
To whom it may concern 

RE: Nationally Funded Centres Program - Health Technology Assessment of Islet 
Cell Transplantation for the treatment of severe hypoglycaemia unawareness 
and metabolic instability in Australians with Type-1 diabetes 

The Australian Health Ministers’ Advisory Council (AHMAC) approved a recommendation 
made by the Nationally Funded Centres (NFC) Reference Group to undertake a health 
technology assessment (HTA) to consider NFC status for Islet Cell Transplantation for the 
treatment of severe hypoglycaemia unawareness and metabolic instability in Australians with 
Type-1 diabetes (hereafter referred to as ICT). 

HeatlhConsult was appointed to undertake the HTA to determine if ICT met the criteria for 
NFC status and, if so, to recommend the number of sites to deliver the ICT NFC and the 
criteria for selecting the site or sites. In their final report, HealthConsult recommended that 
ICT meets the criteria for inclusion in the NFC Program. They also recommended that in view 
of current and expected caseload and the need to concentrate the service, the ICT NFC 
should be delivered from one ICT service incorporating an islet isolation facility with access 
to two TGA compliant clean rooms. 

Subsequent to the HTA, the NFC Reference Group engaged the University of Wollongong to 
undertake a detailed review of costs and to recommend a price for the ICT procedure under 
the NFC Program. In presenting their findings the University of Wollongong expressed a view 
that the ICT NFC should be delivered by the existing consortium of providers in Australia (i.e. 
islet transplantation at three sites, Westmead Hospital, St. Vincent’s Institute and the Royal 
Adelaide Hospital, with access to two islet isolation centres at Westmead Hospital and Peter 
MacCallum Cancer Centre). 

The NFC Reference Group noted that whilst HealthConsult recommended a single site, they 
also acknowledged that the transplant service could potentially be provided in a range of 
hospitals around Australia and that the isolation process could be delivered at one or 
possibly two centres in Australia. Calculations made by the University of Wollongong that 
showed no difference in the cost between one or three sites was also noted. 

Both reports were taken into consideration in the assessment of ICT. These reports are 
attached: 

1. Health Technology Assessment of Proposal to Establish the Islet Transplantation
Procedure as a Nationally Funded Centre, September 2011, HealthConsult.

2. Supplementary Costing of Final report to the Nationally Funded Centres Reference
Group, prepared by the Centre for Health Service Development, Australian Health
Services Research Institute, University of Wollongong, April 2012, Islet Cell
Transplantation Services.

PROFESSOR PADDY PHILLIPS 
Chair, NFC Reference Group 
Chief Medical Officer, SA Health 
2013 
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Executive Summary 

On 9th February 2011, the NSW Department of Health (NSW Health), on behalf of the 
Nationally Funded Centres (NFC) Reference Group, engaged HealthConsult to:  

‘undertake a Health Technology Assessment (HTA) of the proposal to establish the islet 

transplantation procedure as a nationally funded centre’ 

This report presents the findings of the HTA, which was conducted in response to a submission 
made by NSW Health on behalf of the Islet Transplantation Program (ITP) Consortium 
(Westmead Hospital, St. Vincent‘s Institute and Royal Adelaide Hospital).  The assessment was 
undertaken in accordance with the criteria established in the document ―NFC Guidance for 
Governance, Management, Funding, Establishment, and Review‖, January 2010. 

Background 

Type 1 diabetes, previously known as insulin-dependent or juvenile onset diabetes, is primarily a 
result of progressive destruction of the insulin secreting pancreatic beta cells.  It accounts for 5% 
to 10% of patients with diabetes.  Intensive insulin therapy is the treatment of choice, but is 
associated with increased risk of life-threatening hypoglycaemic episodes.  Approximately 10% of 
patients with type 1 diabetes are extremely sensitive to insulin therapy and lack hormone counter-
regulatory measures, thus they suffer from recurrent severe hypoglycaemia. 

The two current means of attempting to restore sustained normoglycaemia without the 
associated risk of hypoglycaemia are to replace islet cells by either whole organ pancreas 
transplantation or by pancreas islet transplantation.  Simultaneous pancreas/kidney 
transplantation is the accepted treatment of choice for patients with type 1 diabetes with kidney 
failure; however, this major surgery is technically demanding and associated with serious peri-
operative complications and mortality.  For patients without renal failure the treatment is 
pancreas islet transplant, a minimally invasive procedure whereby isolated, purified islets are 
infused via the portal vein into the liver. 

Objectives 

The objectives of the HTA were to: 

 provide a HTA report to the NFC Reference Group, which includes a recommendation on
the suitability or unsuitability of the procedure for NFC status; and

 if recommended for NFC status, include recommendations on whether there should be one
or more NFC site(s) and the criteria for selecting the site or sites.

Assessment methods 

Each of the elements for assessment of suitability of islet transplantation alone (ITA) for an NFC 
is considered in the light of evidence from the literature, information provided by the applicants 
(Westmead, St. Vincent‘s and RAH) and advice obtained from broadly based consultations with 
clinicians and other stakeholders.  For the assessment of safety and effectiveness, a systematic 
review of the evidence was conducted.  Medical databases were searched to gather information to 
address the research question ―What is the safety and effectiveness of islet transplantation for 
type 1 diabetes patients with hypoglycaemia unawareness compared to medical management with 
insulin therapies or whole organ transplantation?‖  For the assessment of the cost estimates 
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provided by the applicants, reference was made to the literature on cost/effectiveness and to best 
practice activity based costing and funding methodologies. 
 

National demand 

It is difficult to estimate the national demand for ITA as the prevalence of severe hypoglycaemia 
unawareness in Australia is also difficult to estimate.  However, the best estimate is based on the 
fact that about 5-10% of the 1,500 (i.e. about 3-4% of the estimated 51,000 type 1 diabetes 
patients aged 30 to 60 years that have recurrent episodes of severe hypoglycaemia) to 2,550 (i.e. 
about 5% of the estimated 51,000 patients with a 20-30 year history of type 1 diabetes that have 
lost their ability to detect severe hypoglycaemia) Australian patients continue to experience severe 
and recurrent hypoglycaemia despite best practice insulin therapy.  Thus, the potential target 
population group comprises of up to about 255 Australians, many of whom will be ineligible for 
islet transplant because of co-morbidities or other contra-indications. 
 
In Australia, it has been established that people eligible for islet transplant are aged between 40 
and 60 years and their condition has been unresponsive to insulin therapy.  Because islet 
transplant is only viable for this small group of type 1 diabetes patients, it is our view that there is 
unlikely to be any significant increase in demand in the next three years.  Continually improving 
islet transplant outcomes, better yields from islet isolation, the increased possibility of islet after 
kidney transplant, and the increase in the profile of the procedure associated with gaining NFC 
status could all impact on demand, but with the strict patient selection criteria and limited supply 
of donor pancreata, significant short term (next three years) growth in the number of transplants 
is not expected.  Thus, the demand estimates provided by the ITP of eight patients receiving 17.6 
ITA procedures each year for the next three years are considered reasonable. 
 

Workforce 

Islet transplant involves a multidisciplinary team, where there is a clear need for service 
concentration.  This need is especially evident for the islet isolation team, where international 
experience shows that the successful isolation of the islets is a highly specialised skill, and that the 
procedure should be performed in significant numbers so skills can be maintained and further 
developed.  Typically, the isolation team consists of three staff who are predominately laboratory 
scientists with a mix of essential skills including: complex tissue isolation; sterility techniques; 
Good Manufacturing Practice (GMP) level work; and islet culture experience.  In Australia, 
around three islet isolations are required to achieve one transplantable preparation, whereas in 
some larger overseas centres this ratio has been reduced to two isolations per transplant.  There is 
no doubt that the volume of isolations contributes to this better ratio.  Thus, the complexity of 
the islet isolation procedure and the fact that higher volumes are required to maintain and 
improve skills are clear arguments for concentrating the islet isolation service into one or two 
centres in Australia. 
 
Islet transplant patients also see clinicians and other staff within the host hospitals as part of 
receiving the islet transplant service.  None of these staff are dedicated to the ITP; all have 
ongoing roles within the host health service.  The general nature of the non-ITP staff means that 
the transplant (not isolation) service could potentially be provided in a range of hospitals around 
Australia.  But, international evidence strongly suggests that better outcomes are achieved in 
services with greater numbers of patients.  For example, the international multicentre trial on islet 
transplantation convened by the ITN established that previous experience with islet transplant at 
the various trial sites was strongly associated with success in achieving the primary end points.  
On this basis, it is clear that to maintain and develop the skill of all staff involved in ITA, the 
transplant service should also be restricted to only a few sites in Australia.  



HealthConsult 

NFC Reference Group  Page 3 

HTA of the proposal to establish an islet transplantation procedure as a nationally funded centre  

Final Assessment Report 

Safety and effectiveness 

We identified five English language HTA reports on islet transplantation for type 1 diabetes 
published between 2003 and 2011.  The most recent HTA was from the Institute of Health 
Economics (IHE), Alberta Canada and the data from this study and the systematic review we 
undertook to update the IHE report formed the basis of our assessment, which concluded that: 

 ITA appears to be relatively safe in terms of procedure related complications;

 that immunosuppression is associated with a range of complications which may lead to
withdrawal from treatment; and

 there is a lack of long term follow up and higher level evidence on the effectiveness of islet
transplantation, however, in the short term some studies have achieved high rates of insulin
independence and there is some evidence of improved quality of life and reduced progression
of diabetic complications in the short term.

The islet transplantation procedure itself is not considered complex and the risks associated with 
the transplanting of the islet cells are similar to other relatively routine radiological and/or 
surgical procedures that occur in Australian hospitals.  The literature clearly establishes relative 
safety, and shows that it is a much safer option than pancreas transplant alone (not offered in 
Australia due to risks).  However, as we have stated, the islet isolation procedure is considered to 
be technically complex (although not unsafe, as no patients are involved) and requires skilled 
laboratory scientists with GMP and clean room facility experience to achieve quality outcomes. 

Facilities and equipment 

The isolation procedure is a resource-intensive process carried out in laboratories (i.e. clean 
rooms) that comply with GMP.  There are currently two islet isolation clean rooms used in 
Australia, one at Westmead Hospital and the other is a privately owned facility managed by Peter 
MacCallum Cancer Centre.  Given the TGA‘s new biologics framework and its expected impact 
on isolation centres the ITP has taken steps to ensure that all the essential infrastructure is 
established in order to meet the new standards.  The increased quality and assurance systems 
including environmental monitoring, material management and process controls will have a cost 
implication mainly associated with increased staffing requirements.  Given the compliance costs, 
there is an argument for service concentration, although we understand that the islet isolation 
process could be performed in any laboratory facility that is accredited by the TGA to GMP 
standards.  The principal argument for service concentration is the need to maintain and develop 
the skills of the islet isolation staff. 

Inclusion of islet transplant in NFC Program 

Based on our research, ITA is only indicated for a small group of type 1 diabetes patients that 
have been unable to resolve their hypoglycaemic episodes with insulin pump therapy (the gold 
standard therapy).  For this select group of patients there is no alternative but to manage their 
severe hypoglycaemia unawareness (which involves giving up your driver‘s license, ensuring you 
are not alone in case an episode occurs, etc.).  ITA offers this group of patients an alternative 
therapy which continues to show improved outcomes as the international community (including 
Australian centres) share and publish their results.  Based on the evidence, it is our view that 
pancreas islet transplantation fulfils the requirements for inclusion in the NFC Program because: 

 ITA is available in at least 10 other countries with comparable health systems and is the only
treatment option for a small select group of type 1 diabetes patients that leads to improved
clinical circumstances and improved quality of life;
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 ITA requires a national population base and service concentration given small numbers of 
patients in the target population, the limited donor organs available to patients requiring 
transplantation, and the fact that highly trained scientific and clinical staff are required to 
isolate the islets, and provide pre and post transplant care; 

 there is a very small current annual caseload in Australia of around eight patients and less 
than 20 transplant procedures – this caseload may increase over time (but not significantly in 
the next three years) with national efforts to improve organ donation rates, with improved 
isolation processes and improved immunosuppression therapy regimes; and 

 there are very high costs associated with the ITA service; estimated total cost of $363,450 for 
each patient (based on 2.2 transplants per patient). 

 
We consider that designating ITA as an NFC service is appropriate and consistent with the NFC 
Program.  Drawing from the document ―NFC Guidance for Governance, Management, Funding, 
Establishment, and Review‖ ITA is borderline between an ―established clinical practice‖ and a 
―clinical practice in the establishment phase‖.  Either way its inclusion as an NFC is appropriate 
because it will enable improved equity of access to the service through implementation of 
nationally agreed guidelines and protocols for referral to and acceptance by the service; 
appropriate resource provision for services; and a national framework for monitoring and 
evaluating the service as it continues to develop. 
 

Site determination and number of sites 

One criterion for NFC site determination unique to ITA relates to providing the service in a 
hospital setting where there is considerable experience in managing post transplant care so as to 
access experience with immunosuppressant therapy, which, as demonstrated by the international 
evidence, forms a key part of achieving good ITA outcomes.  We believe that the ITA service 
should only be located at a hospital with a strong transplant program preferably, but not 
necessarily, in kidney/pancreas or kidney transplant.  The other unique criterion relates to the co-
location of an islet isolation laboratory with a transplant service.  Co-location removes the time 
delays in transplant post isolation and transport costs; and enables closer collaboration between 
the islet scientists and the islet transplant clinicians.  In the Australian context, there is a trade-off 
between the clinical and scientific benefits offered by co-location and the access benefits offered 
by decentralisation.  It is difficult to be definitive but based on the predominant model used 
overseas our preference would be for co-location of islet isolation and transplant at the one site. 
 
The question of the number of NFC sites is complicated by the legacy of the ITP that has been 
funded since 2006 by the Australian Government through the Juvenile Diabetes Research 
Foundation.  The proposal for the islet transplant procedure to be given NFC status has been 
made on behalf of the existing ITP which has three transplant sites (two of which have isolation 
centres).  Through the assessment process it was obvious that the ITP Consortium has worked 
collaboratively for a number of years in refining the islet transplantation procedure (including 
islet isolation).  Weighing up all the arguments for and against one or multiple sites proved 
difficult, but based on the international experience and the estimated demand for the Australian 
islet transplant service (i.e. eight patients and 17.6 transplants annually), one transplant centre 
would be able to provide the required services in the next three years.  It is clear that the centre 
would need access to more than one TGA accredited clean room, but as many major hospitals 
are developing scientific and research facilities with multiple laboratories operating to TGA GMP 
standards, this requirement should present no problem. 
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Monitoring and evaluation 

Overall, it is our view that islet transplant service model is well developed across the ITP 
hospitals, and that there are appropriate arrangements in place (including networking with 
international centres) for its continuing development.  We did note as part of the assessment 
process some variability in the model of care with respect to the islet transplant procedure.  In 
NSW and SA the transplant is performed by a surgeon under general anaesthetic and in Victoria 
by a radiologist under sedation.  However, this variation in the model is consistent with 
international practice and to date has shown no significant difference in procedure outcome.  
Thus, we see no reason, should an islet transplantation service be funded under the NFC 
Program, that the NFC review should occur earlier than the standard three years from 
commencement of funding. 
 
Progress in islet transplantation depends entirely on complete, high quality medical data.  All 
Australian centres currently performing ITA collect the Collaborative Islet Transplant Registry 
(CITR) data set and report it to the CITR.  The CITR have defined primary and secondary 
endpoint measures which are required to be provided by the transplant units.  As it has been 
mandated in the USA, a condition of ITA being granted NFC status should be to continue to 
contribute all the required data for each transplant/patient to the CITR to enable continued 
international benchmarking of the Australia experience.  As the number of transplants likely to 
occur in Australia is quite small, it is important that the outcomes of Australian patients are 
benchmarked against and with the international data. 
 

Financial implications 

The submission for NFC status provides two costing approaches for the islet transplant 
procedure.  The first is a median-cost per patient approach that essentially applies the costing 
methodology set out in Appendix 2 of the NFC Guidelines.  Using this approach, the cost of one 
islet transplant is estimated and it is then assumed that the average patient has 2.2 islet transplants 
and proposes that the ITP will provide services to eight patients per year for the next three years, 
to arrive at an overall program cost of about $8.73 million, as shown in Table E.1.  This figure 
represents a cost per patient on the program of about $363,450. 
 

Table E.1: Cost estimate of the Islet Transplant Program – cost per patient approach 

Year 
Number of 

patients 
Number of 
transplants 

Unit cost Total Cost 
Cost per 
patient 

Year 1 8 17.6 $165,204 $2,907,599 $363,450 

Year 2 8 17.6 $165,204 $2,907,599 $363,450 

Year 3 8 17.6 $165,204 $2,907,599 $363,450 

Total over three years 24 52.8 N/A $8,722,798 N/A 

 
In the context of our understanding of the islet transplant procedure, this approach to costing the 
potential NFC service is not considered optimal.  The approach taken makes the ratio 2.2 
transplants per patient more important than it should be, and ensures that the estimated costs do 
not reflect the costs of any one patient (no patient will have 2.2 transplants).  It is our view, based 
on the extensive consultation with clinicians involved in the delivery of the islet transplantation 
service that there are distinct, and materially different in terms of cost, clinical pathways (or 
phases of care) associated with islet transplant cases.  Put simply a patient can have one, two or 
three islet transplant procedures depending on clinical circumstances.  Given the significant costs 
associated with the islet isolation process, and the fact that an average of three islet isolations are 
required to produce one transplantable islet preparation, the three pathways (or phase of care) 
have significant and material cost differences and should therefore be costed separately. 
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In reviewing the cost estimates provided we also noted a few issues that should be addressed in 
any future submission to provide islet transplant services under the NFC Program.  First, the islet 
transplant episode should be deemed to commence at the time of acceptance into the transplant 
program, and conclude three months after the final transplant.  Adopting this approach, together 
with the costing of three separate pathways (or phases of care) resolves the problem in the 
costing presented in the NFC submission that had unclear overlaps between pre-transplant 
workups for subsequent procedures and post transplant aftercare for previous procedures.  
Second, we noted that the per transplant cost estimates provided in the submission specifically 
exclude the costs associated with the clean room facilities.  These costs need to be included in 
any revised costing for NFC purposes.  Third, we also noted that the costs associated with 
complying with the new TGA biologicals framework were excluded from the NFC submission.  
Again, these costs need to be included in any revised costing for NFC purposes. 
 
Should NFC status be granted, it is our view that funding for each patient should be provided on 
the basis of the costs of the clinical pathway actually taken (rather than an arbitrary figure that 
results from the use of the estimated 2.2 transplants per patient ratio).  This approach represents 
best practice in activity based costing and funding.  There are two leading alternatives for using 
the costs data to determine the funding for an islet transplant service as follows: 

 First, prices (based on estimated costs) could be set for each of the three pathways and the 
service would estimate (start of year) and then report how many patients took each pathway 
in the funding year.  In this model, appropriate arrangements need to made for funding part 
episodes, for example, where a patient‘s clinical circumstances indicate three islet transplants 
are required, and due to the need to wait for the donation of a suitable pancreas, the episode 
takes up to two years to complete (i.e. from the time of referral and acceptance into the 
program until three months after the final islet transplant). 

 Second, the three treatment pathways could be considered to be a concatenation of up to 
three phases of care for an islet transplant patient (i.e. the first transplant, the second 
transplant and the third transplant).  The costs of each pathway could then be used to set 
prices for each phase of care, and the islet transplant service would estimate (start of year) 
then report how many patients received phase 1, 2 and 3 care in the funding year. 

 
Materially, there is not much difference between the two approaches.  It is our understanding 
that the second approach is similar to the one being used to fund services providing the 
Norwood procedure which was recently granted NFC status (where there are also three phases of 
care, involving the performance of three distinct procedures), thus it might be preferred.  Either 
approach will be suitable, both of them avoid the use of the estimated 2.2 transplants per patient 
ratio and are much more consistent with the NFC Guidance document that requires ―where 
there is more than one patient care pathway with substantially different care elements and cost 
implication separate pathway costs should be developed‖. 
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List of  Recommendations 

R1: It is recommended that pancreas islet transplantation alone (ITA) meets the 
criteria for inclusion in the NFC Program. 

 
R2: It is recommended that, given the clinical infrastructure and staff requirements to 

provide high quality and safe services, the following criteria should be taken into 
account when applicant sites are considered for potential NFCs for ITA for type 1 
diabetes patients suffering from severe hypoglycaemia unawareness: 

 co-location with an organ transplant unit (preferably kidney/pancreas or 
kidney); 

 co-location of the ITA unit and the isolation laboratory; 

 the level of expertise in, and maturity of, the model of care and the clinical 
pathways that provide the service, including processes for appropriate referral; 
pre-transplant assessment, post transplant monitoring, intensive and/or highly 
dependent care and short- and long term follow up; 

 the establishment of clear processes for supporting patients who do not live in 
the vicinity of the transplant service, and their continuing clinicians post 
discharge from the ITA service; 

 provision of adequate supportive care services for families of islet transplant 
patients, including accommodation services for families who need to relocate 
for the procedure; 

 the existence of an established research and development program including 
established systems for monitoring and ongoing data collection; and 

 the capacity of the institution to ensure access to ITA for patients from all 
states and territories. 

 
R3: It is recommended that, in view of the current and expected caseload for pancreas 

islet transplantation and the need to concentrate the service, there should be one 
islet transplantation service incorporating an islet isolation facility with access to 
two TGA compliant clean rooms funded under the NFC Program. 

 
R4: It is recommended that any islet transplant service funded under the NFC 

Program has well developed referral criteria, and clear processes for promulgating 
them to all clinicians involved in the care of people with diabetes, particularly 
those in States that do not host the NFC service, to ensure equitable access to islet 
transplantation for all Australians. 

 
R5: It is recommended that any islet transplant service funded under the NFC 

Program develop and implement strategies/processes to ensure appropriate 
support is provided to the referring clinician (or other suitable clinician) once 
patients are discharged from the NFC service to a residence in another State. 

 
R6: It is recommended that any islet transplant service funded under the NFC 

Program be reviewed three years from the commencement of funding, as set out 
in the NFC Guidance document. 
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R7: It is recommended that any islet transplant service funded under the NFC 
Program is required to continue to collect the CITR dataset and report it to the 
CITR in order to progress the development of islet transplantation services 
nationally and internationally. 

 
R8: It is recommended that should the islet transplantation procedure be included in 

the NFC Program, a revised costing is required in the expression of interest 
process that produces separate cost estimates for three clinical pathways (i.e. one, 
two and three islet transplants per patient). 

 
R9: It is recommended that should the islet transplantation procedure be included in 

the NFC Program, that funding be provided on a per-patient basis, consistent 
with other NFC funded services and, accordingly, that the fixed/variable 
approach to costing the islet transplant procedure not be pursued. 

 
R10: It is recommended that should the islet transplantation procedure be included in 

the NFC Program, the revised costing should assume that the episode starts at the 
time of acceptance into the transplant program, and concludes three months after 
the final transplant. 

 
R11: It is recommended that should the islet transplantation procedure be included in 

the NFC Program, the revised costing include the clean room costs in the 
estimate of cost per patient on each pathway (distributed in accordance with the 
number of transplants for the pathway). 

 
R12: It is recommended that should the islet transplantation procedure be included in 

the NFC Program, the revised costing include the cost associated with complying 
with the TGA’s new regulatory framework for biologicals in the estimate of cost 
per patient on each pathway (distributed in accordance with the number of 
transplants for the pathway). 
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1 
Introduction 

On 9th February 2011, the NSW Department of Health, on behalf of the Nationally Funded 
Centres (NFC) Reference Group, engaged HealthConsult to:  

‘undertake a Health Technology Assessment (HTA) of the proposal to establish the islet 

transplantation procedure as a nationally funded centre’  

 
The NFC Program, established in 1990 by the Australian Health Ministers Conference (AHMC), 
supports the introduction of high cost, highly specialised clinical practices and technologies with 
limited demand, to ensure equitable access to these practices and technologies for all Australians.  
The NFC Reference Group, comprising representatives of all states and territories and the 
Australian Government, is responsible for management of the NFC Program. 
 
The objectives of the NFC Program are to ensure that: 

 there is optimal access to certain high cost, low-demand, new and emerging technologies 
regardless of geographical location, in the context of workforce and resource availability; 

 these technologies are provided efficiently and effectively; 

 requirements for high quality and safe introduction and ongoing provision of these 
technologies have been defined and implemented; and 

 health and cost outcomes of these technologies are monitored and evaluated. 
 
The NFC Reference Group received a submission from NSW Health on behalf of the Australian 
Islet Transplantation Program (Westmead Hospital, St. Vincent‘s Institute and Royal Adelaide 
Hospital) proposing NFC status for the islet transplantation procedure for the treatment of 
severe hypoglycaemia unawareness and metabolic instability in Australians with Type-1 diabetes.  
The ‗Nationally Funded Centres Guidance for Governance, Management, Funding, 
Establishment and Review‘ requires that a HTA is undertaken to support consideration of a new 
clinical practice or technology for NFC status.  The objectives of the HTA process were to: 

 provide a HTA report to the NFC Reference Group, which includes a recommendation on 
the suitability or unsuitability of the procedure for NFC status; and  

 include recommendations on whether there should be one or more NFC site(s) and the 
criteria for selecting the site or sites.  

 
This document represents HealthConsult final HTA Report.  In conducting this assessment 
HealthConsult considered the nature of the technology and clinical need; safety, efficacy and 
clinical effectiveness; service delivery model; the need to concentrate services; financial 
implications; and site issues for the procedure; as outlined in the document ―NFC Guidance for 
Management, Governance, Funding, Establishment and Review‖.   
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2 
Background 

This Chapter describes the pancreas islet transplantation procedure, the subset of the type 1 
diabetes population that may benefit from the procedure, and the clinical indications for islet 
transplant. 
 
 
2.1 DESCRIPTION OF PANCREATIC ISLET TRANSPLANATION 

This section presents a brief history of the pancreas islet transplantation procedure, donor 
procurement and islet isolation, a description of the transplant procedure and information on 
post transplant care. 
 

2.1.1 History of the pancreas islet procedure 

Islet transplantation came of age when Paul E. Lacy successfully reversed chemical diabetes in 
rodent models in 1972(1).  This development prompted enthusiasm that islet transplantation could 
move into the clinic as a viable treatment option for people with type 1 diabetes.  In 1990, a 
successful report of one month of insulin independence following islet transplant in a type 1 
diabetes patient was reported by Scharp and co-workers(2).  However, technical limitations in islet 
isolation and immunosuppression prevented immediate wide-scale applicability.  Over the next 
10 years, there were approximately 450 attempts at clinical islet transplantation, but fewer than 
8% of subjects were rendered insulin free, and enthusiasm for the approach waned.  In a 
landmark study published in 2000, Shapiro et al(3) reported seven consecutive patients treated 
with islet transplants, all of whom maintained insulin independence out to one year.  The 
approach used has become known as the Edmonton protocol.  Since the original report of the 
Edmonton protocol in 2000, an estimated 700 islet transplants have been conducted worldwide 
using variants of this protocol and further advances in pancreas islet transplantation. 
 

2.1.2 Donor procurement and islet isolation 

The first stage of the islet transplantation process is the procurement of a high quality donor 
pancreas.  Typically, the pancreas is procured from a cadaveric heart beating, brain dead donor, 
preserved in a solution, and transported to an islet isolation laboratory, ideally within six hours(4).  
Islet transplantation begins with islet isolation and purification from the pancreas.  Insulin-
producing beta cells are arranged in clusters of about 1,000 cells called islets (see Figure 2.1, note 
that the islet cells are the lighter stained area which are surrounded by exocrine pancreas tissue 
(darker staining)).  The insulin producing beta cells make up about 1% of the pancreas with the 
rest mainly being cells that produce digestive enzymes not needed to reverse type 1 diabetes. 
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Figure 2.1: Microscopic image of pancreas islet cells  

 
Source: http://en.wikipedia.org/wiki/Islet_cell_transplantation 

 
Islet isolation is a time consuming procedure that is required to separate the islet from the 
exocrine component of the pancreatic gland(5).  The process is shown diagrammatically in Figure 
2.2.  It illustrates that collagenase is injected into the pancreatic duct causing distension of the 
pancreas, which is subsequently cut into small chunks and transferred into a semi-automated 
chamber where digestion takes place and the islets are liberated and removed from the solution.  
The fundamental advance in islet processing came with the introduction of the semi-automated 
method for controlled pancreatic digestion by Camillo Ricordi.  The ‗Ricordi Chamber‘ is now 
used universally by islet processing centres to optimise islet yield and consistency(6). 
 

Figure 2.2: Islet isolation and transplantation: from donor to recipient 

 
Source: Merani S & Shapiro AM 2006. Current status of pancreatic islet transplantation, Clinical Science; 110: 611-625 

 
It was previously thought that freshly isolated islets were superior to cultured/preserved islets 
(delivered within eight hours of isolation).  However a recent study(7) found that islet morphology 
at 4ºC preservation (compared to standard 22ºC or 37ºC temperatures) for up to 48 hours, was 
similar to fresh islets.  The storage of islets provides many benefits to clinical islet transplantation 

http://en.wikipedia.org/wiki/Islet_cell_transplantation
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such as islet quality testing, stability during travel, and treatment time.  It is known that the islet 
isolation procedure itself causes loss of islet mass because of the destructive activity of the 
enzymes(5).  Other factors which affect the quality and quantity of islets isolated include the 
donor‘s characteristics, such as age, cause of death, length of ischemia and medical status(5). 
 

2.1.3 Islet transplantation procedure 

Currently, islets are delivered into the portal vasculature as the liver has been proven to be the 
site with the most clinical success to date(8).  However, the optimal implant site has not yet been 
defined.  The pancreatic bed is relatively inaccessible and attempts to deliver islet grafts into the 
splenic vasculature have resulted in significant morbidity, including infarction, rupture and gastric 
perforation(9).  Placing islets into the liver offers a physiological advantage; as the liver is the 
major site of insulin function and is physiologically consistent with pancreatic secretion of insulin 
directly into the portal vasculature(8).  
 
Two approaches are currently used to access the portal vasculature, either cannulation of the 
mesenteric venous tributary of the portal system at time of surgical laparotomy; or radiological 
percutaneous approach to the portal vasculature using fluoroscopic and ultrasound guidance(8).  
Once access has been obtained, islets are introduced using a closed infusion bag system that 
contains islets resuspended in approximately 200 ml of transplant medium(8).  Unfractionated 
heparin is included in the infusion mix to reduce the occurrence of portal vein thrombosis 
(although this is rare, and most often associated with impure or only partly purified islets)(10, 11).  
Portal venous pressure, measured by indirect pressure transducer, is used to monitor infusion and 
changes in portal pressure may be a limiting factor of proceeding with islet infusion.  Procedure-
related risks of islet transplantation include bleeding, thrombosis, biliary puncture, discomfort, a 
transient rise in serum transaminase and arteriovenous fistulae(8). 
 
The surgical approach offers added control which helps to prevent bleeding, whereas the 
radiological approach avoids the risk of wound infection and wound herniation (which may be of 
increased risk because of sirolimus administration post transplantation).  Patients generally prefer 
the radiological method due to its relative simplicity, reduced pain and avoidance for general 
anaesthesia.  However, with the radiological procedure there still remains the potential risk of 
bleeding once the catheter has been withdrawn from the liver track.  Bleeding after islet 
implantation may be avoided if the catheter track is sealed along its entire length, and a variety of 
approaches have been effective, including the use of D-STAT by the Miami group, the 
combination of coils and gelfoam by the Minnesota group, and the use of microfibrillary collagen 
(Avitene® paste, made up in radiological contrast agent) by the Kyoto and Edmonton groups(8). 
 

2.1.4 Post transplantation and immunosuppression 

After transplantation, patients are monitored for 24-48 hours with frequent capillary glucose 
readings and periodic complete blood counts and liver enzyme measurements.  An abdominal 
ultrasound is performed the day after transplantation to rule out portal venous thrombosis or 
intra-peritoneal haemorrhage.  The most common immediate post transplant symptoms are 
transient abdominal pain (52%), nausea and, rarely, vomiting in patients who develop post 
transplant ileus (i.e. bowel obstruction).  The mean hospital stay is one day (range: 1 - 2 days)(12). 
 
During the immediate post transplantation period, glycaemic control with exogenous insulin is 
used to maintain a stable and hospitable environment for newly engrafted islets.  As islets engraft 
and begin to secrete insulin, exogenous insulin therapy is tapered to prevent hypoglycaemia(6).  
Glucocorticoid-free combination immunosuppressive pharmacotherapy is typically used 
including dacluzimab, sirolimus and tacrolimus.  Dacluzimab is administered in the peri-
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transplant period as two intravenous infusions, whereas sirolimus and tacrolimus are 
administered life-long following transplantation to prevent chronic rejection(6). 
 
Over time, with more learning, the immunosuppressive therapies have improved outcomes in 
transplant recipients at the one and three years.  It was thought that insulin independence is not 
sustainable in most subjects once they reach five years post transplantation(13), however promising 
recent evidence presented at the 13th World Congress of the International Pancreas and Islet 
Transplantation Association (IPITA) by Shapiro and colleagues(14) suggests that the use of the 
potent T-depletion immunotherapy substantially improves insulin independence rates that now 
compare favourably with those of pancreas alone transplantation. 
 
 
2.2 TYPE 1 DIABETES MELLITUS 

Diabetes mellitus is a chronic metabolic disorder characterised by the presence of hyperglycaemia 
due to absolute or relative insulin deficiency.  Type 1 diabetes usually diagnosed in children or 
adolescents, is primarily a result of progressive destruction of the insulin secreting pancreatic beta 
cells.  The destruction of beta cells can be caused by an autoimmune-mediated process or by 
unknown mechanisms(15). 
 
There are a number of treatment options for type 1 diabetes.  Intensive exogenous insulin 
therapy remains the primary component of standard care for the current management of patients 
with type 1 diabetes.  Although this therapy has been proven to delay the progression of chronic 
diabetic complications, it is associated with increased risk of life-threatening hypoglycaemia 
episodes(16).  Many type 1 diabetes patients develop abnormalities in the counter-regulatory 
responses that normally prevent, limit, or reverse hypoglycaemia(16).  Once insulin has been 
administered it cannot be withdrawn in the way that insulin secretion is terminated in non-
diabetic individuals when blood glucose drops.  Frequent hypoglycaemia can be corrected in 
most patients by adjustment of insulin regimen but some people‘s hypoglycaemia persists for 
reasons that are not always fully understood.   
 
Within five years of diagnosis, many type 1 diabetes patients lose the ability to secret glucagon (a 
hormone produced by the alpha cells of the pancreas that increases the concentration of glucose 
in the blood) causing hypoglycaemia.  Patients may also develop secondary deficits in other 
hormonal responses, particularly in adrenaline release (for characteristic warning symptoms such 
as palpitations and sweating)(16).  The combination of defective counter-regulation and 
symptomatic unawareness of falling blood glucose significantly increases the risk of suffering 
episodes of severe hypoglycaemia(16).  It is this group of patients that are referred to as suffering 
from ―hypoglycaemia unawareness‖.  In severe cases, uncontrolled hypoglycaemia can lead to 
coma, seizure, or even death(8).   
 
Certain forms of insulin administration, which more closely mimic physiological insulin secretion, 
such as implantable insulin pumps, can improve glycaemic control and reduce hypoglycaemic 
episodes, but are not suitable for all patients(17).  Alternative strategies to injected insulin therapy 
are slowly emerging and include inhaled insulin, insulin pumps, whole pancreas transplantation 
and islet transplantation.  Replacing islet cells either by whole organ pancreas transplantation or 
by islet transplantation are the two current means of restoring sustained normoglycaemia without 
the associated risk of hypoglycaemia(18).  The major benefit of restoring beta cell function is that it 
allows more physiologic control of glucose metabolism (i.e. glucose dependent insulin secretion), 
than exogenous insulin therapy(19).   
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2.3 CLINICAL INDICATION FOR ISLET TRANSPLANTION 

In patients with hypoglycaemia unawareness, the sympatho-adrenal axis is not activated in 
response to hypoglycaemia and there is a loss of the consequent neurogenic symptoms associated 
with hypoglycaemia.  This cohort of patients fails to get the warning signs of low blood glucose 
levels and fail to take remedial action.  Frequently these patients develop unconsciousness from 
hypoglycaemia or are ―saved‖ from unconsciousness by an alert family member.  Severe 
hypoglycaemia unawareness can lead to frequent hospitalisations, workplace and automobile 
accidents, restrictions on working and driving, and social dislocation.  Patients can die as a result 
of hypoglycaemia, which can also contribute to other life threatening conditions such as cardiac 
arrhythmia.  Some patients experience long term cognitive impairment from hypoglycaemia.   
 
Optimal control of diabetes is directed toward a normalisation of blood glucose because good 
glycaemic control reduces the long term risk of diabetes complications.  The most definitive 
study in the field, the Diabetes Control and Complications Trial (DCCT)(20), showed that with 
intensive insulin therapy a 2% decrease in HbA1c significantly reduced the risk of microvascular 
complications.  However, this improvement in HbA1c did not result in normalisation of the value 
(median 7%) and was associated with a threefold increased risk of severe hypoglycaemia,(20) thus 
providing the incentive to find other methods to achieve glucose control.  Islet transplantation 
offers a solution to insulin-induced hypoglycaemia(21). 
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3 
Approach to assessment 

This Chapter describes the methodology used to conduct the assessment for pancreas islet 
transplantation for Nationally Funded Centres (NFC) status. 
 
 
3.1 ASSESSMENT STRATEGY 

The elements to be addressed in assessing the suitability of pancreas islet transplantation for 
establishment as a new NFC are: 

 clinical need; 

 safety, efficacy and clinical effectiveness; 

 need to concentrate services (national demand, workforce and clinical infrastructure, quality 
and safety, fixed costs); 

 financial implications (cost estimates); and 

 site issues (number of sites, criteria for site determination). 
 
Each of these elements is assessed using evidence from the published literature, information 
provided by the applicants, and by drawing on advice from relevant and interested clinicians 
working in the Australian healthcare system.  Cost estimates and financial implications were 
submitted by the applicants, and this assessment critiques the calculation methodology and the 
resultant estimates.  For the assessment of safety, efficacy and clinical effectiveness, a systematic 
review of the published evidence was conducted. 
 

Details of the proposed assessment methodology were outlined a priori in a protocol document, 
which was developed by the evaluators and approved by the NFC Project Management Group.  
Following consideration by the Project Management Group, the review protocol document was 
also provided to the applicants for comment. 
 
The overarching principle for consideration is whether establishment of an NFC will maintain or 
improve quality of care and equity of access for Australian patients. 
 
 
3.2 SYSTEMATIC REVIEW METHODS 

A systematic literature review was conducted to form the basis of the assessment of safety and 
effectiveness. 
 

3.2.1 Research question 

The PICO (target Population, Intervention, Comparator, Outcomes) criteria were used to 
develop well-defined clinical/research questions for the HTA assessment.  The PICO criteria are 
presented in Table 3.1. 
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Table 3.1: Development of the research questions for the NFC review 

Population Intervention Comparator Outcomes 

Patient with Type I diabetes 
and severe hypoglycaemia 
unawareness 

Pancreas islet 
transplantation 

Insulin therapies 
Whole organ 
transplantation 

Efficacy/Effectiveness 

Severe episodes of hypoglycaemia 
Insulin independence (yearly 
intervals) 
Insulin requirement (yearly interval) 
C-peptide levels 
HbA1c levels 
Quality of life 
Secondary complications of diabetes 
(retinopathy, nephropathy, 
cardiovascular disease) 
 

Safety 

Serious Adverse Event related to 
infusion procedure (mortality, 
bleeding, thrombosis) 
Serious Adverse Event related to 
immunosuppression (mortality, 
nephrotoxicity, hypertension, 
hypercholesterolemia, 
thrombocytopenia, leukopenia, 
infection, post transplant 
lymphoproliferative disease) 

Clinical/Research Question 

 What is the safety and effectiveness of islet transplantation for type 1 diabetes patients with hypoglycaemia 
unawareness compared to medical management with insulin therapies or whole organ transplantation? 

 

3.2.2 The clinical flowchart 

As shown in Table 3.1 there is one population where pancreas islet transplantation is being 
considered for NFC status.  The clinical decision pathway which determines if a patient with type 
1 diabetes and hypoglycaemia unawareness is suitable for pancreas islet transplantation is 
provided in Figure 3.1. 
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Figure 3.1: Clinical flowchart for pancreas islet transplantation  

 
 
The clinical flow chart illustrates the pathway taken by islet transplantation patients, showing the 
branches to patients who undergo simultaneous pancreas kidney transplant (SPK, potential 
comparator) and insulin pump therapy (also potential comparator) also shown.  It also illustrates 
the process for retrieval of the donor organ.  The ‗red boxes‘ in the clinical flowchart, represent 
the pathway that is the subject of the HTA. 
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3.2.3 Review of literature 

A systematic review of the medical literature was conducted to identify relevant studies.  The 
database of the International Network of Agencies for Health Technology Assessment 
(INAHTA) was searched for existing HTA reports and electronic databases of published 
research were searched for original research papers, including systematic reviews.  A list of the 
electronic databases searched is provided in Table 3.2. 
 

Table 3.2: Electronic databases searched 

Database Period covered 

EMBASEA 2008-May 2011 

PreMEDLINE To May 2011 

All EBMB 2008-May 2011 
AIncludes EMBASE and MEDLINE  BIncludes Cochrane Database of 

 Systematic Reviews, Database of Abstracts of Reviews of Effects, Cochrane Register of Controlled Trials,  
NHS Economic Evaluation Database, Health Technology Assessment, Cochrane Methodology Register 

 
A search of clinical trial databases was also undertaken and included: 

 www.controlled-trials.com;  
 www.clinicaltrials.gov; and 
 www.actr.org.au.  
 
The full search strategy is included in Appendix A. 
 
We also reviewed reference lists of related systematic reviews and selected narrative reviews and 
primary articles.  We then reviewed databases maintained by health technology assessment (HTA) 
agencies to identify existing assessments of islet transplantation.  We did not systematically search 
for unpublished data.  In terms of supplementary search strategies, as part of the consultation 
process, clinicians were asked if they were aware of any clinical guidelines, unpublished studies, 
reviews relevant to this review of islet transplantation. 
 

3.2.4 Selection criteria 

The selection criteria in Table 3.3 were applied to all publications identified by the literature 
search to identify studies eligible for inclusion in the systematic review.  Study eligibility was 
assessed by two reviewers. 
 

Table 3.3: Inclusion/exclusion criteria for identification of relevant studies 

Characteristic Criteria 

Publication type Clinical studies included. 
Non-systematic reviews, letters, editorials, animal, in vitro and laboratory studies excluded. 
Systematic reviews 
Systematic reviews that have been superseded will be excluded 
Primary studies 
Primary studies published during the search period of included systematic reviews excluded 

Patient Adult (>18 years) patients with type 1 diabetes and a history of severe hypoglycaemia episodes 
or hypoglycaemia unawareness, but without end-stage renal disease 

Intervention Islet allo transplantation using the Edmonton protocol or modifications of the Edmonton 
protocol 

Comparator Comparative studies against insulin therapies or whole organ transplant A 

Outcome Studies must report on at least one of the primary outcomes identified in Table 6.1 

Language Non-English language articles excluded  
A If no studies using comparators are found, prospective case series with no comparison reporting primary outcomes with minimum follow up of 

one year or reporting primary safety outcomes may be included.  Consistent with the Institute of Health Economics HTA, studies comparing 
different islet cell protocols were excluded. 
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3.2.5 Data extraction and appraisal 

Data were extracted using a standardised instrument designed for this review.  Data extraction 
was performed by one reviewer and checked by a second reviewer.  Any discrepancies were 
resolved by discussion and involvement of a third reviewer if necessary.  The data extraction 
tables are provided in Appendix C. 
 
The evidence was appraised using the NHMRC series of guidelines developed in 1999-2000(22-24), 
some aspects of which have been recently updated(25).  The NHMRC guidelines suggest that 
evidence be assessed across three dimensions: 

 Strength of evidence: which embraces: the level of evidence, quality of evidence and 
statistical precision; 

 Size of effect: which can be interpreted as how clinically important is the finding; and 

 Relevance of evidence. 
 
The first dimension is derived directly from the literature identified for a particular intervention 
whereas the last two require expert clinical input as part of their determination.  The guidelines 
propose that level of evidence be assessed using a hierarchy (see Table 3.4). 
 

Table 3.4: Designations of ‘levels of evidence’ for an intervention(25) 

Level Intervention 

I A systematic review of level II studies  

II A randomised controlled trial  

III-1 A pseudo randomised controlled trial (i.e. alternate allocation or some other method)  

III-2 A comparative study with concurrent controls:  

 Non-randomised, experimental trial  

 Cohort study  

 Case-control study 

 Interrupted time series with a control group  

III-3 A comparative study without concurrent controls:  

 Historical control study  

 Two or more single arm study  

 Interrupted time series without a parallel control group  

IV Case series with either post-test or pre-test/post-test outcomes  

 
The quality of a study refers to the extent to which it has been designed and conducted to reduce 
bias in estimating the outcome.  A structured appraisal was performed to assess the quality of all 
additional included studies.  The quality of studies was assessed using a checklist (Table 3.5) 
specific for each study type.  
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Table 3.5: Quality checklists used to assess study quality(25) 

Study design Quality checklist 

Systematic reviews 

 Was the research question specified? 

 Was the search strategy explicit and comprehensive? 

 Were the eligibility criteria explicit and appropriate? 

 Was a quality assessment of included studies undertaken? 

 Were the methods of the study appraisal reproducible? 

 Were sources of heterogeneity explored? 

 Was a summary of the main results clear and appropriate? 

Case series 

 Was the study based on a consecutive sample? 

 Were the criteria for inclusion and exclusion explicit? 

 Did all subjects enter the study at a similar point in their disease progression (uniform 
stage/extent of disease? 

 Was follow up adequate? 

 Were outcomes assessed using objective criteria or was blinding used? 

Non-randomised 
comparative studies(26)  

 Were the subject selected prospectively? 

 Was there sufficient description about how the subjects were selected for the intervention 
and comparison groups? 

 Was there sufficient description about the distribution of prognostic factors? Were the 
groups comparable for these factors? 

 Did the study adequately control for potential confounding factors in the design or 
analysis? 

 Was the measurement of outcomes unbiased (i.e. blinded to treatment group and 
comparable across groups)? 

 Was follow up long enough for outcomes to occur? 

 Did the analysis include an intention to treat analysis? 

 Were drop-out rates and reasons for drop-out similar across the groups? 

 
Seven criteria were applied to assess the quality of systematic reviews as outlined Table 3.5.  For 
the criterion addressing heterogeneity, systematic reviews that did not undertake a meta-analysis 
were rated ‗not applicable‘ unless heterogeneity was specifically mentioned.  Studies were required 
to meet all seven criteria to be assessed as ‗high‘ quality.  A study with four or fewer ‗yes‘ or 
‗N/A‘ ratings was considered to be of ‗low‘ quality.  
 
Five criteria were used to assess the quality of case series (Table 3.5).  A ‗yes‘ to all five questions 
is required for a study to be rated ‗high‘ quality.  A study with three or four ‗yes‘ answers is 
considered as ‗fair‘ quality.  A study with two or fewer ‗yes‘ answers is ‗low‘ quality.  And, eight 
criteria were used to assess the quality of non-randomised comparative studies (Table 3.5).  A 
‗yes‘ to seven of these was required for a study to be rated ‗high‘ quality.  A study with five or six 
‗yes‘ answers is considered ‗fair‘ quality.  All other studies are considered ‗low‘ quality. 
 
 
3.3 FINANCIAL IMPLICATIONS  

Cost estimates were provided by the applicant (NSW Health), which were prepared by the ITP 
Consortium (Westmead Hospital, St. Vincent‘s Institute and Royal Adelaide Hospital).  This 
assessment provides a critique of those estimates (see Chapter 10).  Consistent with the NFC 
Guidance document, no primary data was sought to update the submitted costs estimates. 
 
 
3.4 EXPERT ADVICE 

The current report was reviewed by Professor James Shapiro, one of the international pioneers of 
islet transplants, who is currently the professor of Surgery and Director of the Clinical Islet 
Transplant Program at the University of Alberta, Edmonton, Canada.  
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4 
Clinical need 

This Chapter examines the clinical need for islet transplantation; and describes the current and 
possible future comparators/alternatives to islet transplantation. 
 
 
4.1 CLINICAL NEED 

This section examines the incidence and prevalence of type 1 diabetes in Australia leading to an 
estimate of the subgroup of type 1 diabetes patients that may suffer from severe hypoglycaemia 
unawareness.  It also describes the expected utilisation/demand of pancreas islet transplantation. 
 

4.1.1 Epidemiology 

It is estimated that in Australia over 818,200 persons (4% of the population) in 2007–08 had 
been told by a doctor or nurse that they had diabetes (excluding those with gestational 
diabetes)(27).  Of this type 1 diabetes accounts for 10%-13%(28) of people with diabetes in 
Australia.  However limited information is available that can be used to accurately determine the 
number of people in Australia with type 1 diabetes.  The Australian Institute of Health and 
Welfare refers to the National Diabetes Service Scheme data which estimated that, at 30th 
September 2006, there were 122,300 people in Australia with type 1 diabetes(28).  However, it is 
likely that a proportion of these people have type 2 diabetes rather than type 1. 
 
Based on data from the Australian Institute of Health and Welfare‘s (AIHW) National Diabetes 
Registry (NDR) from 2000-2006 the incidence of type 1 diabetes in children aged 0-14 was 6,000 
new cases.  This figure represents a higher rate compared with available data from other 
countries.  The incidence is also reported to be increasing in Australia at almost 3% per year.  
Type 1 diabetes can also arise at any age, and for people aged 15 and over 9,000 new cases were 
reported from 2000-2006(29). 
 
Approximately 10% of type 1 diabetes patients are extremely sensitive to insulin therapy and lack 
counter-regulatory measures; this subgroup of patients is thus prone to recurrent severe 
hypoglycaemia(8).  The health-related quality of life worsens significantly in these patients because 
of the frequency of acute events and hospital admissions and the early recurrence of chronic 
complications(30).  Furthermore, it is estimated the incidence of hypoglycaemic events is about 
one to 1.6 episodes per patient-year of type 1 diabetes(31).  While many patients will not have a 
severe episode, about 7% of patients who experience hypoglycaemia have multiple episodes. 
 
Australian data has shown that sudden unexpected death, and death from unnatural causes were 
the most common cause of death in type 1 diabetes patients younger than 40 years of age, and 
the incidence was substantially higher than an age-sex-matched control population(32, 33).  Recent 
nationwide and regional reports have indicated that there is a 4.7 times excess mortality risk of 
death in patients diagnosed with type 1 diabetes under the age of 30 and that 7% to 10% of 
deaths in people with type 1 diabetes were the result of hypoglycaemia(34). 
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The submission for NFC status outlined two approaches for calculating the prevalence of severe 
hypoglycaemia in Australia including: 

 of the population of people with type 1 diabetes, it has been estimated about 3-4% have 
recurrent episodes of severe hypoglycaemia – this indicates between 1,500 and 2,000 people 
aged 30 to 60 may be affected; and 

 it has been estimated that about 5% of patients with a 20-30 year history of type 1 diabetes 
have lost their ability to detect severe hypoglycaemia – this indicates about 2,550 Australians 
between the ages of 30 and 60 may be affected. 

 
Current treatment for severe hypoglycaemia is imperfect.  Even with best practice about 5-10% 
of the 1,500 to 2,550 Australian patients will continue to experience severe and recurrent 
hypoglycaemia despite modifying their insulin therapy.  While it is this group (up to about 255 
Australians) that would potentially benefit from pancreas islet transplantation, many will be 
ineligible for islet transplantation because of co-morbidities or other contra-indications.  In 
general, the small group of people who may be eligible for the procedure are aged between 40 
and 60 years of age.  It is likely their condition has been unresponsive to efforts by their treating 
endocrinologist and diabetes educator to modify their insulin therapy to reduce hypoglycaemia.   
 

4.1.2 Expected utilisation/demand for islet transplantation 

It is estimated that up to 255 Australians may at any one time be experiencing severe metabolic 
instability and recurrent severe hypoglycaemia resulting from type 1 diabetes.  Of this group, 
some are not suitable for islet transplantation because of co-morbidities including diabetes-related 
renal disease.  Access to the ITP is further limited by the availability of suitable donated 
pancreata.  The number of pancreata donated in Australia is steadily increasing.  In 2003, 47 
pancreata were retrieved; 25 were used for whole pancreas transplant and six were used for islet 
transplantation.  In 2009, 110 pancreata were retrieved: 37 were used for whole pancreas 
transplant and nine were used for islet transplantation.  It is expected that the pancreata donor 
rate will continue to increase over the next three years. 
 
The ITP expect that up to 52 islet transplantations could be achieved during the next three years; 
that is on average 17.6 transplants for eight patients during each year.  It is also expected that this 
number could increase as a result of incremental improvements in the islet isolation procedure 
resulting from more effective enzymes being used in isolation process and improved tissue 
culture techniques.  The ITP anticipate that refinements in the islet isolation procedure will result 
in an increase in the number of islet preparations transplanted.  Currently one in every three islet 
isolations is transplanted, however, advice from the ITP is that within the next three years it may 
be possible that one in every two isolations will be transplanted.  
 
The major limiting factor is donor availability and the capacity to process pancreata to a standard 
suitable for transplantation.  Given current technologies only the worst affected people are 
eligible for the procedure.  Based on data from September 2010, 11 people are currently on the 
waiting list for islet transplantation.  However, the list is not a measure of need and is limited by 
what can be achieved in a reasonable time frame. 
 
As explained, islet transplantation is only viable for a select group of type 1 diabetes patients 
therefore increased demand is not likely to be significant in the next three years.  However several 
factors could impact on demand including: 
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 as a result of improving outcomes of islet transplant alone (ITA), there will be a heightened 
awareness of both referring endocrinologists and the general community - this may result in 
an increase in the number of referrals and hence transplants; 

 If ITA obtains NFC status, the credibility associated with NFC status will raise the profile of 
the ITP and may result in an increase in the number of appropriate referrals and hence 
transplants; and 

 promising outcomes of islet transplantation post kidney transplant internationally may mean 
the sub group of type 1 diabetes patients is increased to include patients who have had kidney 
transplants (currently the age criteria for pancreas with kidney transplant is less than 50 years 
of age; therefore patients over 50 years of age are only eligible for a kidney transplant – this 
patient population may be suitable for islet transplantation post kidney transplant). 

 
However, given the issues associated with donor supply, significant growth in the number of islet 
transplants is not expected within the next three years.  Thus the estimates of utilisation provided 
by the ITP (eight patients per year averaging 17.6 transplants per year for the next three years are 
considered reasonable). 
 
 
4.2 COMPARATOR/ALTERNATIVES 

This section presents the alternatives to pancreas islet transplantation and also summarises some 
recent literature comparing the different treatment approaches to pancreas islet transplantation 
for type 1 diabetes(15).   
 

4.2.1 Insulin therapy 

Currently, people with type 1 diabetes and severe hypoglycaemia unawareness are treated with 
insulin injections or insulin pumps.  These devices are focused on the artificial regulation of 
glucose by the administration of insulin.  The differences between the two methods are: 

 Insulin injection: the patient self-administers an appropriate dose of insulin by 
subcutaneous injection.  

 Insulin pump: this device delivers insulin through a needle implanted under the patient‘s 
skin, and administers continuous subcutaneous insulin infusion therapy.  While the pump 
provides more certainty for patients, they still need to monitor blood glucose and control 
carbohydrate intake.  The pump administers a basal dose of insulin continuously with 
additional bolus doses at meal times or when necessary to correct a high blood glucose levels.   

 
One study(35) was found that attempted to compare the effect of ITA with best medical therapy in 
patients with type 1 diabetes.  This single-centre, prospective study included patients who had 
evidence of secondary diabetic complications such as retinopathy or mild nephropathy.  Forty-
four patients received the intensive insulin therapy and 21 of them then received ITA.  Seventeen 
of the 21 ITA recipients became insulin independent following the procedure; however, longer-
term results were not available.  HbA1c levels were statistically significantly lower in the ITA 
group than in the medical treatment group. 
 
The Australian ITP has evaluated the efficacy of insulin pumps to correct hypoglycaemia 
unawareness and has shown that an insulin pump does not reduce the incidence of 
hypoglycaemia nor improve diabetic control in the cohort of patients that is suitable for ITA.  
This study has only recently been submitted for publication in the Australian Diabetes Society 
journal and as yet is not published. 
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4.2.2 Pancreas transplantation 

A pancreas transplant involves implanting a healthy pancreas (one that can produce insulin) into 
a person who has diabetes.  Because the pancreas is a vital organ, performing functions necessary 
in the digestion process, the recipient‘s native pancreas is left in place, and the donated pancreas 
is attached in a different location.  In the event of rejection of the new pancreas which would 
quickly cause life-threatening diabetes, the recipient could not survive without the native pancreas 
still in place.  The healthy pancreas comes from a donor who has just died or it may be a partial 
pancreas from a living donor.  
 
There are three main types of pancreas transplantation: 

 pancreas transplant alone, for the patient with type 1 diabetes who usually has severe, 
frequent hypoglycaemia, but adequate kidney function; 

 simultaneous pancreas-kidney transplant (SPK), when the pancreas and kidney are 
transplanted simultaneously from the same deceased donor; or 

 pancreas-after-kidney transplant (PAK), when a cadaveric, or deceased, donor pancreas 
transplant is performed after a previous, and different, living or deceased donor kidney 
transplant. 

 
Whole pancreas transplant has become accepted as an adjuvant therapy for subjects who are 
undergoing simultaneous kidney transplants(36).  Although occasionally used as a solitary pancreas 
transplant, the significant risks associated with whole organ transplantation usually limit its use to 
co-transplantation with other organs (mainly the kidney).  Pancreas transplant is still associated 
with significant morbidity in terms of surgical risk and high cost (e.g. the number of days spent in 
the hospital), but it is also associated with 86% graft survival(37).  SPK is suitable for patients with 
kidney failure, while islet transplantation is suitable for people with metabolic instability resulting 
from hypoglycaemia unawareness but good renal function, minor damage from diabetic 
nephropathy, normal weight and with no evidence of insulin resistance.   
 
Frank et al(38) conducted a retrospective analysis of a consecutive series of whole organ pancreas 
transplants (either SPK or PAK) and islet transplants (either ITA or islet transplant following 
kidney transplant) performed at a single centre.  Results were compared from 30 patients who 
received pancreas transplants and 13 patients who received islet transplants; however, no attempt 
was made to compare pancreas transplantation alone with islet transplantation alone.  No 
statistically significant difference in patient survival and graft survival between the islet transplant 
and the pancreas transplant groups was found.  Pancreas transplant was superior to islet 
transplant in terms of C-peptide levels, HbA1c levels, and insulin requirements, and in the 
duration of insulin independence achieved, if partially functioning islet grafts were included.  
However, no efficacy results were reported separately for islet transplantation recipients. 
 
Pancreas transplant patients experienced longer lengths of hospital stay, more readmissions, and 
more post-operative complications, but they exhibited a more durable state of normoglycaemia 
with greater insulin reserves(38).  In contrast, islet transplantation was associated with less 
procedure-related morbidity and shorter hospital stays, but achieving insulin independence by 
islet transplant proved to be more expensive than pancreas transplant mainly because of the 
requirement for multiple donors in order for the patient to gain insulin independence(38).   
 
In Australia since 2004, there have been five pancreas-alone transplants done and none since 
2007(39).  The one-year and five-year graft survival in this cohort is 20%.  Generally these patients 
are sensitised making re-transplantation (either with islets or a second pancreas graft) difficult or 
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impossible.  In Australia pancreas survival at 12 months is 80% for recipients of a simultaneous 
pancreas and kidney transplant; and 43% for recipients of a pancreas transplant alone.  Expert 
clinicians advised that pancreas transplant alone has been discontinued in Australia, thus it is not 
a treatment option for type 1 diabetes patients with severe hypoglycaemia unawareness. 
 
 
4.3 FUTURE ALTERNATIVES TO ISLET TRANSPLANTANTION  

This section presents an overview of potential future alternatives to islet transplantation including 
artificial pancreas, xenotransplantation and stem cell transplantation. 
 

4.3.1 Artificial pancreas 

The artificial pancreas is a technology in development to help people with diabetes automatically 
control their blood glucose level by providing the substitute endocrine functionality of a healthy 
pancreas.  The goal of the artificial pancreas is threefold: 

 to improve insulin replacement therapy until glycaemic control is practically normal as 
evident by the avoidance of the complications of hyperglycaemia,  

 to ease the burden of therapy for the insulin-dependent; and 

 to mimic normal stimulation of the liver by the pancreas. 
 
Different approaches under consideration include: 

 the medical equipment approach – using an insulin pump under closed loop control using 
real-time data from a continuous blood glucose sensor; 

 the bioengineering approach – the development of a bio-artificial pancreas consisting of a 
bio-compatible sheet of encapsulated beta cells – when surgically implanted, the islet sheet 
will behave as the endocrine pancreas and will be viable for years; 

 the stimulation of the liver through delivery of pulses of insulin as seen in normal pancreatic 
insulin stimulation of hepatic tissues; or 

 the gene therapy approach – the therapeutic infection of a diabetic person by a genetically 
engineered virus which causes a DNA change of intestinal cells to become insulin-producing 
cells. 

 
In France, a human clinical trial of an artificial pancreas is underway.  The system is fully 
automated by combining a long term glucose sensor and its implantable insulin pump.  In the 
United States in 2006, the Juvenile Diabetes Research Foundation (JDRF) launched a multi-year 
initiative to help accelerate the availability of an artificial pancreas to people with diabetes.   JDRF 
International has entered a partnership with Johnson and Johnson (manufacturers of insulin 
pumps) to develop and test an artificial pancreas.  It is expected a prototype may be ready for 
regulatory review in the USA by 2015.  
 

However, even a successful device would not eliminate the need for patients to continue to 
actively manage their blood glucose levels, including by informing the device about their 
carbohydrate intake and continuing to monitor blood glucose.  The artificial pancreas remains in 
the research and development phase and a clinically applicable device does not exist at present.  
As the technology does not yet exist it has not been evaluated as a treatment for hypoglycaemia 
unawareness and its effectiveness cannot be compared with islet transplantation.  Accordingly, it 
is not considered to be a viable alternative to islet transplantation within the period to which this 
HTA applies (i.e. the next three years). 
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4.3.2 Xenotransplantation 

Numerous alternative forms of insulin-secreting tissue have been suggested to replace human 
islets as a form of β-cell-replacement therapy(40).  One alternative is xeno-islets for transplantation, 
and the focus has rested on the feasibility of porcine islets for this purpose.  If suitable for 
transplantation into humans, porcine islets may offer a sustainable islet source; however, many 
obstacles exist, including antigenicity of porcine islets, especially due to the α-galactosyl antigen 
which is present in most non-human primates, infection with zoonoses (including PERV; pig 
endogenous retroviruses) and the potential aversion of some patients to the concept of 
xenotransplantation for psychosocial reasons(41-43). 
 
Significant advances have been made in the breeding of genetically modified pigs which are free 

of the major xeno-antigen α-galactosyl.  Islets isolated from such pigs show decreased 
antigenicity and increased survival in non-human primate models of islet transplantation(44).  
There are animal beta cell therapies under active investigation in New Zealand and in the USA.  
Clinical trials of porcine islet-like cells are limited to a handful of patients and its clinical efficacy 
is unclear.  It is likely to be many years (definitely more than three years) before islet 
xenotransplantation is an accepted clinical practice and it is estimated that it will be more than a 
decade before it might be superior to and safer than human islet transplantation. 
 

4.3.3 Stem cell transplantation 

Emerging clinical application of several alternatives for islet stem cells and genetic engineering of 
islet tissue to improve engraftment and function in vivo offer enormous future potential(45, 46). 
Specifically, differentiated and engineered cell lines have been an area of interest for their 
potential to act as insulin-secreting tissue suitable for cellular and regenerative therapy.  Several 
groups have focused on promoting differentiation of islet progenitor and ductal cells into insulin-
secreting tissue(47), whereas others believe that genetically engineering differentiated cells, such as 
adult hepatocytes, may be a suitable alternative to isolated human islets for transplantation(48, 49).  
 
Shimon Efrat has developed an immortalised transfected foetal hepatocyte cell line expressing 
the gene PDX-1, and these cells demonstrate physiological glucose-responsive insulin secretion 
sufficient to reverse diabetes in mice(50, 51).  However, none of these possible cellular therapies has 
completed pre-clinical testing and primate studies.  Clinical trials of such therapeutic strategies 
will probably proceed within the next 5–10 years.  Thus, stem cell therapy is not considered to be 
a viable alternative to islet transplantation within the period to which this HTA applies (i.e. the 
next three years). 
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5 
Experience with islet transplantation 

This Chapter reports on the international and national experience with islet transplantation.  It 
uses data from the Collaborative Islet Transplantation Registry and the available literature on the 
international experience with islet transplantation.  Additionally, the latest unpublished outcomes 
data on islet transplantation that was presented at the 13th World Congress of the International 
Pancreas and Islet Transplantation Association in Prague (1st-4th June, 2011) are described. 
 
 
5.1 COLLABORATIVE ISLET TRANSPLANTATION REGISTRY 

This section describes the data collected and shared by the Collaborative Islet Transplantation 
Registry (CITR) and some of the outcomes data published by the CITR. 
 

5.1.1 Overview of the Collaborative Islet Transplantation Registry 

The National Institute of Diabetes & Digestive & Kidney Diseases funded the CITR for data 
collection from North American programs to accumulate and compile the data from all 
completed and ongoing studies between 1999 and the present.  The JDRF has granted additional 
funding to include the participation of selected European and Australian centres.  The main 
vehicle of communicating accumulated results is the CITR Annual Report, the most recent being 
for 2009 which summarises information on patients who received one or more islet cell 
transplants between 1999 and 2008(52). 
 
Data reported to the CITR are abstracted from medical information that is routinely collected by 
investigators for scientific evaluations and for reports to the multiple agencies and entities 
required by US Food and Drug Administration (FDA) regulated trials or according to the 
requirements of the respective nation.  Detailed follow up data are abstracted pre-infusion and at 
six months, 12 months, and then annually post infusion.  At each new infusion, a new follow up 
schedule is established.  All grade 3, 4 and 5 adverse events, according to the Terminology 
Criteria for Adverse Events (TCAE) of the Clinical Islet Transplantation Consortium (CIT), and 
all serious adverse events (regardless of grade) are reported to CITR. 
 
The primary endpoints reported from the data are:  

 insulin independence; 
 HbA1c level <6.5%, 6.5% - <7.0%, or ≥7.0%; 
 C-peptide >0.5 ng/mL; 
 insulin independence and C-peptide >0.5 ng/mL; 
 severe hypoglycaemia; and 
 complete islet graft failure. 
 
Secondary endpoints reported from the data are: 

 average daily insulin and percentage of baseline insulin; 
 fasting plasma glucose, C-peptide and HbA1c levels; 
 laboratory indicators of primary complications of diabetes and major organ function; 
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 metabolic testing; and 
 secondary complications of diabetes. 
 
While the CITR represents the most comprehensive collection of data on the human islet 
transplantation experience since 1999, there may be uncontrollable biases and imbalances 
including selective reporting and differences in clinical care and decision-making.  The 2009 
report includes data on 81% (329/408) of all human islet allograft recipients and 81% (637/783) 
of all human islet allograft procedures conducted in North America from 1999-2008, as well as 
83 recipients of 182 human islet allograft infusions reported from three European and two 
Australian centres.  Regardless of any bias which may exist in the CITR data, it includes data on 
the majority of islet transplants that are undertaken internationally (thus the impact of any 
reporting bias would be small).  It is important to note that some countries (e.g. Germany and 
Japan) do not currently report any data to the CITR as they have not as yet been funded to do so. 
 

5.1.2 Outcomes data from the CITR 

Published data from the CITR confirms there have been ongoing and continuing improvements 
in pancreas islet graft function and survival.  Comparing the results achieved between 1999 and 
2004 with those achieved between 2005 and 2008, there have been improvements in insulin 
independence both at one year and three years: 

 at one year, 52% of post-2005 patients had achieved insulin independence, while 45% of pre-
2005 patients had achieved insulin independence; and 

 at three years, 42% of post-2005 patients had achieved insulin independence, while 25% of 
pre-2005 patients had achieved insulin independence. 

 
During the past decade islet transplantation has achieved ongoing improved outcomes with an 
enhanced safety profile.  This position is demonstrated in Figure 5.1 comparing basal c-peptide5 

rates of the pre-2005 patients (the E group) and the post-2005 patients (the L group).  It shows 
that at the three-year mark, patients transplanted between 2005 and 2008 had better graft 
function and less graft failures. 
 

Figure 5.1: Basal c-peptide rates of the early (E) and late (L) transplant recipients(52) 

 
 
The 2009 CITR report stated that islet transplantation continues to show short term benefits of 
insulin independence, normal or near normal HbA1c levels, sustained marked decrease in severe 
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hypoglycaemic episodes and a return of hypoglycaemia awareness(52).  Long-term primary efficacy 
and safety of immunosuppression as well as effects on secondary complications are less well 
understood.  The accumulated experience in islet transplantation indicates that the best 
candidates for islet transplantation are older recipients with better glycaemic control; close 
relationships between procurement, processing, and transplant teams as well as use of 
Daclizumab, Etanercept, and Calcineurin inhibitors are associated with favourable outcomes. 
 

The 2009 CITR report also stated that there have been no reports of procedure related or 
immunosuppression related deaths amongst 591 recipients for whom data has been collected.  In 
total there have been seven deaths and none have been related to the transplant procedure.  In 
Australia none of the transplant recipients have died.  Figure 5.2 shows the percentage of 
recipients who have experienced a serious adverse event (SAE) reported to the CITR.  In 
2007/2008 the incidence of serious adverse events had fallen to 33% of islet recipients as 
transplant centres gained increased experience with the procedure.  This figure needs to be 
compared with clinical trials for solid organ transplantation where the number of serious adverse 
events per recipient is greater than one per recipient. 
 

Figure 5.2: SAE in year one post first infusion by year of first infusion, all allograft participants(52) 

 
 
 
5.2 THE EDMONTON PROTOCOL 

In 2000, the seminal publication by Shapiro et al(3) from the University of Alberta, Edmonton, 
reported on seven consecutive and effective islet transplantations bringing with it huge optimism 
about a cure for type 1 diabetes.  The reason for success was linked to the development of the 
Edmonton protocol which led to the successful islet transplantations.  Key aspects of the 
protocol include: 

 selection of patients with life-threatening hypoglycaemia episodes, hypoglycaemia 
unawareness, and brittle diabetes but without end-stage renal disease; 

 delivery of an adequate number of viable islet cells (minimum 10,000 islet equivalent/kg, 
usually from two to four donors); 

 preparation of islet cells in xenoprotein-free medium, limitation of prolonged cold ischemia, 
and transplantation of freshly harvested islet cells without culture; and 



HealthConsult 

NFC Reference Group  Page 30 

HTA of the proposal to establish an islet transplantation procedure as a nationally funded centre  

Final Assessment Report 

 a less diabetogenic, glucocorticoid-free immunosuppression regimen consisting of induction 
with daclizumab (anti-interleukin-2 receptor monoclonal antibody) and maintenance with low 
dose tacrolimus and high dose sirolimus. 

 
Since the reporting of the initial success of the Edmonton protocol, many clinical centres 
worldwide have initiated or continued islet transplant programs.  An estimated 652 patients were 
treated with islet transplantation at 47 institutions worldwide between 1999 and 2005(53).  
However, some clinical practical difficulties have been encountered as a result of the widespread 
adoption of the Edmonton protocol over the last few years including(15): 

 the requirement of adequate islets prepared from two to four donors limits the widespread 
use of the Edmonton protocol; 

 transplantation of fresh islets immediately after isolation is not possible for those clinical 
centres where there is no capacity to prepare islets from donors;  

 sirolimus and tacrolimus are associated with nephropathy, hyperlipidaemia, and anaemia; all 
potentially increasing cardiovascular risk in the long term; and 

 the original Edmonton protocol applied very stringent patient selection criteria; only a small 
portion of patients with type 1 diabetes would therefore be suitable candidates for the 
Edmonton protocol. 

 
In response to these issues, further developments to the Edmonton Protocol have been made 
including the culturing of islets prior to transplantation; pancreas transportation on a ‗two layer‘ 
oxygenated perfluorodecalin (organ preservation method); use of an infusion bag for gravity 
infusion rather than syringe injection into the portal vein; using islets prepared from a single 
donor rather than from multiple donor organs; and change of sirolimus and tacroliumus based 
immunosuppressive regime to other drugs such as mycophenolate mofetil (MMF) to avoid the 
side effects of sirolimus(8, 15).   
 
The first seven patients, who were insulin free from the Edmonton group, had normal or nearly 
normal levels of glucose and HbA1c.  Over two years the series grew to 17 patients, 14 (86%) of 
whom were c-peptide positive and 11 of whom remained insulin free, although two were using 
oral hypoglycaemic agents(54).  By 2005, the Edmonton series had grown to 66 patients, 85% of 
whom were c-peptide positive but only 15% of whom were insulin-free.  The 85% who were 
again using insulin, were reported to be using less than they had pre-transplantation(54).  Using 
these data the median time to a return to insulin therapy was calculated to be 15 months(21). 
 
An international multicentre trial of the Edmonton Protocol for islet transplantation was 
convened by the Immune Tolerance Network (ITN).  The goal was to establish the fidelity with 
which nine centres in Canada, the USA and Europe could reproduce the initial Edmonton 
results.  The research paper published in 2006(55) reported that of the 36 type 1 diabetic subjects 
studied, 44% (18) achieved the primary end point of insulin independence with adequate 
glycaemic control one year after islet transplantation.  Of these, 12 (67%) subjects were successful 
at one year post transplant at sites where four or more patients had been transplanted in the 
preceding two years.  The study highlighted that previous experience with islet transplantation at 
the various research sites was strongly associated with success in achieving the primary end 
points.  The authors concluded that at that time, the procedure remained more research based 
than one that is generally applicable to treating patients with type 1 diabetes. 
 
During the past decade others reported results that were generally in agreement with the 
Edmonton and ITN outcomes(56-59).  These groups used more or less the same Edmonton 
protocol.  The overall conclusion from these studies is that islet transplantation can be 



HealthConsult 

NFC Reference Group  Page 31 

HTA of the proposal to establish an islet transplantation procedure as a nationally funded centre  

Final Assessment Report 

considered largely successful at one year with a decline thereafter to an average success rate 
(measured by insulin-independence and at least nearly normal glycaemia) of 50% at various times 
during the second year, and appreciably less at five years post transplant(21).  One of the main 
barriers to islet transplantation is the need to use powerful immunosuppressive drugs with 
significant side effects.  Current research is dominated by the search for less toxic drugs so that 
the pancreas islet transplantation approach can become more clinically acceptable(21).  The current 
state of islet transplantation following the Edmonton Protocol represents substantial progress.  
The field has progressed learning about isolating and culturing islets, identifying safe and 
physiological sites for transplantation, modifying the immunosuppressive drug therapy so that it 
is less toxic to islet cells, meeting environmental needs for physiological islet cell function, and 
selecting more appropriate patients for islet cell replacement(21). 
 
 
5.3 INTERNATIONAL ISLET TRANSPLANTATION EXPERIENCE 

Based on our research, 11 countries (including Australia) offer islet transplantation and eight 
contribute to the CITR.  It is understood that Japan, Germany and the Czech Republic currently 
do not submit data to the CITR for the following reasons: they are not funded to do so or, the 
islet transplantation process is not comparable to international practice (e.g. Japan uses pancreata 
from cadaveric donors without a heart beat) or they are programs in their infancy with 
insufficient data to submit to the CITR).  There is also the possibility that China and Brazil have 
established islet transplantation program however this information was provided by practising 
clinicians and could not be confirmed through our research.  The remainder of this section 
presents information on the current status of islet transplantation (including the source of 
funding for the ITA procedure) in each of the eight countries that report data to the CITR. 
 

5.3.1 United Kingdom 

Islet transplantation was approved for National Health Service (NHS) patients on 11th February 
2008, and government funding has been provided for six centres across the UK including:(60) 

 Oxford Radcliffe Hospitals NHS Foundation Trust;  
 Royal Free Hospital, London;  
 King‘s College Hospital, London;  
 Newcastle-upon-Tyne Hospitals NHS Trust;  
 North Bristol NHS Trust; and 
 Central Manchester and Manchester Children‘s NHS Trust. 
 
The NHS have funded two islet isolation laboratories, one in London jointly at King‘s College 
Hospital and the Royal Free, and one in Oxford.  They are available 24 hours a day to receive 
donor pancreas and prepare islet cells for transplantation(61).  The remaining three centres are 
transplant centres only.  The NHS made £2.34 million available in the first year for around 
twenty transplants to be completed (approximately £117,000 or AUD$180,000 per transplant).  
In addition up to £7.32 million was planned annually for the longer term need, at which point it 
is hoped that around 80 patients will be transplanted per year (approximately £91,500 or 
AUD$141,000 per transplant).   
 
The UK National Institute for Health and Clinical Excellence has released guidance documents 
and patient information on autologous and allogeneic islet transplantation(62).  The guidelines 
outline patient selection, the procedure, and provide evidence of efficacy and safety.  According 
to the guidelines, the evidence on allogeneic pancreatic islet cell transplantation for type 1 
diabetes mellitus shows short term efficacy with some evidence of long term efficacy.  The 
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evidence on safety shows that serious complications may occur as a result of the procedure.  The 
long term immunosuppression required is also associated with a risk of adverse events.  The 
guidelines also state that patient selection for this procedure should involve a multidisciplinary 
team.  Selection criteria should also take into account that the procedure is particularly indicated 
for patients with hypoglycaemia unawareness and/or those already on immunosuppressive 
therapy because of renal transplantation.   
 

5.3.2 United States of America 

Islet cells are subject to regulation by the United Stated (US) Food and Drug Administration 
(FDA), which classifies allogeneic islet cell transplantation as somatic cell therapy, requiring 
premarket approval.  Islet cells also meet the definition of a drug under the Federal Food, Drug, 
and Cosmetic Act.  The FDA has released an Industry Guidance document which addresses 
manufacturing quality control, preclinical considerations and protocols for clinical studies.  The 
US FDA is actively engaged in a number of current trials, which are fully-funded by the national 
government through the National Institute of Health (NIH)(63).   
 
In the US, allogeneic pancreatic islets meet FDA criteria for regulation as both a drug and a 
biologic product; therefore, islets cannot be used clinically without an investigational new drug 
(IND) application or an approved biologics license application (BLA)(64).  The FDA provides 
guidance to assist centres by identifying data and information during IND studies that might be 
helpful in establishing the safety, purity and potency of a biological product.(65)  The BLA is a 
request for permission to introduce, or deliver for introduction, a biologic product into interstate 
commerce.  At present, the use of allogeneic islets for the treatment of type 1 diabetes is 
investigational and is only used in clinical trials under IND application.(64)   
 
According to an early HTA at least 35 IND applications have been submitted to the FDA and no 
centre has yet to submit a biologics license application.  To our knowledge this situation has 
remained unchanged as of September 2009(66).  More recent information on BLA approval was 
not found(67).  Individual transplant units initiate their own independent research protocols to 
advance the field of islet transplantation.  Through the NIH‘s Collaborative Islet Transplant 
network, data are being collected which will support licensing of islet transplantation by the 
FDA.  Furthermore, the classification of islet cells as a biologic mandates that any centre that 
retrieves or processes islets from cadaveric donors develop and maintain a facility regulated as a 
―manufacturing facility‖ under the current Good Manufacturing Practices and monitoring 
processes for all such facilities.(68) 
 
In 2008 there were 14 islet transplantation units in the US that reported data to the CITR.  At 
least one other unit exists however no data has been reported to the CITR.  In 2003 a 
congressional mandate directed the NIH to pay (via the Centers for Medicare and Medicaid 
Services) for pancreata acquisition for Medicare participants in the NIH-funded Clinical Islet 
Transplantation (CIT) trial.  Currently, centres enrolled in the CIT trial are well funded, but there 
is concern that programs outside CIT, reliant on private funding, are having problems.  As cited 
in a 2008 American Journal of Transplantation white paper,(69) the cost for these multiple pancreata 
can run as high as $180,000.  
 

5.3.3 Canada 

Some of the world leaders in islet transplantation work at the University of Alberta, Edmonton, 
and were responsible for the breakthrough ―Edmonton Protocol‖, which eliminated the use of 
steroids in immunosuppression following islet transplantation and increased the number of islets 
used in each transplant.  A new Canadian centre is being established at Vancouver under the 
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British Colombia Transplant Society.  The centre includes the Ike Barber Human Islet Transplant 
Laboratory which is currently recruiting patients to a study that is trying to determine who will 
benefit from islet transplantation compared to standard medical care.(70)  
 
In June 2007, Health Canada released a new regulatory framework entitled Safety of Human Cells, 
Tissues and Organs for Transplantation Regulations, which is administrated by the Biological and 
Genetic Therapies Directorate, Health Products and Food Branch.(71)  The framework states that 
the use of allogeneic islet cells for transplantation should follow these regulations in terms of 
processing, storage, record keeping, distribution, importation, error, accident, and adverse 
reaction investigation reporting.  Both Canadian centres are registered Cells, Tissues and Organs 
(CTO) Establishments.(71)   
 
According to the 2008 Canadian Diabetes Association Clinical Practice Guidelines for the 
Prevention and Management of Diabetes in Canada,(72) ―islet transplant can result in transient 
insulin independence and can reliably stabilise blood glucose concentrations in people with 
glycaemic liability.‖  On the basis of the results from the Edmonton five year follow up study,(13) 
the Guidelines recommended that islet transplant may be considered for individuals with type 1 
diabetes with preserved renal function, but with persistent metabolic instability characterised by 
severe glycaemic liability and/or severe hypoglycaemia unawareness despite best efforts to 
optimise glycaemic control.  The Guidelines also recommend that for each individual the risks of 
immunosuppression must be carefully weighed against the potential benefits of islet transplant. 
 
The national Canadian Government funds most of the islet transplantation procedure.  Patients 
are covered for some costs under provincial insurance, although as each province has separate 
medical insurance policies the arrangements vary between the provinces.  In Alberta the 
procedure is fully funded by the provincial government.  Based on organ shipping across 
provinces, there are charge backs depending on which province received more organs.  Overall 
the financial burden on transplant centres is not high, since the majority of costs are covered by 
either the provincial or federal government. 
 

5.3.4 Europe 

Five European countries provide islet transplantation programs: 

 Sweden: The CITR identifies one transplant centre and isolation centre in Sweden.  The 
government has funded the infrastructure to process human islets.  National healthcare 
covers the costs of the transplant procedure, follow up and hospital stay.  However, the 
Swedish government is in the process of setting the price of the islet product, shipping, and 
isolation.  These costs are not covered by healthcare and are covered separately (e.g. through 
research grants).  For islet transplants the pancreata are treated the same as for whole 
pancreas transplantation and hence the organ costs are covered by the government). 

 Belgium: There is one transplant centre and one isolation laboratory in Belgium.  The 
national government funds half the procedure.  The other half is funded by the patient. 

 France: There is one transplant centre and one isolation laboratory in France.  The national 
government has announced it will fund a cost-benefit study comparing islet transplantation 
with intensive insulin treatment.  The study will cover costs for participants.  

 Italy: There is one transplant centre and one isolation laboratory in Milan.  Only the costs of 
organ retrieval are funded by government.  The process is regulated as a tissue product.   

 Switzerland: There is one transplant centre and one isolation laboratory in Switzerland.  The 
costs of organ retrieval are funded by government and the process is regulated as a tissue 
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product.  Recently the Swiss government agreed to fund islet after kidney (IAK) 
transplantations.  Switzerland is now the biggest provider of IAK in the world.  

 
 
5.4 INTERNATIONAL PANCREAS AND ISLET TRANSPLANT ASSOCIATION 

The current published literature on the safety and clinical effectiveness of islet transplantation 
lags behind current clinical practice.  Even the richest data set, found in the CITR, is at least two 
years out of date at the time of publication.  Therefore this section provides an overview of a few 
of the abstracts presented at the 13th World Congress of the International Pancreas and Islet 
Transplantation Association (IPITA) which was held in Prague.  These abstracts represent the 
most up-to-date data (although not currently published in peer reviewed journals) on the safety 
and clinical effectiveness of islet transplantation. 
 

5.4.1 Five year results of islet transplantation alone match pancreas alone 

As the utility of clinical islet transplantation has been questioned mostly because of the fact that 
not all patients obtain or retain insulin independence, Shapiro and colleagues(14) assessed whether 
a potent T-cell depletion induction with alemtuzumab, and TAC/MMF would offer more 
durable immune protection and would be better tolerated than sirolimus.  Twenty four patients 
received single islet-alone transplants followed by the new immunosuppression regime of which 
92% remain C-peptide positive with good control after five years of follow up. 
 
Five of these patients are currently awaiting a second infusion or are weaning from insulin 
therapy.  Of the remaining 19 patients, 14 (74%) remain insulin independent after one islet 
transplant.  This compares to 15% of patients with insulin independence using the Edmonton 
Protocol.  Furthermore 65% of subjects treated with alemtuzumab and TAC/MMF achieved 
normal metabolic reserve compared to 12% with the Edmonton Protocol.  The authors 
concluded that potent T-depletion with alemtuzumab and TAC/MMF induced a protective 
immune response with substantially improved insulin independence rates that now compare 
favourably with those of pancreas alone transplantation. 
 
Shapiro(73) in another presentation, reported that the latest CITR data which contains five year 
results suggest a marked improvement in outcomes compared to the original Edmonton protocol 
series.  He reports that critical components to success are sufficient islet implantation mass, in a 
non-primed recipient that is not HLA-sensitised to the donor, and does not have excess 
autoimmune reactivity.  Key components to immunosuppression appear to be adequate levels of 
calcineurin inhibition, coupled with potent T-cell induction.   
 

5.4.2 Islet transplantation and dysglycaemia  

A study(74) in France followed 23 consecutive patients (nine uremic and 14 non-uremic) who 
received islet transplantation with the Edmonton immunosuppression protocol between 2003 
and 2007.  The objective was to study the influence of this approach on dysglycaemia in patients 
with type 1 diabetes.  At three years, 19 patients had a functional graft (83%) and 10 were insulin 
independent with HbA1c ≤ 6.5% (48%).  All components of dysglycaemia were significantly 
improved in the cohort versus baseline values including improvements in HbA1c, mean glucose 
and time spent in hyperglycaemia and hypoglycaemia.  The authors concluded that restoration of 
endogenous insulin secretion by islet transplantation improved all components of type 1 diabetes 
dysglycaemia in a reciprocal but distinct relation with graft function.   
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5.4.3 Islet transplantation versus best medical therapy 

Warnock(75) reported on some recent findings from a prospective crossover cohort study of best 
medical therapy (BMT) versus islet transplantation alone (ITA) looking specifically at outcomes 
of renal function, retinopathy and neuropathy.  Study subjects were enrolled in BMT then 
crossed over to ITA when islet donation became available.  Transplantation was performed by 
portal venous embolisation of greater than 10,000 islet equivalents/kg body weight from multiple 
donors under cover of immunosuppression with antithymocyte globulin, tacrolimus and 
mycophenolate.  Results of the data analysis with five years of follow up demonstrated that the 
rate of decline in glomerular filtration rate was slower after ITA than for BMT.  Retinopathy 
progressed significantly more in the BMT group and there was a trend to improve nerve 
conduction velocity after ITA which did not achieve statistical significance.  The authors 
concluded that ITA is associated with slower progression of microvascular complications 
compared with BMT. 
 

5.4.4 Summary of findings 

Overall the abstracts presented at the IPITA indicate improved outcomes for islet transplantation 
since the last CITR report.  With improvements in immunosuppression protocols, improved islet 
isolation techniques and refined donor pancreas selection criteria the number of patients with 
improved glycaemic control, insulin independence and long term graft survival are increasing.  As 
the years go on, more follow up data is being gathered by the CITR.  The latest data, although 
unpublished, suggests that for a select group of patients experiencing severe hypoglycaemic 
episodes (without renal failure) that islet transplantation offers clinically effective outcomes that 
would not otherwise be possible using other approaches, including the gold standard of insulin 
pump therapy. 
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6 
Pancreas islet transplantation model in Australia 

This Chapter describes the Islet Transplantation Program (ITP) in Australia including the 
Consortium, the patient eligibility and referral criteria used, as well as discussing the impact islet 
transplantation has had on Australian patients.  This Chapter also presents an overview of the 
regulatory process which applies to the islet isolation centres. 
 
 
6.1 HISTORY OF ISLET TRANSPLANTATION IN AUSTRALIA 

Australia‘s first successful clinical islet transplant was in 2002, when a pilot trial of six recipients 
(all had type 1 diabetes for over five years and documented episodes of repeated severe 
hypoglycaemia) was undertaken at Westmead Hospital.  The ‗Edmonton Protocol‘ of tacrolimus 
and sirolimus in combination with Il-2R mAb induction therapy was used.  The results were 
published in 2006 by O‘Connell and colleagues from the National Pancreas Transplant Unit, 
Westmead Hospital(57).  The study identified that 80% of patients achieved graft function, with 
33% achieving insulin independence for two years.  Three patients became insulin independent, 
with excellent glycaemic control.  Two had islet function with circulating C-peptide, improved 
glycaemic control, reduced insulin requirement and abolition of severe hypoglycaemia.  After a 
two-year period, graft function deteriorated.  Recipients who were initially insulin free remained 
C-peptide positive but required supplemental insulin. 
 
In 2004, the Federal Government committed $30 million to fund Australian research into islet 
transplantation.  With funds from the Australian Government (administered by the JDRF) a new 
trial was undertaken by the Australian Islet Transplant Program Consortium.  The aim was to 
take islet transplantation from being an experimental procedure to being a treatment option 
available for a select group of patients with type I diabetes.  The core clinical research partners 
that make up the Consortium include: 

 the National Clinical Islet Transplantation Centre, Westmead Hospital, NSW; 
 Tom Mandel Islet Transplant Program, St. Vincent‘s Institute of Medical Research, Victoria; 
 South Australian and Northern Territory Transplant Program, The Royal Adelaide Hospital, 

South Australia. 
 
The Consortium consists of two islet isolation facilities and three patient referral and transplant 
centres, specifically: 

 Westmead Hospital provides an islet transplantation centre which is co-located with the 
isolation centre at Westmead Hospital; 

 St. Vincent‘s Institute provides an islet transplantation centre at St. Vincent‘s Hospital 
(Fitzroy), a short distance from the islet isolation centre at the Peter MacCallum Cancer 
Centre in East Melbourne; and 

 Royal Adelaide Hospital provides an islet transplantation centre which receives donated islets 
from the isolation centre in Melbourne or from Sydney and carries out its own quality control 
procedures (protocols have been established to use commercial or chartered flights to 
transport the islets within the required time). 
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The Consortium was established to develop multi-centre clinical studies, accompanied by 
mechanistic studies, which implement a single clinical islet transplantation protocol.  The 
Consortium shares information and resources to advance the field of islet transplantation.   
 
 
6.2 EXPERIENCE WITH ISLET TRANSPLANTATION IN AUSTRALIA 

Since December 2007 the Australian ITP has transplanted 14 patients with 29 infusions of islet 
cells.  Two patients have had one infusion, most have had two and four have had three.  All 
except one patient have had measurable C-peptide after transplant very significant reduction in 
the frequency and severity of hypoglycaemia.  The Australian data demonstrates patients have 
experienced sustained improvement in diabetic control after successful islet transplantation.  
Nine of the 13 patients have had a greater than 0.5% improvement in HbA1c at 12 months and 
six of nine patients had HbA1c readings less than 6.5%.  Furthermore, continuous blood glucose 
measurement shows correction of the fluctuations following islet transplantation, especially 
around mealtimes and including for those patients who were still taking some insulin. 
 

As stated, all patients except one had measurable C-peptide production, indicating endogenous 
insulin production, for over a year or to the time of follow up.  C-peptide is used as a measure or 
indicator of graft function.  As patients with Type 1 diabetes lack C-peptide the presence of C-
peptide after transplantation is a marker of viable islet graft.  Individual measurements of C-
peptide are difficult to interpret and C-peptide will rise in response to higher blood glucose levels.  
However, in Australia it has been observed that patients with C-peptide levels consistently above 
0.2 nmol/L have a clinical benefit with marked reduction in hypoglycaemia score, reduced insulin 
requirements and improvement in blood glucose levels. 
 
 
6.3 THE AUSTRALIAN MODEL 

This section describes the Islet Transplantation Program (ITP) in Australia including the recipient 
and donor model, the isolation centre model and the established quality assurance processes. 
 

6.3.1 The donor model of care in Australia 

Donor pancreata are allocated by a protocol established by the Transplantation Society of 
Australia and New Zealand (TSANZ), that includes allocations for both whole-organ and islet 
transplants.  Under the guidance of the National Organ and Tissue Authority, state-based organ 
procurement organisations seek consent for donation, transplant and/or research, determine the 
use of the organ according to the protocol, and provide data for tissue and blood group 
matching.  Serology and tissue-typing is carried out by the Australian Red Cross Blood Service as 
part of the matching process.  
 
The pancreas allocation policy is as follows: 

 Pancreata donated in NSW, ACT, Queensland, South Australia and Western Australia are 
initially offered to the Westmead National Pancreas Transplant Unit for consideration for 
simultaneous kidney and pancreas transplantation.  The Westmead Unit may not be able to 
use the organs because, for example, the donor pancreas is not suitable for whole pancreas 
transplantation; no suitable recipient is on the waiting list; and/or appropriate surgeons are 
not available for either retrieval or transplant procedure.  In this case, the Monash Pancreas 
Transplant Unit will receive the offer.  If they are also unable to use the pancreas, it is offered 
to the Islet Transplant Units (Westmead followed by St. Vincent‘s Melbourne, except that the 
majority of pancreata from South Australia are offered to the St. Vincent‘s Unit). 
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 Pancreata donated in Victoria or Tasmania are initially offered to the Monash Unit for 
consideration of simultaneous kidney and pancreas transplantation.  If the Monash Unit is 
unable to use the organs then the Westmead Unit will receive the offer, followed by the Islet 
Units (St. Vincent‘s Hospital Melbourne followed by Westmead Hospital). 

 
If the pancreas is accepted by the ITP, it is retrieved by the donor surgical team, immersed in 
preservation fluids and shipped to the nearest isolation centre (Westmead Hospital or Peter 
MacCallum Cancer Centre) by commercial or chartered flight.  Essentially the donor surgical 
procedure and preservation process is the same for whole pancreas and islet transplantation.  No 
more than six hours can elapse between cross-clamp and acceptance at an isolation centre. 
 
This process is used for the 200-230 donor organs available in Australia each year.  Currently 
about 35 donor pancreata per year are used for whole pancreas transplantation.  Some other 
donors are deemed unsuitable for islet isolation (e.g. the pancreas was damaged by trauma, the 
donor had diabetes, is outside the age criteria or has donated after cardiac death).  After these 
deductions, the number of organs qualifying for use in the ITP is less than 150 per year.  During 
2010, one in three islet preparations were suitable for transplantation, although the rate is 
improving as the teams gain more experience, particularly in the selection of organs which are 
likely to result in a successful transplantation.  
 

6.3.2 The recipient model of care in Australia 

The recipient model of care is summarised in Table 6.1. 

Table 6.1: Overview of the recipient model of care  

Stage in model Description of stage of recipient model of care 

Referral  Most patients are referred by their treating endocrinologist.  In general patients would be referred to one of the transplant 
centres as follows: 

 patients from Western Australia (WA), Northern Territory (NT), and South Australia (SA) would be referred to Royal 
Adelaide Hospital; 

 patients from Queensland (Qld), New South Wales (NSW) and Australian Capital Territory (ACT) would be referred 
to Westmead Hospital; and 

 patients from Victoria and Tasmania would be referred to the Victorian transplant centre at St. Vincent‘s Institute. 

Assessment  Patients are assessed for islet transplantation according to agreed criteria; 

 The assessment team includes: endocrinologists, nurses, nurse educators, psychologists, transplant physicians and 
surgeons, and trials coordinator; 

 Extensive investigations are undertaken including metabolic assessments, liver imaging and a cardiac stress test.  These 
investigations support: 

 evaluation of the patient‘s suitability for islet transplantation; 

 evaluation of the patient‘s capacity to undertake long term immunosuppressive therapies; and 

 assessment of the patient‘s capacity to recover from any complications of surgery. 

Waiting List  At the conclusion of the assessment process, patients are referred to the waiting list; 

 Patients are allocated to their geographically-closest transplant centre; 

 The criteria for acceptance and the waiting list criteria are reported to the Transplant Society of Australia and New 
Zealand (TSANZ), and are audited by the National Transplant Authority; 

 The Authority audits each transplant recommendation against the agreed criteria; and 

 While the recipient is on the waiting list, they are reviewed three-monthly by their transplant team. 

Allocation of 
islets to 
potential 
recipient 

 As organs become available, they are matched with potential recipients by each transplant centre: 

 Human Leukocyte Antigen (HLA) matching is not relevant for islet transplantation; 

 ABO blood group compatibility is necessary; 

 Complement-dependent lymphocytotoxic (CDC) cross match must be negative; 

 Absence of donor-specific antibodies must be confirmed by luminex; and 

 Provided the above criteria are met, time on waiting list will be used to determine who would be transplanted next. 

 Most patients will need to receive two or three transplants - each transplant containing the islets extracted from one 
pancreas;  

 Once the patient has received their first transplant, the islets extracted from the next available matching pancreas are 
allocated to that patient; and 
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Stage in model Description of stage of recipient model of care 

 An organ would be allocated to either: 

 a matched patient who is awaiting a second or third transplant; and 

 the matched patient who has longest waited for a first transplant. 

Transplant  The patient is admitted by the transplant team registrar on call (usually a renal registrar); 

 The patient is assessed by the surgeon, the transplant physician and the radiologist; 

 In Victoria, patients are sedated while in NSW and in SA the patient undergoes a general anaesthetic; 

 The transplant is carried out by a radiologist (Victorian model), the islets are transplanted using a percutaneous portal 
cannula.  If by a surgeon (NSW and SA model), then a mini-laparotomy is performed; 

 Following the procedure, the patient is transferred to the transplant ward, where they are monitored for about 48 hours.  
During this period, they receive infusions of anti-coagulants, dextrose and insulin; 

 Inpatient stay is typically two to three days; 

 For the first five days after the procedure the patient receives anti-thrombocyte globulin (ATG) therapy to prevent acute 
rejection, possibly as an outpatient; and 

 The patient needs to be near the transplant centre for about three months post transplant. 

Follow up  Patients are closely monitored by the transplant centre for at least three months post transplant; 

 If the graft is functioning, insulin therapy is progressively reduced and may ultimately be withdrawn; 

 After the three-month period, the patient is referred back to the care of their treating physician or general practitioner; 

 The patient is formally evaluated by the transplant centre at three months, six months and 12 months; and 

 Typically a patient at a review visit would see an endocrinologist, nurse educator, transplant physician and pharmacist.  
The team reviews the consistency of diabetic control, drug regimes, immunosuppression and side effects. 

Second 
transplant 

 In order to complete the procedure, patients need a second and occasionally a third transplant; and 

 It is preferable for later transplants to take place as soon as possible after the first transplant, so patients who have 
received their first transplant are given priority for allocation of suitable donor organs. 

 

6.3.3 The isolation centre model in Australia 

The ITP uses two laboratories as islet isolation centres: 

 Westmead Hospital – the operation of the laboratory is jointly funded by local users; and 

 St. Vincent‘s Institute – accesses the Peter MacCallum Cancer Centre laboratory on a fee-for-
service basis. 

 
Two staff members are needed to set up the laboratory, which can take up to two hours.  Good 
Manufacturing Practice (GMP) standards are adopted, and the process is subject to detailed 
quality control and documentation.  The initial isolation process takes between eight and ten 
hours, and up to four staff members are involved.  The isolation procedure is a complex multi-
step process that includes preparation of the pancreas and cannulation of the duct, infusion of 
collagenase, dissociation of the pancreas within a closed chamber, removal of the dissociated 
material from the chamber via a closed loop, quenching the reaction, washing and consolidating 
the material, separating the islets from the rest of the pancreas on a continuous gradient in a 
COBE centrifuge and recombining the purified islet fractions.   
 
Immediately after the isolation process the islets are counted and assessed for viability.  Islet 
isolations reaching predetermined criteria are placed in culture either in flasks or purpose-
designed culture bags and placed in incubators within the laboratory.  They remain in culture for 
24 hours.  The day after the isolation process the cultured islets are recombined into a single 
aliquot.  A representative sample is taken for quality assurance.  Specific assays are undertaken to 
assess islet number and purity, islet viability and function and absence of infection.  About seven 
assays are undertaken by three staff members working to a strict timetable.  Based on the results, 
a decision is made as to whether the islets are suitable for transplantation.  Islet cultures which 
meet the release criteria are placed in 150 ml of media and released for transplantation. 
 
The isolation centre model is standardised across the two sites.  The process used to isolate islets 
is largely identical and any differences are usually facility based and/or the result of one centre 
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testing a new operating procedure and if deemed successful is then rolled out in the other centre.  
As well as standardising best practice this approach is deemed necessary in the face of increased 
TGA regulatory requirements.  
 

6.3.4 The islet transplant model in Australia 

The recipient is advised when the isolation procedure has been completed, and requested to 
present themselves at the transplant centre.  If the patient is remote from the transplant centre, 
they may be advised once the isolation procedure has been completed, before the culture and re-
count has been carried out and it is confirmed that the isolation has achieved release criteria.  
Occasionally this earlier advice can result in a fruitless journey for the remote patients, but this 
process is necessary if the timing requirements are to be met.  
 
The patient is admitted by the transplant team registrar on call (usually a renal registrar).  The 
patient is assessed by the surgeon, the transplant physician and the radiologist.  The transplant 
team also includes an on-call pharmacist to support induction therapies which may use drugs that 
are not held in stock.  Slightly different anaesthetic regimes are adopted; in Victoria, patients are 
sedated, while in NSW and in SA the patient undergoes a general anaesthetic.  In either case, 
before the procedure commences there is an anaesthetic review and a central line is inserted.   
 
The transplant procedure itself is minimally invasive.  If it is carried out by a radiologist 
(Victoria), the islets are transplanted using a percutaneous portal cannula.  If by a surgeon (NSW 
and SA), then a mini-laparotomy is performed.  The main reason for the variation in procedure is 
due to historical arrangements and the availability of skills at each site.  Westmead was the first 
centre to perform islet transplantation and modelled the procedure on the Minneapolis model 
which involved transplantation by a surgeon.  Overtime some centres began to perform ITA with 
assistance from radiologists.  St. Vincent‘s had good support from the Radiology Department 
when they began the ITA procedure and hence chose to use this approach.  No difference in 
outcomes between the centres has been reported as a result of using the different methods.   
 
The islets are infused into the portal vein via a vascular cannula, and take up residence in the 
liver.  Following the procedure, the patient is transferred to the transplant ward, where they are 
monitored for about 48 hours, using a one-to-one barrier nursing model.  During this period, 
they receive infusions of anti-coagulants, dextrose and insulin.  Their inpatient stay is typically 
two to three days (consistent with the international data(39)), without the severe procedural related 
complications seen with pancreas transplantation, after which time they are discharged home or 
to on-site accommodation.  For the first five days after the procedure the patient receives ATG 
therapy to prevent acute rejection, possibly as an outpatient. 
 
The patient needs to be near the transplant centre for about three months post transplant.  They 
are reviewed daily for about one week post transplant, then thrice weekly for about two weeks.  
They are reviewed twice-weekly for a further two weeks, after which time they need to attend for 
weekly review for about three months. 
 

6.3.5 Quality assurance process 

The islet transplantation process is subject to high levels of quality assurance, backed up by 
detailed auditing which includes: 

 The matching of possible recipients with available organs is carried out in accordance with 
detailed criteria agreed by the Australian and New Zealand Transplant Authority.  Each 
match is audited against the criteria by the Authority. 
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 Management of the islet isolation facilities complies with Good Manufacturing Practice.  The 
Australian Government has recently mandated particular quality assurance regimes for cell-
based therapies, under the new Biologicals Framework (see section 6.7). 

 At each stage of the islet isolation procedure, detailed quality assurance steps are completed. 

 Before the isolated islets are infused into a patient, further quality control processes are 
completed, including another count of viable islet cells and exclusion of infection and 
endotoxins. 

 

6.3.6 Impact of islet transplantation on Australian patients 

Data from the Australian ITP shows that successful islet transplantation has a marked positive 
impact on patients‘ quality of life.  A comparison of quality of life and Edmonton Hypoglycaemia 
Scores was performed.  The initial results show that there is a strong correlation between 
improvement in quality of life and having a functioning graft.  The major concerns prior to 
transplantation were worry about capacity to work, loss of consciousness and development of 
complications.  Twelve months after transplantation there was a marked reduction in the level of 
concern in all these areas.  Several patients have been effusive about the impact on their quality 
of life of being free from hypoglycaemic episodes and written strongly positive testimonials.  
Most patients have been able to return to work, regain their driver‘s license, and been able to 
travel overseas.  None of this had been possible prior to islet transplantation.  
 
Table 6.2 lists the complications experienced by Australian patients who have had ITA.  All these 
complications were self-limiting with no long term sequelae. 
 
Table 6.2: Procedural and Immunosuppressive complications experienced by islet recipients in Australia(39) 

Type of Adverse Event Event Number 

Procedural Portal vein thrombosis (Partial) 1 

Haemorrhage 2 

Hypotension 1 

Immunosuppression Lymphopaenia (WCC < 3) 9 

Anaemia (Hb < 100g/L) 8 

Diarrhoea 5 

Hypertension 1 

Mouth Ulcers 2 

 
 
6.4 PATIENT SELECTION AND ELIGIBILITY  

Patients who are selected for islet transplantation have failed intensive medical management and 
insulin therapy and are deemed to be at highest risk for irreversible neurological damage and 
death from hypoglycaemia.  Generally, they will have had a 20 to 30 year history of type 1 
diabetes, and will be aged between 30 and 60(39).   
 
Although islet auto transplantation can easily control diabetes in pancreatectomised patients, 
failure of islet transplantation in type 1 diabetes patients is likely due to the diabetogenic toxicity 
of immunosuppressive therapy, and the autoimmune destruction of transplanted islets.  Inclusion 
factors for islet-alone transplantation have largely focused on subjects with unstable type 1 
diabetes.  These criteria have evolved jointly by the islet transplant and diabetology communities 
and are summarised in Table 6.3.  The inclusion and exclusion criteria presented are largely 
attributed to work completed by the NIH Clinical Islet Transplantation Consortium in 2005.   
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Table 6.3: Selected patient eligibility and exclusion for islet transplantation alone(8) 

Indications Exclusions 

 Type 1 diabetes mellitus 

 Intensive diabetes managementA 

 One of more severe hypoglycaemic eventsB 

 Plus one of the following three: 

 Reduced awareness of hypoglycaemiaC 

 Marked glycaemic liabilityD 

 Composite score > 75th percentileE 

 HbA1c > 10% 

 Uncreated proliferative retinopathy 

 Blood Pressure (BP) > 160/100 mm/Hg 

 Glomerular Filtration Rate (GFR) < 70 (females) or <80 

(males) ml-min-1 1.73 m-2 

 Present history of macroalbuminurea 

 Plasma Renin Activity > 20%  

 Severe cardiac disease 

 Desired pregnancy (female recipients) 

 Patient satisfaction with current management 
A Glucose testing three or more times/day, three or more insulin injections per day or on an insulin pump, as directed by an endocrinologist, diabetologist or diabetes 

specialist.  B In the past three years requiring assistance, blood glucose <50 mg/dl, intravenous glucose or glucagon.  C Hypoglycaemic score (Clarke score) ≥4 and 
HYPO score ≥90th percentile (≥1047) within the recent six months.  D Wide swings in blood glucose levels despite optimal diabetes therapy, defined as a glycaemic 

lability index ≥90th percentile (≥433) within or recent six months.  E Clark score ≥4, HYPO score ≥ 75th percentile (≥423) and LI ≥75th percentile (≥329). 

 
Objective measures to quantify the severity of both hypoglycaemia and metabolic liability have 
recently been introduced to ensure that islet transplantation is appropriately offered to patients 
with unstable type 1 diabetes after all alternative measures to correct instability have been 
exhausted.  The standard definition of severe hypoglycaemia is one which the patient requires 
outside help.  This subjective measure has limitations based on personal variation and does not 
account for multiple less severe hypoglycaemic events.  Ryan et al(76) report computation of a 
HYPO score (composite hypoglycaemic score) based on patient self-reported events; greater 
points are given based on neuroglycopenic over autonomic symptoms.  They also report on the 
use of the Lability Index (LI) which is a quantitative scale for the assessment of glycaemic control 
in islet transplant patients. 
 
Certain special cases may affect patient eligibility and clinical decision-making.  A prior renal 
transplant recipient who is already taking anti-rejection therapies to sustain the kidney graft; it is 
accepted that patients with type 1 diabetes and renal failure would benefit from a kidney–
pancreas transplant or an islet after kidney transplant(77).  The role of islet transplantation in the 
paediatric population has yet to be defined(8).   
 
ABO (A-, B- and O-blood group) compatibility and negative donor–recipient cross-match 
remain part of the release criteria for islets destined for transplantation.  The risk of infection of 
the recipient has been minimised through careful screening of donors for hepatitis B and C, and 
HIV.  CMV (cytomegalovirus) infection has previously been a challenge in solid organ donation, 
but is experienced extremely rarely in the case of islet transplantation(8). 
 
The risks associated with islet transplantation must be less than the risks of leaving the patient 
with diabetes.  For this reason, patients with very brittle diabetes or a severe reduction of 
hypoglycaemic awareness have been selected as suitable candidates for islet transplantation(36). 
 
 
6.5 CRITERIA FOR REFERRAL AND INCLUSION 

The Transplantation Society of Australia and New Zealand (TSANZ) have developed guidelines 
on patient eligibility for islet transplantation including criteria for referral to the National 
Pancreas Transplant Unit as well as inclusion criteria for islet transplantation(78).  Patients are 
reviewed by a pancreas transplant unit if they meet the following criteria: 

 type 1 diabetes with insulin dependence; 
 GFR < 30 mL/min; 
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 absence of significant cardiac disease or adequately treated cardiac disease; 
 patent iliac vessels bilaterally; 
 BMI < 35; and 
 age < 50 years. 
 
In the case of age, individual subjects > 50 years old may still be deemed eligible if they are 
otherwise very fit medically.  In the case of cardiovascular and/or iliac vessel disease, referral may 
still be considered if the referring team have a strong expectation that these problems can be 
significantly resolved. 
 
The Australian patient inclusion and exclusion for islet transplantation are described in Table 6.4. 
 

Table 6.4: Australian inclusion and exclusion criteria for islet transplantation(78) 

Inclusion Exclusions 

 type 1 diabetes for five years of more 

 age 18–65; 

 severe hypoglycaemic unawareness (documented blood sugar level 

[BSL] < 3mmol/l without awareness) that has not responded to 

optimal conventional insulin therapy, as assessed by an 

endocrinologist; 

 creatinine clearance > 75/mL/min/1.73m; 

 serum creatinine < 130 mmol/L; 

 24-hr urine protein estimation < 300 mg/day; 

 weight < 75 kg; 

 the patient has read and signed the informed consent form; 

 absence of donor reactive antibodies by Luminex and cytotoxic 

cross match; 

 willingness to use effective contraception measures; and 

 ability to understand the trial protocol and informed consent. 

 weight > 75 kg; 

 C-peptide response to arginine (5 g IV) — exclude any C-peptide 

greater or equal to 0.3 ng/mL at 2, 3, 4, 5, 7, and 10 minutes post 

infusion; 

 creatinine clearance < 75 mL/min/1.73 m; 

 serum creatinine > 130 mmol/L; 

 24-hr urine protein estimation >300 mg/day; 

 baseline haemoglobin (Hb) < 12 g/dL in women, or < 13 gm/dL 

in men; 

 baseline lung function tests (LFTs) outside of normal range; 

 insulin requirement > 0.7 IU/kg/day; 

 glycated haemoglobin (HbA1c) > 12%; 

 serum cholesterol > 10 mmol/l; 

 systemic corticosteroid usage; 

 treatment with terfenadine, cisapride, astemizole, pimozide, or 

ketoconazole (that is not discontinued prior to sirolimus 

administration); 

 a positive pregnancy test or desire to fall pregnant within the 

timeframe of the trial; 

 malignant disease other than localised and excised skin squamous 

cell or basal cell carcinoma; 

 hepatic disease, including any form of active viral hepatitis, portal 

venous abnormality or cirrhosis; 

 chronic pancreatitis; 

 significant cardiac disease including ischaemic and valvular heart 

disease; and 

 respiratory disease including clinically significant asthma, 

bronchiectasis or obstructive airways disease. 

 
It is anticipated that the inclusion and exclusion criteria will be modified over time with further 
improvements in the procedure and a greater understanding of success factors.  As an example 
islet transplantation has recently been conducted on a patient over 75kg.  Generally patients that 
meet the insulin requirement (<0.7IU/kg/day) are quite small however this is not always the 
case.  It is understood that the higher the insulin requirements the higher the number of islets 
required.  Improvements in islet yields over time will mean that patients with higher insulin 
requirement and/or greater than 75kg may be eligible for ITA.   
 
 
6.6 RELATIONSHIP WITH REFERRING PRACTITIONERS 

Most patients are referred by their treating endocrinologist.  In general patients are referred to 
one of the transplant centres as follows:  
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 patients from Western Australia, Northern Territory, and South Australia are referred to 
Royal Adelaide Hospital; 

 patients from Queensland, New South Wales and Australian Capital Territory are referred to 
Westmead Hospital; and  

 patients from Victoria and Tasmania are referred to the Victorian transplant centre at St. 
Vincent‘s Institute.  

 
Patients living outside Adelaide, Sydney or Melbourne may be transported to the transplant 
centre for assessments and workup, or the clinical team may travel to other hospitals to provide 
assessment clinics.  In order to reduce cost and inconvenience, locally-administered tests are 
accepted by the transplant centres. 
 
Through consultations with Australian clinicians, it is clear there is a need for more transparent 
and widely communicated information regarding the outcomes achieved by transplant centres.  
Clinicians require up-to-date information regarding treatment options and patient outcomes in 
order to appropriately advise patients and to inform referral decisions. 
 
 
6.7 OUTREACH SERVICES IN OTHER JURISDICTIONS 

The Consortium have stated that services will be offered to Australian residents regardless of 
their state or region of residence.  The ITP has demonstrated its capacity to provide an Australian 
wide service, and during the last four years the Consortium have transplanted five patients from 
Victoria, three from South Australia, two from Queensland, two from NSW, and one each from 
the ACT and regional Western Australia.  Most recently a patient from Tasmania received a 
transplant at the RAH.  However the Consortium is yet to establish outreach services to ensure 
equity of access across Australia.   
 
Clinicians engaged in the Australian ITP are aware of the outreach program of the Westmead 
National Pancreas Transplant Unit (WNPTU).  The WNPTU holds new patient assessment and 
post transplant review clinics in each state (except Victoria) as required by demand, but at least 
annually.  The clinic is held at a major referral centre.  A physician, surgeon, the coordinator, and 
senior nurse practitioner from the WNPTU attend.  Referring clinicians receive regular follow up 
information on their patients from unit clinicians.  Education sessions are held for patients.  
Resource material is provided to referring clinicians.  WNPTU staff also present lectures to 
health care professionals.   
 
The Consortium propose to use a similar model to WNPTU should they be successful in 
obtaining NFC status.  It is also anticipated that the ITP outreach program could leverage off the 
WNPTU outreach program and expand the range of services provided.  Some efficiency gains 
would be expected by running the outreach programs in conjunction with each other.  The ITP 
also suggested they would investigate the use of email tools and telehealth platforms to enhance 
communication between patients, health professionals and transplant centres. 
 
Consultations with clinicians outside of the ITP (e.g. endocrinologists, transplant surgeons, etc.) 
revealed that they were aware of the ITP and although some clinicians had a better understanding 
than others, all clinicians consulted were aware of the islet transplantation procedure.  Some 
clinicians expressed a lack of clarity regarding the referral criteria to the ITP and what support 
there was for patients not living in an ITP state post transplant.  Another issue raised was the 
limited access rural patients have to endocrinologists and therefore the ITP will need to consider 
methods to provide access to rural patients.  The ITP have been made aware of these issues and 
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although they have not actively promoted their service or established outreach programs, they are 
aware these issues will be need to be addressed if they obtain NFC status.   
 
 
6.8 TEACHING AND TRAINING REQUIREMENTS 

The ITP has established a large clinical network with expertise in all aspects of islet 
transplantation.  This process has involved training organ donor surgeons so that pancreata can 
be retrieved from every state; the development of highly trained laboratory staff in the specialised 
procedure of islet isolation; and the training of medical and nursing staff involved in pre and post 
transplant patient care. 
 
Considerable specialised training is required and this is largely done in-house and covers clinical 
aspects of the procedure as well as technical training surrounding islet isolation and GMP.  Some 
staff have been sent to international meetings and overseas centres to share information and learn 
from new processes and research.  Nurse and medical information sessions have been held at 
local and national scientific meetings.  Teaching and training is ongoing and constantly evolving 
as new research is disseminated and operating procedures are modified. 
 
 
6.9 CURRENT AND PROPOSED RESEARCH 

A range of pancreatic islet related research is being conducted in Australia most of which is 
funded by NHMRC and JDRF grants.  If consented, human islets not used for transplantation 
are usually allocated to research.  Importantly it is understood that all donor pancreas that are 
sent to the isolation laboratories undergo islet isolation with the intent of transplantation.  
However, if the islets isolated from the process are not suitable for transplant (e.g. if not enough 
islets are obtained) then the islets are provided to a research group if the donor has consented for 
their use in research. 
 
It is estimated (by Westmead clinicians) that approximately 60-70% of research is being 
conducted on pig islets and the remainder involves research associated with human islets.  Some 
of the current research includes: 

 improving immunosuppression regime; 
 improving immune tolerance (i.e. switching off T-cells);  
 identifying immune markers (i.e. blood tests to monitor rejections); 
 improving islets in culture; 
 protection mechanisms of the transplanted islet beta cells (e.g. to stop immune response such 

as inflammation and/or coagulation); and  
 secondary complications outcome studies (collaboration between St. Vincent‘s and 

Westmead). 
 
The ITP also collaborate with international centres (e.g. UK) to better align the collection of data 
on transplants with the aim of being able to directly compare outcomes which will ultimately lead 
to better patient outcomes.  The collaboration also allows larger patient numbers.  The low 
patient numbers in Australia impacts on publishing (i.e. multi-centre collaboration helps bolster 
patient numbers adding to the validity of studies).   
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6.10 REGULATORY REQUIREMENTS IN AUSTRALIA 

The Foundation for the Accreditation of Cellular Therapy (FACT) was established in 1994 by the 
International Society of Cell Therapy and the American Society for Blood and Marrow 
Transplantation.  FACT was charged with establishing and implementing accreditation programs 
based on merged standards from the two originating professional societies.  Standards established 
by FACT represent the best developed and most rigorous current principles guiding cell therapy 
which are derived from groups whose main interests are in haematopoietic stem cell 
transplantation.  For this reason, some argue they are not entirely appropriate for other cell and 
tissue therapy applications such as islet transplantation.  Despite this view, the FACT standards 
have been the basis for Australian guidelines drawn up by the National Pathology Accreditation 
Advisory Council for laboratory procedures related to the processing, storage and infusion of 
cells for transplantation or cell therapy.  A final version of these guidelines is yet to be released.   
 
In the meantime, the Therapeutic Goods Administration (TGA) has developed a framework for 
the regulation of cell and tissue therapies based on the complexity of manipulation.  The TGA 
intends to issue manufacturing licences for specific products based on compliance with 
manufacturing standards and provision of a technical master-file (TMF) for complex processes.  
The amendments to the Therapeutic Goods Regulations 1990 to create a new regulatory 
framework for biologicals were passed by Executive Council on 10th March 2011.  The 
biologicals framework commenced on the 31st May 2011.  All products within the scope of the 
framework need to comply with the requirements made under the new legislation, which include 
a three year transition period.  It is recommended that sponsors of biological products submit an 
application to the TGA to include their product in the Australian Register of Therapeutic Goods 
(ARTG) before 30th November 2012.  Under the transitional arrangements sponsors will be able 
to continue supplying such products beyond the three year transition period until the TGA 
makes a decision on the application.(79) 
 

The biologicals framework includes four classes of biologicals with the level of regulation based 
on risk, extent of manipulation applied to the biological, and whether the intended use is its usual 
biological function(80).  All biologicals will be subject to inclusion on the ARTG.  The definition 
of the four classes are as follows(80): 

 Class 1 biological means a biological that is mentioned in Schedule 16 as a Class 1 biological: 

 Class 2 biological means a biological that is: 

 both: processed using only one or more of the actions of minimal manipulation; and for 
homologous use; or 

 mentioned in Schedule 16 as a Class 2 biological; 

 Class 3 biological means a biological that is: 
 processed: using a method in addition to any of the actions of minimal manipulation; and 

in a way that does not change an inherent biochemical, physiological or immunological 
property; or 

 mentioned in Schedule 16 as a Class 3 biological; 

 Class 4 biological means a biological that is: 

 processed: using a method in addition to any of the actions of minimal manipulation; and 
in a way that changes an inherent biochemical, physiological or immunological property; 
or 

 mentioned in Schedule 16 as a Class 4 biological. 
 
The ITP made a submission to the TGA regarding the new Biologicals Framework(81).  At the 
time the ITP believed that islet isolation filled the criteria for classification as a Class 2 Product.  



HealthConsult 

NFC Reference Group  Page 47 

HTA of the proposal to establish an islet transplantation procedure as a nationally funded centre  

Final Assessment Report 

The ITP highlighted that islets are for homologous use only with no alterations through the 
isolation process and fall within the realm of minimal manipulation.  The ITP recommended that 
the definition of minimal manipulation should include dissociation enzymes/enzymatic 
breakdown of this tissue.  However, recent communiqué with the TGA suggests that cells that 
undergo enzymatic digestion are considered a Class 3 product.  Recent amendments to the 
Therapeutic Goods Regulations 1990 reflect this view as the definition of minimal manipulation now 
excludes dissociation enzymes/enzymatic breakdown of tissue.   
 
Further updates to legislation for the regulation of biologicals are expected to be published in the 
near future, including(79): 

 product standards will be available from late June 2011; and 
 update to the current Code of Good Manufacturing Practice for Blood and Tissues (2000) 

which will result in:  
 a new Code of Good Manufacturing Practice (GMP) for human blood, blood 

components, human tissues and human cellular therapy products, and  
 standards for minimisation of infectious disease transmission for human blood, blood 

components, human tissues and human cellular therapy products.  
 
The ITP is taking the necessary steps to ensure that essential infrastructure is in place to make 
sure the centres are able to meet the new TGA standards.  The increased quality and assurance 
systems will include environmental monitoring, material management, process controls, etc.  All 
these changes will impact on the cost of ITA but the actual cost is not yet known. 
 
At present TGA licences granted for cell and tissue products are not granted based on audit 
against established cell and tissue therapy standards but against the more generic code of GMP.  
Such licences are not a requirement for current cell and tissue therapy (including islet 
transplantation) and indeed reflect more generic compliance with GMP principles rather than the 
higher level compliance required by FACT (or its Australian counterpart) standards.  These 
licenses will be superseded with the introduction of the new biologicals framework.  
 

The Australian ITP has responded to this uncertainty by raising islet processing and laboratory 
standards to the level of FACT accreditation (or equivalent), rather than acquiring multiple 
licenses requiring lower standards that will need to be upgraded when government regulations are 
eventually implemented.  The ITP considers that implementing the new regulatory framework 
will be difficult, onerous and expensive. 
 
For TGA purposes islet transplantation falls within the Clinical Trial Notification (CTN) Scheme.  
This is one of two schemes under which clinical trials involving therapeutic goods may be 
conducted in Australia.  The other is the Clinical Trial Exemption (CTX) Scheme.  These 
schemes are used for clinical trials involving(82): 

 any product not entered on the Australian Register of Therapeutic Goods; or 
 use of a registered or listed product in a clinical trial beyond the conditions of its marketing 

approval. 
 
The CTN Scheme is a notification scheme.  All material relating to the proposed trial, including 
the trial protocol is submitted directly to the Human Research Ethics Committee (HREC) by the 
researcher at the request of the sponsor.  The TGA does not review any data relating to the 
clinical trial.  The HREC is responsible for assessing the scientific validity of the trial design, the 
safety and efficacy of the medicine or device and the ethical acceptability of the trial process, and 
for approval of the trial protocol.  The institution or organisation at which the trial will be 
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conducted, referred to as the ‗Approving Authority‘, gives the final approval for the conduct of 
the trial at the site, having due regard to advice from the HREC.(82) 
 
The CTX Scheme is an approval process.  A sponsor submits an application to conduct clinical 
trials to the TGA for evaluation and comment.  A TGA Delegate decides whether or not to 
object to the proposed Usage Guidelines for the product.  If an objection is raised, trials may not 
proceed until the objection has been addressed to the Delegate's satisfaction.  If no objection is 
raised, the sponsor may conduct any number of clinical trials under the CTX application without 
further assessment by the TGA, provided use of the product in the trials falls within the original 
approved Usage Guidelines.  Each trial conducted must be notified to the TGA(82). 
 
The TGA considers that the islet transplantation procedure experimental and it is classified as a 
CTN.  At this stage only an RCT proving efficacy would result in the procedure being listed on 
the TGA Registry.  With the introduction of the biological framework, the TGA is proposing 
that the existing CTN and CTX schemes will be retained, but adapted for biologicals. 
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7 
Safety and Clinical Effectiveness 

This Chapter presents the findings from the systematic literature review which was undertaken to 
seek answers to the clinical research question: ‗what is the safety and effectiveness of islet 
transplantation for type 1 diabetes patients with hypoglycaemia unawareness compared to 
medical management with insulin therapies or whole organ transplantation‘. 
 
 
7.1 SEARCH RESULTS 

This section describes the systematic review search results based on the search methodology 
developed and reported in Chapter 3. 
 

7.1.1 Existing HTA Reports 

Five English language HTA reports on islet transplantation for type 1 diabetes published between 
2003 and 2011 were identified by the search (see Appendix B)(67, 83-86)  The most recent HTA 
report was from the Institute of Health Economics (IHE), Alberta Canada(84).  The IHE report 
superseded the other reports, reviewing evidence to May 2008.  The IHE report was considered a 
high quality systematic review.  Data from studies in that HTA were used as the basis of this 
assessment.  No additional data extraction or reappraisal of individual study quality or 
applicability was undertaken.  A systematic review was also undertaken to include more recent 
studies.  This assessment takes the approach of summarising and updating the IHE report. 
 

7.1.2 Eligibility criteria for included studies 

The search strategy retrieved a total of 743 non-duplicate citations.  The citations were evaluated 
by one reviewer who determined whether the studies met the eligibility criteria as outlined in 
Chapter 3, Table 3.2.  All citations were checked by a second reviewer and discrepancies in the 
results of the screening process were resolved by discussion. 
 
The QUORUM flowchart presented in Figure 7.1 summarises the results of the literature search 
and the application of the study exclusion criteria.  The six publications and five studies that meet 
the criteria for inclusion in the review were the IHE HTA, a prospective cross-over cohort study 
and three case series.  A list of excluded studies is provided in Appendix E.  
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Figure 7.1: Summary of the processes used to identify and select studies for the review of primary studies 
published since 2008 (Adapted from Moher et al(87)) 

 
 
 
7.2 RESULTS OF ASSESSMENT 

This section presents the results of the systematic review, including a description of the studies 
identified in existing HTA reports and studies identified in the systematic literature review.   
 

7.2.1 Existing health technology assessment reports 

A search for existing HTA reports and published systematic reviews assessing islet cell 
transplantation in type 1 diabetes yielded five reports published between 2003 and 2011(67, 83-86) 
(listed in Appendix B), including the IHE report from Canada(84).  The IHE report was classified 
as a high quality systematic review.  The characteristics and quality assessment of that report are 
presented in Table 7.1. 
 
  

Potentially relevant studies identified 
in the literature search and screened 
for retrieval (n= 743)

Studies retrieved for more detailed 
evaluation (n=73)

Potentially appropriate studies to be
Included in the systematic review 
(n= 6)
• Number of unique studies (n=5)

Studies with usable information 
by outcome  (n=5)
• Systematic review/HTA (n=1)
• Primary studies (n= 4)

Studies excluded, with reasons (n= 
67)
• Wrong study type (n=14)
• Wrong patients (n=6)
• Wrong intervention (n=4)
• Wrong outcomes (n=19)
• Wrong language (n=1)
• Superseded HTA (n=8)
• Duplicate (n=2)

• Conference abstracts (n=13)

Studies excluded, with reasons (n= 
670)
• Wrong study type (n=602)
• Wrong patients (n=14)
• Wrong Intervention (n=53)

• Wrong outcomes (n=1)
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Table 7.1: Characteristics and appraisal of IHE report 

Author(reference) 
Country 

Objectives and methods Included studies 
Quality assessment of 

review 

Institute of 
Health 
Economics(84) 
Canada 

Objective: 
2. To assess clinical research evidence on the 

safety and efficacy/effectiveness of islet 
transplantation alone (ITA) for patients 
with non-uremic type 1 diabetes with 
severe hypoglycaemia or hypoglycaemia 
unawareness 

3. To assess research evidence on the 
comparability of ITA with intensive 
insulin therapy or whole organ pancreas 
transplantation in reducing hypoglycaemia 
episodes and restoring insulin 
independence in this group of patients 

Literature Review: 

 November 2002 to May 2008 

 Cochrane Library, PubMed, CRD 
Databases (DARE, HTA & NHS EED), 
EMBASE, Web of Science, and CINAHL 

 Limited to English language, full text 
articles and human studies.  

 Library collections, websites of various 
HTA agencies, research registers and 
clinical guidelines were also searched. 

Inclusion criteria 

 Study types: SR/HTA, RCTs, non-
randomised clinical trials, cohort studies, 
case control studies, case series studies 

 Population: >18 years, type-1 diabetes for 
>5 years with a history of severe 
hypoglycemia episodes or hypoglycemia 
unawareness, without end stage renal 
disease 

 Intervention: pancreatic islet 
allotransplantation alone using the 
Edmonton protocol or modifications of 
this protocol 

 Outcomes: safety (mortality, procedure 
related or immunosuppression related 
adverse events) and efficacy (insulin 
independence, insulin requirement, 
hypoglycemia, c-peptide, HbA1c, QoL, 
secondary complications of diabetes) 
Minimum 1 year follow up. 

Exclusion criteria 

 Studies only focused on technical aspects 
of islet cell isolation, purification, storage 
or delivery without any clinical outcomes 
or studies focused on comparing different 
protocols. 

14 primary studies met 
inclusion criteria,  

 11 case series 

 1 study which 
examined safety only 

 1 retrospective study 
which compared islet 
transplantation with 
whole organ pancreas 
transplantation 

 1 study which 
compared islet 
transplantation with 
intensive medical 
therapy. 

 

Quality: High 
Explicit review questions: 
Yes 
Explicit & appropriate 
eligibility criteria: Yes 
Explicit & comprehensive 
search strategy: Yes 
Quality of included studies 
appraised: Yes 
Methods of study appraisal 
reproducible: Yes 
Heterogeneity between 
studies assessed: N/A 
Summary of main results 
clear and appropriate: Yes 
 

 

7.2.2 Studies identified in the IHE report 

Data from the IHE report that were relevant to the current review were included in this 
assessment.  Studies providing relevant data in the IHE report included in this assessment were: 

 11 case series reporting on safety and efficacy(13, 55-57, 88-93) (listed as key studies in the IHE 
report);  

 an additional 11 citations reported on different outcomes such as safety(94-101), quality of life(58, 

102), or secondary complications(103) in the same patients as the primary reports;  

 one study which examined safety only(104); 
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 one retrospective study which compared islet transplantation with whole organ pancreas transplantation(38); and 

 one study which compared islet transplantation with intensive medical therapy(35, 105).  
 
Only the key studies reporting on the 11 case series were assessed for quality and therefore, only these studies are included in the present review, although 
some outcomes taken from reports on the same series are included (see Table 7.2).  The citations from the IHE report on the study comparing islet 
transplantation with intensive medical therapy(35, 105) are interim reports and the same study is included in two citations identified in our systematic literature 
search(106, 107). 
 

7.2.3 Studies identified in the systematic literature search 

The systematic review was conducted to identify primary studies published since the IHE report.  Our review identified four primary studies which included: 

 three case series(108-110) on safety and efficacy of which one(109) is an additional report from one of the key studies from the IHE study(88); and 

 one prospective, cross-over cohort (two citations) comparing islet transplantation with intensive medical therapy(106, 107). 

 

7.2.4 Study characteristics and appraisal 

The characteristics of studies included in the IHE report that provided data on the safety and effectiveness of islet transplantation, and are included in the 
current review are summarised in Table 7.2. 
 

Table 7.2: Characteristics of studies of islet transplantation included in the IHE report 

Author(reference) Country Design N Intervention Comparison Outcomes - Safety Outcomes - Effectiveness 

Badet et al(88) 
Multicentre (Switzerland, 
France) 

Case series 10 Islet culture 
1-2 infusions 
DAC, SIR, TAC 

SAEs related to infusion 
SAEs related to 
immunosuppression 

Insulin independence (1 year) 
Insulin requirement 
Hypoglycaemia 
C-peptide levels 
HbA1c levels 

Froud et al(56) 
Single centre (Miami, 
USA) 

Case series 16 Islet culture 
1-2 islet transplants (some from multiple 
donors) 
DAC, SIR, TAC 

SAEs related to infusion 
SAEs related to 
immunosuppression 

Insulin independence (1, 2 years) 
Insulin requirement 
Hypoglycaemia 
C-peptide levels 
HbA1c levels 
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Author(reference) Country Design N Intervention Comparison Outcomes - Safety Outcomes - Effectiveness 

Hering et al(111)  
Single centre 
(Minnesota, USA) 

Case series 6 Islet culture 
1 infusion 
Induction: hOK3γ (Ala-Ala), SIR 
Maintenance: SIR, TAC 

SAEs related to infusion 
SAEs related to 
immunosuppression 

Insulin independence (1 year) 
Insulin requirement 
Hypoglycaemia 
C-peptide levels 
HbA1c levels 

Hering et al(89) 
Single centre 
(Minnesota, USA) 

Case series 8 Islet culture 
1 infusion 
Induction: RATG, methylpredisolone, DAC, 
etanercept 
Maintenance: SIR, MMF or low dose TAC 

SAEs related to infusion 
SAEs related to 
immunosuppression 

Insulin independence (1 year) 
Hypoglycaemia 
C-peptide levels 
HbA1c levels 

Hirshberg et al(90) 
Single centre (NIH, 
USA) 

Case series 6 1-2 infusions 
DAC, SIR, TAC 

SAEs related to infusion 
SAEs related to 
immunosuppression 

Insulin independence (1 year) 
Insulin requirement 
Hypoglycaemia 
C-peptide levels 
HbA1c levels 

Keymeulen et al(91) 
Multicentre (Belgium) 

Case series 24 Islet culture 
1-2 infusions 
ATG, MMF, TAC 

SAEs related to infusion 
SAEs related to 
immunosuppression 

Insulin independence (1 year) 
Insulin requirement 
Hypoglycaemia 
C-peptide levels 
HbA1c levels 

Lee et al(92) 
Single centre (Huston, 
USA) 

Case series 12 1-3 infusions 
DAC, SIR, TAC 

SAEs related to infusion (Data from 
Barshes et al 2005a)  
SAEs related to 
immunosuppression 

Quality of life  (Data from Barshes et al 2005b)  
Secondary complications of diabetes 

Maffi et al(93) 
Single centre (Italy) 

Case series 19 Islet culture 
1-3 infusions 
DAC, SIR, TAC, MMF 

SAEs related to infusion (Data from 
Bertuzzi et al 2004)  
SAEs related to 
immunosuppression 

Insulin independence (1 year) 
Hypoglycaemia 
C-peptide levels 
HbA1c levels 
Secondary complications of diabetes (Data from 
Venturini et al 2006) 

O’Connell et al(57) 
Single centre (Australia) 

Case series 6 1-2 infusions 
DAC, SIR, TAC 

SAEs related to infusion 
SAEs related to 
immunosuppression 

Insulin independence (1, 2 years) 
Insulin requirement 
Hypoglycaemia 
C-peptide levels 
HbA1c levels 
Health related quality of life 
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Author(reference) Country Design N Intervention Comparison Outcomes - Safety Outcomes - Effectiveness 

Ryan et al(13) 
Single centre (Canada) 

Case series 65 Islet culture (69%) 
1-3 islet transplants 
DAC, SIR, TAC 

SAEs related to infusion 
SAEs related to 
immunosuppression 

Insulin independence (5 years) 
Insulin requirement 
Hypoglycaemia 
C-peptide levels 
HbA1c levels 
Secondary complications of diabetes 

Shapiro et al(55) 
Multicentre (America 
and Europe) 

Case series 36 No islet culture 
1-3 islet transplants 
DAC, SIR, TAC 

SAEs related to infusion 
SAEs related to 
immunosuppression 

Insulin independence (1, 2 years) 
Insulin requirement 
Hypoglycaemia 
C-peptide levels 
HbA1c levels 

 
Three additional primary studies published since May 2008 provided further data on the safety and effectiveness of islet transplantation.  One additional 
primary study(109) provided new outcomes for one of the key studies(88) included in the IHE report.  The characteristics and appraisal of these studies are 
presented in Table 7.3. 
 

Table 7.3: Characteristics and appraisal of studies of islet transplantation  

Author(reference) Country Design N Intervention Comparison Outcomes - Safety Outcomes - Effectiveness Quality and applicability 

Bellin et al(108) 
Single centre 
(Minnesota, USA) 

Case series 6 Islet culture 
1-2 islet transplants 
Induction: ATG, Enterocept 
Maintenance: CYCLO, 
Everolimus then MMF 

SAEs related to infusion 
SAEs related to 
immunosuppression 

Insulin independence (1, 2 years) 
Hypoglycaemia 
HbA1c levels 

NHMRC level of evidence: IV 
Quality FAIR 
Not reported whether patients 
were consecutively recruited 
Applicability FAIR 
Different immunosuppression 
regime 

Benhamou et al(109) 
Multicentre (France, 
Switzerland) 

Case series 10 Islet culture 
1-2 infusions 
DAC, SIR, TAC 

 Quality of life NHMRC level of evidence: IV 
Quality FAIR 
Not reported whether patients 
were consecutively recruited 
Applicability  HIGH 

Vantyghem et al(110) 
Single centre (France) 

Case series 14 Islet culture NA 
2-3 infusions 
DAC, SIR, TAC 

SAEs related to infusion 
SAEs related to 
immunosuppression 

Insulin independence (2 years) 
 

NHMRC level of evidence: IV 
Quality HIGH 
Applicability HIGH 



HealthConsult 

NFC Reference Group  Page 55 

HTA of the proposal to establish an islet transplantation procedure as a nationally funded centre  

Final Assessment Report 

Author(reference) Country Design N Intervention Comparison Outcomes - Safety Outcomes - Effectiveness Quality and applicability 

Warnock et al(107) 
Single centre (Canada) 

Prospective, 
cross over 

study 

50 Intervention 
Islet culture NA 
1-4 infusions 
Induction: ATG 
Maintenance: SIR or MMF, TAC 
Comparator: 
Intensive medical therapy 

SAEs related to 
immunosuppression 

Insulin requirement 
C-peptide levels 
HbA1c levels 
Secondary complications of 
diabetes 

NHMRC level of evidence: III-2 
Quality FAIR 
Selection for transplant group not 
clear, outcomes not blinded 
Applicability HIGH 

 
Three of the included studies were rated as high applicability(107, 109, 110), one had moderate applicability as the immunosuppression regime was dissimilar to the 
Edmonton protocol(108).  Two of the case series were rated as fair quality due to it being unclear whether patients were recruited consecutively(108, 109); the 
third case series was rated as high quality(110).  The cross-over study(107) was rated fair quality as the allocation to the treatment group (islet transplantation) 
was not clear and the outcome measures were not blinded.  As shown in Table 7.3, the studies reported a number of the primary outcomes. 
 
 
7.3 RESULTS FROM SAFETY ASSESSMENT 

Two aspects of safety were assessed: procedure related complications and immunosuppression related complications.  Furthermore, we considered changes 
in renal function and the immunosuppression regime post transplantation.  
 

7.3.1 Procedure related complications 

Procedure related risks include bleeding, thrombosis, biliary puncture, discomfort, transient rise in serum transaminase and arteriovenous fistulae.  Results 
regarding procedure related complications are presented in Table 7.4.  These results include the 11 key studies from the IHE and our updated HTA. 
 
None of the studies reported any peri-operative or post-operative deaths that occurred as a direct consequence of the ITA procedure.  Acute intra-peritoneal 
bleeding, portal vein thrombosis (mostly partial), and liver abnormality (increase in liver enzymes or presence of hepatic stenosis on imaging test) following 
the ITA procedure were observed in the majority of the studies.  In summary: 

 Bleeding:  In seven of the 11 IHE studies intra-peritoneal bleeding was reported, with rates ranging from 0 to 23%.  The majority of bleeding events 
required a blood transfusion or laparotomy.  The two studies identified in the systematic review did not report any bleeding events; however, they are 
small case series.  Nevertheless, it is possible that the rates of bleeding have declined over time, for example, Ryan et al(13) state that most of the 15 major 
bleeding episodes occurred in the early recruited patients, and that that the risk of bleeding had been resolved by effective sealing of the portal catheter. 

 Portal vein thrombosis:  In six of the 11 IHE studies portal vein thrombosis occurred, with rates ranging from 0 to 17% of the patients following ITA 
procedure.  The two studies identified in the systematic review did not report any portal vein thrombosis. 
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 Liver abnormality: Eight of the 11 IHE studies reported increase in liver enzyme following ITA procedure, with the event occurring in 10% to 100% 
of the patients.  Where measured, the rates of hepatic steatosis ranged from 8-33%.  The two studies identified in the systematic review also reported 
elevations of liver enzymes (21% and 100%). 

 Other: Vantyghem et al(110) reported one bile leak following percutaneous infusion and one mechanical bowel obstruction after surgical infusion, both 
required re-intervention.  Bellin et al(108) reported that two patients experienced symptomatic cholelithiasis or acute cholecystitis and required 
cholecystectomy 

 
Table 7.4: Procedure related complications 

Centre 
No. of 

patients 
Intraperitoneal bleeding Portal vein thrombosis Liver abnormality 

Quality and 
Applicability 

IHE(84) Badet(88) 10 1/10 patients (10%) Partial: 1/10 patients (10%) Liver transaminase elevation: 1/10 patients 
(10%) 

High quality 
systematic review 

Froud(56) 16 2/34 procedures (6%) 
(BT: 1 patient) 

0 Liver transaminase elevation: 34/34 procedures 
(100%) 
Hepatic steatosis on MRI: 1/13 patients (8%) 

Hering(89) 8 0 0 n/a 

Hering(111) 6 0 0 AST elevation: 4/6 patients (67%) 

Hirshberg(90) 6 1/6 patients (17%) (BT: 1) Partial: 1/6 patients (17%) n/a 

Keymeulen(91) 24 0 0 ALT elevation: 8/24 patients (33%) 

Data from Barshes(94). Same 
series as Lee(92)  

11 0 0 ALT elevation 11/11 patients (100%) 

Data from Bertuzzi(95). 
Same series as Maffi(93) 

14 3/14 patients (21%) Partial 1/14 patients (7%) AST & ALT elevation: 10/14 patients (71%) 

O‘Connell(57) 6 1/6 pts (17%) 
(BT and LP) 

Complete: 1/6 patients (17%) 
(withdrawn from the study) 
Partial: 1/6 patients (17%) 

ALT elevation: 6/6 patients (100%) 
Hepatic steatosis on ultrasound: 2/6 patients 
(33%) 

Ryan(13) 65 15/65 patients (23%) 
(BT: 7 occasions, LP: 2 patients) 

Partial: 5/65 patients (8%) AST elevation: 78% of procedures 
Hepatic steatosis on MRI: 8/36 patients (22%) 

Shapiro(55) 36 7/77 procedures (9%) 
(BT: 4, LP: 1) 

Complete: 0 
Partial: 2/36 patients (6%) 

Liver enzyme: NA 
Hepatic steatosis on MRI: 4/13 patients (31%) 

Bellin(108) 6 0 0 Transient elevation of liver enzymes: 6/6 
patients (100%) 

Fair quality 
Fair applicability 

Vantyghem(110) 14 0 0 Elevated liver enzymes: 3/14 patients (21%) High quality 
High applicability 

Notes: ALT: alanine aminotransferase; AST: aspartate aminotransaminase; BT: blood transfusion; LP: laparotomy; MRI: magnetic resonance imaging; NA: not available. 
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7.3.2 Immunosuppression related complications 

Immunosuppressive therapy is associated with many complications involving the haematological, cardiovascular, respiratory, renal, neurologic, and immune 
systems.  Since deterioration of kidney function following immunosuppressive therapy is of great clinical concern, data reported on kidney function and 
changes or withdrawal of immunosuppressive regimen due to their side effects are summarised in Table 7.5. 
 

Table 7.5: Immunosuppression related complications 

Author(reference) No. of patients Renal Function Immunosupressive regime 
Quality and 
Applicability 

IHE(84) Badet(88) 10 n/a Medication: DAC, SIR, TAC 
Change: 1/10 patients (10%) 
Discontinuation: 0 

High quality 
systematic 

review 

Froud(56) 16 Albuminuria: 5/16 patients (31%) macroalbuminuria 
sCr: increased in 2/16 patients (13%) 

Medication: DAC, SIR, TAC 
Change: 4/16 patients (25%) 
Discontinuation: 3/16 patients (19%) 

Hering(89)  8 No change in CrCl, no albuminuria Medication: RATG, methylpredisolone, DAC, etanercept, SIR, 
MMF, TAC 
Change/discontinuation: 0 

Hering(111) 6 Albuminuria: 2/6 patients (33%) (1 from normal to 
macroalbuminuria; 1 from micro- to macroalbuminuria) 

Medication: hOK3γ (Ala-Ala), SIR, TAC 
Change/discontinuation: NA 

Hirshberg(90) 6 Renal function worsening in 3/6 patients (50%) Medication: DAC, SIR, TAC 
Change: 1/6 pt (17%) 
Discontinuation: 2/6 patients (33%) 

Keymeulen(91) 24 Albuminuria: improved in 8/8 patients (100%) with pre-
transplant albuminuria. 
sCr: decreased 16% 

Medication: ATG, MMF, TAC 
Change: NA 
Discontinuation: 1/24 patients (4%) 

Lee(92) 11 Proteinuria: 0 Medication: DAC, SIR, TAC 
Change/discontinuation: NA 

Maffi(93) 14 Proteinuria: worsened in 4/19 patients (21%) 
sCr/CrCl: sCr increased and CrCl decreased in 2/19 patients 
(11%) (progressed to ESRD) 

Medication: DAC, SIR, TAC, MMF 
Change: 7/19 patients (37%) 
Discontinuation: 4/19 patients (21%) 

O‘Connell(57) 6 GFR: decreased significantly in 1/6 patients (17%) Medication: DAC, SIR, TAC 
Change: 1/6 patients (17%) 
Discontinuation: 1/6 patients (17%) 

Ryan(13) 65 Albuminuria: 8/47 patients (17%) (5 from microalbuminuria to 
macroproteinuria; 3 from normal to microalbuminuria) 
sCr/CrCl: decline in CrCl with an elevation of sCr over time 

Medication: DAC, SIR, TAC 
Change: 10/43 (23%) 
Discontinuation: NA 
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Author(reference) No. of patients Renal Function Immunosupressive regime 
Quality and 
Applicability 

Shapiro(55) 36 Albuminuria: 13/36 patients (36%) 
sCr/CrCl: modest decline in CrCl with a mild elevation of sCr 
over time 

Medication: DAC, SIR, TAC 
Change: 9/36 patients (25%) 
Discontinuation: 2/36 patients (6%) 

Bellin(108) 6 Increase in sCr in 6/6 (100%) recipients: baseline mean 0.8 ± 
0.1 mg/dL to 1 year post transplant mean 1.1 ± 0.2 mg/dL 
Measured GFR decreased in 5/6 (83%) recipients: baseline 
mean of 110 ± 21 ml/min/ 173 m2  to 1 year post transplant 
mean 83± 19 ml/min/ 173 m2 

Medication: ATG, ETA, CYCLO, EVE, MMF 
Change/discontinuation: NA 

Fair quality 
Fair 
applicability 

Vantyghem(110) 14 Microalbuminuria (>30 mg/day): 6/14 patients. (1 patient 
persisted from before graft, newly developed in 5 (36%)) 

Medication: DAC, SIR, TAC 
Change: NA 
Discontinuation: 1/14 (7%) 

High quality 
High 
applicability 

Warnock(107)  50 GFR declined for both medically treated patients (0.45 
mL/min/month ± 0.7) and islet transplantation recipients 
(0.12 mL/min/month ± 0.7)  (P=0.1) 

Medication: ATG, SIR or MMF, TAC 
Change: NA 
Discontinuation: 3/25 (12%) 

Fair quality 
High 
applicability 

ATG: antithymocyte globulin; CrCl: creatinine clearance; DAC: daclizumab; ESRD: end-stage renal disease; GFR: glomerular filtration rate; N: total number; NA: not available; pt(s): patient(s); sCr: serum 
creatinine; SIR: sirolimus; TAC: tacrolimus 

 

7.3.3 Changes in renal function 

Ten of the IHE key studies reported on renal function following ITA.  Declines in renal function were reported in seven of these studies; however this was 
measured inconsistently (increase in albuminuria or proteinuria, elevation in serum creatinine level, or decline in creatinine clearance).  The most consistently 
reported was albuminuria which worsened in between 0 and 36% of patients in the seven studies which reported this outcome. 
 
Three studies identified in the systematic review also reported on changes in renal function.  The study by Bellin(108) reported an increase in serum creatinine 
clearance in all six patients (from a baseline mean of 0.8 ± 0.1 mg/dL to one year post transplant mean 1.1 ± 0.2 mg/dL).  A decline in glomerular filtration 
rate was observed in five out of six patients (83%) (from a baseline mean of 110 ± 21 ml/min/173 m2 to one year post transplant mean 83± 19 ml/min/173 
m2).  In two of these patients the decline was greater than 25%.  This study used a non-standard immunosuppressive regime. 
 
The study by Vantyghem et al(110) reported that five of six patients (36%) developed microalbuminuria; this is in the upper end of the range reported by the 
IHE HTA.  
 
The study by Warnock et al(107) was a comparative cross-over cohort and compared intensive medical therapy with islet transplantation alone.  It reported 
that the glomerular filtration rate declined for both arms and the difference between the two was statistically non-significant (0.45 mL/min/month ± 0.7 for 
medically treated patients and 0.12 mL/min/month ± 0.7 for ITA (p=0.1)).  
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7.3.4 Changes in immunosuppressive regimen 

Eight of the IHE studies reported that in 0% to 37% of patients (25% and 23% in the two largest 
studies); the initial immunosuppressive regimen was switched to an alternative 
immunosuppressive regimen due to side effects.  Eight of the IHE studies reported that in 0% to 
33% of patients, immunosuppressive therapy had to be discontinued due to graft failure or 
immunosuppression related complications.  
 
The study by Warnock et al(107) identified in the systematic review reported that three out of 25 
patients (25%) had immunosuppressive therapy discontinued; two due to side effects and one 
due to progressive skin cancer.  Vangtyhem et al(110) reported that one patient out of 14 (7%) 
discontinued immunotherapy due to neutropenia requiring lenograstim treatment. 
 
 
7.4 RESULTS FROM EFFECTIVENESS ASSESSMENT 

The systematic review assessed effectiveness across four areas: insulin independence, glycaemic 
control, quality of life and secondary complications.  This section presents the findings.   

7.4.1 Insulin independence 

Table 7.6 presents the results for insulin independence.  
 

Table 7.6: Insulin independence 

Author(reference) No. of 
patients 

1 year 2 years 5 years 
Quality and 
Applicability 

IHE(84) Badet(88) 10 3/10 (30%)   High quality 
systematic review Froud(56)  16 11/16 (69%) 5/16 (31%)  

Hering(89) 8 5/8 (63%)   

Hering(111) 6 4/6 (67%)   

Hirshberg(90) 6 3/6 (50%)   

Keymeulen(91) 24 10/24 (42%)   

Lee(92) 12    

Maffi(93) 19 8/19 (42%)   

O‘Connell(57) 6 2/6 (33%) 2/6 (33%)  

Ryan(13) 65   7.5%* 

Shapiro(55) 36 16/36 (44%) 5/36 (14%)  

Bellin(108) 6 
5/6 (83%) 4/6 (67%)  

Fair quality 
Fair applicability 

Vantyghem(110) 14 
 9/14 (64%)  

High quality 
High applicability 

* Not reported in original paper, reported as personal communication with Dr Ryan. 

 
The 11 studies in the IHE report, demonstrated insulin independence rates of between 30% and 
69% at one year (9 studies) and 14% to 33% at two years (three studies).  A five-year rate of 7.5% 
was reported for the study by Ryan et al(13) but this is from a personal communication and not 
reported in the study itself.  Two of the studies identified in the systematic review reported 
insulin independence.  Bellin et al(108) reported five of six patients (83%) were insulin independent 
at one year and four of six (67%) were insulin independent at two years.  Vantyghem et al(110) 
reported that nine of 14 patients (64%) were insulin independent at two years.  These rates are 
higher than reported in the IHE systematic review. 
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7.4.2 Outcomes associated with glycaemic control 

The following outcomes: insulin requirement, HbA1c levels, C-peptide levels and hypoglycaemic 
episodes, were reported inconsistently with many studies reporting them only for sub-groups of 
patients (e.g. those who were insulin independent) and failing to report mean pre-transplant 
values.  Appendix D lists the data from each study for each of these outcomes. 
 
Two of the studies identified in the systematic review(107, 108) reported that patients who required 
insulin post transplant had reduced requirements for insulin (range 33% to 75% of pre-transplant 
dose).  This reduced requirement is consistent with the studies from the IHE report.  One 
study(13) reported an increased requirement for insulin post transplant in patients whose graft 
failed. 
 
HbA1c levels of ≤7% are considered a healthy range.  Two of the studies from the systematic 
review provide two year follow up data on HbA1c levels; Bellin(108) reported a mean of 6.0 ± 
0.7% for all recipients at two years post transplant from a pre-transplant mean of 7.3±0.7%.  

Vantyghem(110) reported results stratified by graft function defined by the -score(validated by(13)): 
the median HbA1c level at inclusion in this study was 8.7 (IQR8.0-9.2), at two year follow up for 
patients with suboptimal graft function (n=5) the median was 7.8 (IQR7.4-8.7) while for patients 
with optimal graft function (n=9) the median was 5.8 (IQR5.4-6.5) (p<0.05 vs inclusion and 
suboptimal grafts).  Warnock(107), the only comparative study, measured HbA1c levels every 
quarter and at every quarter (15 quarters follow up) median HbA1c was lower for transplant 
patient than those receiving intensive medical therapy.  Pooling all numbers, HbA1c was 7.4 for 
medical therapy compared to 6.6 for transplant recipients (p<0.01).  The median pre-transplant 
HbA1c was 7.9±1.2 while the baseline HbA1c for medical therapy was 8.1±1.2 and was the key 
difference between the groups at baseline. 
 
Hypoglycaemic episodes were not reported in any studies in patients who were insulin 
independent; they were reported infrequently in patients with some graft function on insulin 
therapy. 
 

7.4.3 Quality of life 

The IHE systematic review included two studies which reported on quality of life.  Barshes(102) is 
an earlier study of the Lee series(92) while Toso(58) is a more recent study from the Shapiro 
series(55).  They each used generic quality of life tools to measure overall and disease specific 
quality of life.  Both studies showed reduced fear of hypoglycaemia after islet transplantation 
however, Barshes(102) reported an improvement in overall health related quality of life whereas 
Toso(58) reported that transplantation had no impact. 
 
Benhamou(109) was identified in the systematic review and is a more recent study from the Badet 
series(88) reporting on quality of life.  It used the generic 36 item short form health survey (SF-36) 
and the disease specific Diabetes Quality of Life Scale (DQOL).  From the SF-36, significant 
improvements at six months were reported in the dimensions of physical functioning, role-
physical, bodily pain, general health, social functioning as well as the physical component score 
and health transition.  At 12 months, role physical, general health, social functioning and health 
transition were significantly improved from baseline.  The DQOL global score significantly 
improved at six months and remained so at 12 months due to improvement in the dimensions of 
satisfaction and impact of diabetes. 
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7.4.4 Secondary complications of diabetes 

The IHE HTA included two studies which reported on secondary complications of diabetes.  
Lee(92) reported a stabilisation of diabetic retinopathy in all 12 patients in the study and a 
stabilisation or improvement of neuropathy in 50% of patients over one year follow up.  
Venturini(103) is an earlier study of the Maffi series(93) which used Doppler imaging to examine 
whether retinal microcirculation improves after islet transplantation.  A statistically significant 
increase in blood flow velocities of the central retinal artery was reported one year post 
transplants which may reflect improved retinal microcirculation. 
 
The primary outcomes of the comparative study identified in the systematic review(105) included 
retinopathy, renal function and neuropathy.  Renal function is reported in section 7.5.2 but it 
should be noted that it is also a secondary complication of diabetes.  Warnock(107) reported that 
eyes with mild non-proliferative diabetic retinopathy did not progress.  In other eyes, more 
progression occurred on medical therapy (10/82 eyes) than after transplantation (0/51 eyes) 
(p<0.01).  For neuropathy, no significant deterioration was observed from baseline in either 
group. 
 
 
7.5 SUMMARY OF SYSTEMATIC REVIEW FINDINGS 

This section presents a summary of the systematic review findings including a consideration of 
the applicability of studies included, the safety of the procedure and the clinical effectiveness of 
the procedure.   
 

7.5.1 Applicability 

The studies which provided data were one existing HTA (which included 11 case series), and four 
studies identified in the systematic review (i.e. two additional case series; one additional report on 
quality of life outcomes from one of the HTA case series; and one prospective cross-over 
cohort).  The studies were all considered either of high or fair applicability, the patient population 
consistently matched the inclusion criteria of the review, however there were some differences in 
the immunosuppression protocols used.  The majority of studies were small and of only fair 
quality.  Case series studies provide only level IV evidence.  There was a lack of longer term 
follow up given diabetes is an ongoing condition. 
 

7.5.2 Safety 

With regard to procedure related complications: 

 intra-peritoneal bleeding occurred in 0-23% of patients (13 studies); 
 portal vein thrombosis occurred in 0-17% of patients (13 studies); 
 transient increases in liver enzymes occurred in 10-100% of patients (10 studies); and 
 less common complications include bile leak or biliary puncture. 
 
Based on the systematic review, we conclude that the procedure appears to be relatively safe in 
terms of procedure related complications. 
 
With regard to immunosuppression related complications: 

 immunosuppression related complications lead to a change in immunosuppression in 0-37% 
of patients (eight studies); 

 immunosuppression was withdrawn in 0-33% of patients (10 studies) due to either 
immunosuppression related complications or graft failure; and 
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 renal function worsened in 0-36% of patients (eight studies); however, the comparative study 
did not find a statistically significant difference in renal function deterioration between 
transplanted patients and those on intensive insulin therapy. 

 
Based on the systematic review, we conclude that immunosuppression is associated with a range 
of complications which may lead to withdrawal from treatment. 
 

7.5.3 Effectiveness 

With regard to effectiveness of ITA: 

 insulin independence ranged from 30-83% at one year (10 studies) and from 31-67% at two 
years (five studies); 

 all studies show that glycaemic control and hypoglycaemia are improved in transplant 
recipients who are insulin independent and those with partial graft function; 

 two small studies (10 patients each) with one year follow up reported improvements in 
generic quality of life measures, but a larger study with longer follow up (99 patients, three 
years) did not; and 

 in the cross over cohort study, more progression in diabetic retinopathy occurred on medical 
therapy (10/82 eyes) than after transplantation (0/51 eyes) (P<0.01). 

 
Based on the systematic review, we conclude that there is a lack of long term follow up and 
higher level evidence on the effectiveness of islet transplantation, however, in the short term 
some studies have achieved high rates of insulin independence and there is some evidence of 
improved quality of life and reduced progression of diabetic complications in the short term. 
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8 
Synthesis of  evidence supporting service concentration 

This Chapter provides a synthesis of the gathered evidence and information supporting service 
concentration.  There is a summary of our views at the end of each section, with the associated 
recommendations being made in Chapter 9 (overall NFC status) and Chapter 10 (costing). 
 
 
8.1 NATIONAL DEMAND 

It is difficult to estimate the national demand for ITA, as the prevalence of severe hypoglycaemia 
unawareness in Australia is also difficult to estimate.  However, the best estimate is based on the 
fact that about 5-10% of the 1,500 (i.e. about 3-4% of the estimated 51,000 type 1 diabetes 
patients aged 30 to 60 years that have recurrent episodes of severe hypoglycaemia) to 2,550 (i.e. 
about 5% of the estimated 51,000 patients with a 20-30 year history of type 1 diabetes that have 
lost their ability to detect severe hypoglycaemia) Australian patients continue to experience severe 
and recurrent hypoglycaemia despite best practice insulin therapy.  Thus, the potential target 
population group comprises of up to about 255 Australians, many of whom will be ineligible for 
ITA because of co-morbidities or other contra-indications. 
 
In Australia, it has been established that people who may be eligible for the procedure are aged 
between 40 and 60 years of age and their condition has been unresponsive to efforts by their 
treating endocrinologist and/or diabetes educator to modify their insulin therapy to reduce 
hypoglycaemia.  Because islet transplantation is only viable for this small select group of type 1 
diabetes patients, it is our view that there is unlikely to be any significant increase in demand in 
the next three years.  In reaching this conclusion, we highlight that there are several factors for 
which the impact on demand is difficult to predict including: 

 as a result of improving outcomes of ITA (in Australia and internationally), there will be a 
heightened awareness of the therapy in both referring endocrinologists and the general 
community, which may result in an increase in the number of referrals and hence transplants; 

 due to improvements in the islet isolation procedure, it is expected that the islet isolation 
process to transplant ratio will improve thereby allowing the number of ITA to increase 
without increasing the number of isolations; 

 should ITA obtain NFC status, the profile of the ITP will be raised, which may result in an 
increase in the number of referrals and hence transplants; and 

 promising outcomes of islet after kidney transplant internationally may mean the that the sub 
group of eligible patients is increased (marginally) to include post kidney transplant patients. 

 
However with the strict selection criteria applied to determining patient eligibility for ITA, it is 
not expected that these factors will greatly impact on the demand for ITA.  Also, given the issues 
associated with limited supply of donor pancreata, significant short term (next three years) 
growth in the number of transplants is not expected.  Thus, on balance, these factors are not 
considered to materially change the ITP‘s expectations that eight patients per year will have islet 
transplants for the next three years.  Based on current practice (patients will receive between two 
and three islet transplants), the ITP estimates that 17.6 ITA procedures will occur each year. 
Accordingly, we conclude that the demand estimates proposed by the ITP are reasonable. 
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8.2 WORKFORCE 

The ITP is closely integrated within the renal and endocrinology units at Westmead Hospital, St. 
Vincent‘s Institute, St. Vincent‘s Hospital and Royal Adelaide Hospital.  The current dedicated 
workforce for the ITP includes: 

 Program management: part-time Unit Head and administrative support; 

 Nursing: 0.5 FTE Clinical Nurse Consultant; and 

 Laboratory management: 1.0 FTE Laboratory Manager, 1.0 FTE Transplant Coordinator, 
0.5 FTE Technical Manager, 0.1 FTE Quality Manager (not yet recruited at St. Vincent‘s 
Institute) and 0.5 FTE Systems Quality Officer.  

 
The work done by the islet isolation team (the laboratory component) is the most specialised 
component of the ITP.  Typically this team consists of three staff who are predominately 
laboratory scientists with a mix of essential skills including: complex tissue isolation; sterility 
techniques; GMP level work; and islet culture experience.  A quality officer is also required for 
environmental monitoring and validation of cleaning.  On average, one islet transplant every 
three weeks is undertaken in Australia, meaning that one isolation a week occurs across the two 
centres (based on a ratio of three islet isolations to achieve one transplantable preparation).  In 
general, for each isolation, two days are required to isolate the islets ready for transplant and 
another three days is required to undertake quality assurance and safety documentation. 
 
In addition to the dedicated laboratory staff, both sites have established a broader base of 
isolation scientists who can be called on, as required, to participate in the isolation procedure.  As 
part of the assessment process, we were advised that all the scientists that are part of the St. 
Vincent‘s or Westmead islet research group have been specifically trained to undertake the islet 
isolation procedure.  This training is provided in-house by the respective Laboratory Managers.  
Some of the staff have also visited collaborating overseas islet isolation laboratories to learn new 
and/or update their skills.  Additionally, as part ITP arrangements the two laboratories provide 
back up support to each other when key staff (e.g. Laboratory Manager) are on leave. 
 
The international experience clearly shows that the successful isolation of the islets is a highly 
specialised skill and that the procedure should be performed in significant numbers so skills can 
be maintained and further developed.  In Australia, around three islet isolations are required to 
achieve one transplantable preparation.  During the assessment process, we were advised that in 
some of the larger overseas centres this ratio has been reduced to two isolations per transplant.  
There are a variety of reasons that account for this better ratio, but there is no doubt that the 
volume of isolations performed is one of them.  The complexity of the islet isolation procedures 
and the fact that higher volumes are required to maintain and improve skills are clear arguments 
for concentrating the islet isolation service into one or possibly two centres in Australia. 
 
In addition to the dedicated ITP team, patients also see clinicians and other staff within the host 
hospitals as part of receiving the islet transplant procedure, including: 

 Pre-transplant medical assessments: endocrinologist, psychiatrist; 

 Pre-transplant allied health assessments: dietician, social worker, podiatrist; 

 Pre-transplant diagnostic imaging: radiology, ultrasound and ophthalmology staff; 

 Pre-transplant pathology: pathology collection staff and biochemistry laboratory staff; 
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 Theatre: nursing team, anaesthetist, surgeon (Westmead Hospital and Royal Adelaide 
Hospital), interventional radiologist (St. Vincent‘s Hospital); 

 Transplant physician: surgeon or radiologist performs the transplant and is involved in pre 
and post transplant care; and  

 Inpatient care: patients are nursed within existing inpatient units. 
 
None of these staff are dedicated to the ITP; all have ongoing roles within the host health 
service.  However, in many instances, staff involved in providing services to ITA recipients has 
been trained by the ITP dedicated staff.  The general nature of the non-ITP staff means that the 
transplant (not isolation) service could potentially be provided in a range of hospitals around 
Australia.  But, international evidence strongly suggests that better outcomes are achieved in 
services with greater numbers of patients.  For example, the international multicentre trial on islet 
transplantation convened by the ITN established that previous experience with islet transplant at 
the various research sites was strongly associated with success in achieving the primary end 
points(55).  On this basis, it is clear that to maintain and develop the skill of all staff involved in 
ITA, the transplant service should also be restricted to only a few sites in Australia. 
 
Thus, ITA involves a multidisciplinary team, where there is a clear need for service concentration.  
The need is especially evident for those staff required to undertake the islet isolation procedure, 
but also exists for the other key staff involved in providing the ITA service.  During the 
assessment process, ITP leaders advised that major turnover in the dedicated staff was not 
expected in the next three years, and that they were confident that appropriate new staff could be 
recruited as needed.  The need to consider succession planning was however noted, as was the 
need to maintain and enhance the considerable skill base that has been developed over the five 
years of operation of the ITP. 
 
 
8.3 CLINICAL INFRASTRUCTURE 

The ITP uses the following clinical infrastructure provided by the host health services: 

 Diagnostic imaging: x-ray, electrocardiogram, adenosine sestamibi scan (used to assess 
regional blood flow to the heart muscle both at stress and at rest), diethylene triamine 
pentacetate scan (used to look at the blood supply, function and excretion of urine from the 
kidneys), nerve conduction studies, vascular studies, echocardiogram, liver/spleen ultrasound 
with portal vein Doppler and ophthalmological review. 

 Diagnostic pathology: viral, biochemistry, haematology, 24 hour urine collection 
albumin/creatinine ratio. 

 Theatre and inpatient services: transplant recipients receive care provided by the host 
health service, including high dependency nursing. 

 
The clinical infrastructure requirements to perform ITA are consistent with the standard clinical 
infrastructure within tertiary hospitals throughout Australia.  Thus, there is no specific argument 
for concentration of the ITA service on the basis of the clinical infrastructure requirements. 
 
 
8.4 QUALITY AND SAFETY 

Based on the systematic literature review, we concluded that: 

 ITA appears to be relatively safe in terms of procedure related complications; 
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 that immunosuppression is associated with a range of complications which may lead to 
withdrawal from treatment; and 

 there is a lack of long term follow up and higher level evidence on the effectiveness of islet 
transplantation, however, in the short term some studies have achieved high rates of insulin 
independence and there is some evidence of improved quality of life and reduced progression 
of diabetic complications in the short term. 

 
The islet transplantation procedure itself is not considered complex and the risks associated with 
the transplanting of the islet cells are similar to other relatively routine radiological and/or 
surgical procedures that occur in Australian hospitals.  The literature clearly establishes relative 
safety, and shows that it is a much safer option than pancreas transplant alone (not offered in 
Australia due to risks).  However, as we have stated, the islet isolation procedure is considered to 
be technically complex (although not unsafe, as no patients are involved) and requires skilled 
laboratory scientists with GMP and clean room facility experience to achieve quality outcomes. 
 
When considering the staff requirements for an ITA service, for reasons associated with the 
maintenance and further development of clinical and scientific skills, we believe service 
concentration is required to ensure good quality outcomes.  Quality risks are likely in small 
volume, high complexity procedures and would be guarded against in this circumstance by: 

 restricting the number of Australian centres undertaking islet transplant work; 

 providing targeted funding for the services; and 

 developing a system of information sharing that encourages complete transparency of 
outcomes. 

 
In the latter respect, the ITP currently reports all transplant data to the CITR which has the 
advantage of allowing benchmarking against international centres.  To date the Australian ITA 
experience has been similar to other international countries and in some instances better (e.g. no 
patients have withdrawn from treatment as a result of immunosuppression therapy).  According 
to the ITP this is because a different (now internationally preferred) immunosuppression regime 
was used (compared to some international centres) and Australian patients are well informed of 
the expected outcomes prior to receiving their first islet transplant. 
 
 
8.5 FACILITIES AND EQUIPMENT 

The main complexity and cost of ITA lies in the isolation procedure, which is a resource-
intensive process carried out in laboratories (i.e. clean rooms) which need to comply with Good 
Manufacturing Practice (GMP).  There are currently two islet isolation clean rooms used in 
Australia, one of the clean rooms is at Westmead Hospital and the other is a privately owned 
clean room managed by Peter MacCallum Cancer Centre.  Currently the clean rooms are used 
only for islet isolation, however St. Vincent‘s Institute (which leases the clean room facility from 
Peter MacCallum Cancer Centre) is attempting to share the lease with another group to reduce 
costs.  However this arrangement has proved to be difficult to negotiate, perhaps because of the 
unpredictable timing of the need for the clean room (i.e. when a donor organ becomes available).   
 
Given the TGA‘s new biologics framework and its expected impact on isolation centres the ITP 
has taken steps to ensure that all the essential infrastructure is established so that the isolation 
centres are in the best possible position to meet the new TGA standards.  The increased quality 
and assurance systems including environmental monitoring, material management and process 
controls will have a cost implication mainly associated with increased staffing requirements and 
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the ITP at this stage is largely unsure of the full cost associated with meeting TGA requirements.  
Given, the compliance costs there is certainly an argument for concentration, although we 
understand that the islet isolation process could be performed in any laboratory facility that is 
accredited by the TGA to GMP standards.  The real argument for concentration of the islet 
isolation services is the maintenance and further development of staff skills. 
 
The ITA service also required access to specialised equipment such as centrifuges, microscopes, 
incubators, etc.  During the assessment process ITP leaders advised that the required equipment 
has already been purchased using the initial funding provided by the Commonwealth government 
and the JDRF, and that no additional equipment is required in the next three years.  The only 
expected equipment costs are those associated with calibration and service/maintenance as well 
as laboratory consumables (e.g. the Ricordi chamber used in islet isolation is a single use 
consumable).  This equipment requirement is considered to be relatively standard in the context 
of any facility operating major scientific laboratories and thus, in itself, is not a specific argument 
for service concentration. 
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9 
Implementation and establishment 

This Chapter presents our conclusion on whether the ITA procedure complies with the inclusion 
criteria for the NFC Program; discusses the issues for determining the number of sites; makes a 
recommendation on the number of sites; and discusses service delivery considerations and the 
ongoing requirement for monitoring and evaluation. 
 
 
9.1 COMPLIANCE WITH CRITERIA FOR INCLUSION IN NFC PROGRAM 

There has been considerable discussion about whether islet transplantation remains an 
experimental procedure or whether it is now an established clinical practice, which is available 
worldwide.  Based on our research, ITA is only indicated for a small select group of type 1 
diabetes patients that have been unable to resolve their hypoglycaemic episodes with insulin 
pump therapy (the gold standard therapy).  For this select group of patients there had been no 
alternative but to manage their severe hypoglycaemia unawareness (which involves giving up your 
driver‘s license, ensuring you are not alone in case an episode occurs, etc.).  ITA offers this group 
of patients an alternative therapy which continues to show improved outcomes as the 
international community (including Australian centres) share and publish their results.  
 
ITA is offered in at least 10 other countries with comparable health systems and to date over 700 
islet transplantations have been performed worldwide.  Although the measure of successful ITA 
is debated by some clinicians (i.e. insulin independence vs improved glycaemic control), it is clear 
that considerable improvements in clinical and quality of life end points have been achieved for 
the small group of patients for which no other therapy is available.  The procedure is safe (no 
patients have died as a result of the procedure; and procedure related complications are 
transient).  In terms of quality of life, patients that have undergone ITA in Australia have been 
able to resume activities they would not have been able to do without ITA (e.g. regain their 
driver‘s license, travel overseas, maintain full time employment, etc.) as a result of the elimination 
of severe hypoglycaemic unawareness.  
 
Some stakeholders have suggested that ITA remains experimental, and therefore not suitable for 
NFC status, as the TGA classifies islet transplantation within the Clinical Trial Notification 
(CTN) Scheme.  However only an RCT proving efficacy would result in islet transplantation 
being listed on the TGA Registry and therefore having the CTN label removed.  Like many other 
transplant procedures, islet transplantation would not be able to obtain ethics approval from a 
HREC to conduct an RCT.  If these same TGA guidelines (the guidelines did not exist when 
these procedures received NFC status) were applied to paediatric heart/lung transplants, or 
pancreas transplants (both of which have NFC status), the same argument could be made that 
these procedures are experimental. 
 
It is our view that simply because the TGA considers islet transplantation under the CTN scheme 
is not sufficient cause to consider that ITA is still an experimental procedure.  Scientifically, the 
term experimental procedure suggests that there are two competing models or hypotheses.  In 
the case of ITA for the select group of patients in that target population, it is our view that it is a 
new technology and not a substitute technology and hence there is no viable alternative (except 
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whole pancreas transplantation which is no longer performed in Australia).  Australians who 
suffer from type 1 diabetes and severe hypoglycaemia unawareness should continue to have 
access to the procedure, without, for example, having to travel overseas. 
 
Therefore it is our view that pancreas islet transplantation fulfils the requirements for inclusion in 
the NFC Program because: 

 ITA is available in at least 10 other countries with comparable health systems and is the only 
treatment option for a select group of type 1 diabetes patients that leads to improved clinical 
circumstances and improved quality of life; 

 ITA requires a national population base and service concentration given small numbers of 
patients in the target population, the limited donor organs available to patients requiring 
transplantation, and the fact that highly trained scientific and clinical staff are required to 
isolate the islets, and provide pre and post transplant care; 

 there is a very small current annual caseload in Australia of around eight patient and less than 
20 transplant procedures – this caseload may increase over time (but not significantly in the 
next three years) with national efforts to improve organ donation rates, with improved 
isolation processes and improved immunosuppression therapy regimes; and 

 of the very high costs of the ITA service; estimated total cost of $363,450 for each patient 
(based on 2.2 transplants per patient). 

 
We consider that designating ITA as an NFC is appropriate and consistent with the NFC 
Program.  Drawing from the document ―NFC Guidance for Governance, Management, Funding, 
Establishment, and Review‖ ITA is borderline between an ―established clinical practice‘ and a 
―clinical practice in the establishment phase‖, ether way its inclusion as an NFC is appropriate 
because it will enable improved equity of access to the service through: 

 implementation of nationally-agreed guidelines and protocols for referral to and acceptance 
by the service; 

 appropriate resource provision for services; and 

 a national framework for monitoring and evaluating the service as it continues to develop. 
 
R1: It is recommended that pancreas islet transplantation alone (ITA) meets the 

criteria for inclusion in the NFC Program. 
 
 
9.2 SITE DETERMINATION 

The issues associated with determining the site(s) for the ITA service are largely similar to those 
that would apply for determining the site of any NFC funded service.  Taking each in turn with 
reference to ITA, it is clear that the service needs to be provided in a hospital setting where there 
is considerable experience in managing post transplant care.  In particular, experience with 
immunosuppressant therapy is required which, as demonstrated by the international evidence, 
forms a key part of achieving good ITA outcomes.  Thus, the ITA service should only be located 
at a hospital with a strong transplant program preferably, but not necessarily, in kidney/pancreas 
or kidney transplant.  There would also be a highly developed diabetes service at the site. 
 
Second, the international experience suggests that one site should undertake the islet isolation 
and the islet transplantation processes.  The model in all overseas countries reviewed (except the 
UK) was for co-location of an islet isolation laboratory with a transplant service.  Co-location 
removes the time delays in transplant post isolation and transport costs.  It also enables closer 
collaboration between the islet scientists and the islet transplant clinicians.  Nonetheless, the 
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experience of the ITP is that that isolated islets can be transported to another capital city (Sydney 
or Melbourne to Adelaide) and successfully transplanted (similar outcomes are claimed, although 
only three patients have had this service).  Ultimately, in the Australian context, there is a trade-
off between the clinical and scientific benefits offered by co-location and the access benefits 
offered by de-centralisation.  It is difficult to be definitive (comparable data on the UK centres 
where islets are also transplanted were not available) but based on the pre-dominant model used 
overseas our preference would be for co-location of islet isolation and transplant at the one site. 
 
The other criteria are probably common to all NFC sites.  There should be considerable expertise 
and a high level of maturity of the model of care and the clinical pathways that provide the 
service, including processes for appropriate referral; pre-transplant assessment, post transplant 
monitoring, intensive and/or highly dependent care and short and long term follow up at the site.  
In particular, there should be clear processes for supporting patients who do not live in the 
vicinity of the transplant service, and their continuing clinicians post discharge from the ITA 
service.  Arrangements should be in place for the provision of adequate supportive care services 
for families of islet transplant patients, including accommodation services for families who need 
to relocate for the procedure.  There should be an established research and development 
program focussing on islet isolation and transplantation, including established systems for 
monitoring and ongoing data collection at the site.  Finally, there should be the capacity at the 
institution to ensure access to ITA for patients from all states and territories. 
 
R2: It is recommended that, given the clinical infrastructure and staff requirements to 

provide high quality and safe services, the following criteria should be taken into 
account when applicant sites are considered for potential NFCs for ITA for type 1 
diabetes patients suffering from severe hypoglycaemia unawareness: 

 co-location with an organ transplant unit (preferably kidney/pancreas or 
kidney); 

 co-location of the ITA unit and the isolation laboratory; 

 the level of expertise in, and maturity of, the model of care and the clinical 
pathways that provide the service, including processes for appropriate referral; 
pre-transplant assessment, post transplant monitoring, intensive and/or highly 
dependent care and short- and long term follow up; 

 the establishment of clear processes for supporting patients who do not live in 
the vicinity of the transplant service, and their continuing clinicians post 
discharge from the ITA service; 

 provision of adequate supportive care services for families of islet transplant 
patients, including accommodation services for families who need to relocate 
for the procedure; 

 the existence of an established research and development program including 
established systems for monitoring and ongoing data collection; and 

 the capacity of the institution to ensure access to ITA for patients from all 
states and territories. 

 
 
9.3 NUMBER OF SITES 

An issue impacting on the number of sites, unrelated to an assessment of the evidence and 
information, is that the proposal for the islet transplant procedure to be given NFC status has 
been made by NSW Health on behalf of the existing ITP, which is a Consortium made up of 
three transplant sites (two of which have isolation centres).  This scenario is different to previous 
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applications.  Through the assessment process it became obvious that the Consortium have 
worked collaboratively for a number of years in refining the islet transplantation procedure 
(including islet isolation).  Each site within the Consortium has contributed to the international 
learning which has resulted in improvements in the outcomes for ITA patients.  The Consortium 
meet regularly, have established common protocols and procedures in the islet isolation process 
and also have arrangements for back-up of key members of the ITA workforce. 
 
Having determined that ITA should be included in the NFC Program and given the legacy of the 
ITP established over the last five years, there are a number of options for NFC sites including: 

 Option 1: one transplant centre and one isolation centre; 

 Option 2: two transplant centres and one isolation centre; 

 Option 3: two transplant centres and two isolation centres; 

 Option 4: three transplant centres and one isolation centre; or 

 Option 5: three transplant centres and two isolation centres (current proposal). 
 
Given the estimated demand for ITA is about eight patients and up to 20 transplants per year for 
the next three years, it is clear that the service could be provided from one site (Option 1).  
Nonetheless, the assessment process included considerable discussion with clinicians and 
state/territory health department representatives about whether it is necessary to have multiple 
sites in Australia.  There have been arguments for and against, particularly with respect to the 
number of islet isolation centres.  Arguments for two isolation centres have included:  

 broadens the base of expertise in Australia; 
 encourages innovation through both collaboration and competition; 
 allows for islet isolation to occur concurrently on more than one pancreas if two are procured 

in the same time period; 
 as one isolation centre is closed for scheduled maintenance, the other centre is able to 

respond to the arrival of donor pancreas; and 

 double the staff and two clean rooms would be required if there was only one isolation 
centre, as the same team would not be able to do back to back isolations in the same clean 
room if there was to be only one isolation centre. 

 
Arguments against two isolation centres have included: 

 it more expensive to maintain two isolation centres (although clearly not double the costs); 

 the ITP has established that the islets can be transported and transplanted in a state other 
than the state where the isolation centre is located; and 

 concentrate the skills of the isolation scientists in one centres (i.e. improved critical mass) as 
opposed to spreading them over two sites.  

 
Given the fact that the ITP has demonstrated that it is possible to successfully transplant islets in 
a site that is remote from the islet isolation centre (this practice also occurs in the UK), there was 
less discussion in the assessment process about the number of transplant sites.  However, given 
the specialist skills required, and the fact that there will only be about eight ITA patients per year, 
there is also a need to restrict the number of transplant sites.  International evidence shows that 
better outcomes are associated with services that have higher patient volumes. 
 
Weighing all these arguments up is difficult, but based on the international experience and the 
estimated demand for the Australian islet transplant service (i.e. eight patients and 17.6 
transplants annually), one transplant centre would be able to provide the required services in the 
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next three years.  It is clear that the centre would need access to more than one TGA accredited 
clean room, but as many major hospitals are developing scientific and research facilities with 
multiple laboratories operating to TGA GMP standards, this requirement presents no problem. 

Also, it is not expected that the number of transplant centres and/or isolation centres will need 
to change over the next five to ten years.  This view is based on international experience where 
most countries only have one and some have two isolation centres.  Most of these countries are 
performing considerably more islet transplants each year than would be required in Australia.  
Equally, in the consultation process, no clinician (outside those involved in the ITP) expressed an 
interest in undertaking ITA within the next three years.  All except one Australian clinician 
consulted felt that ITA had proved itself as a viable option for the target population group.  
Furthermore, all except one Australian clinician consulted felt that ITA should obtain NFC status 
for the treatment of the select group of patients indicated. 

R3: It is recommended that, in view of the current and expected caseload for pancreas 
islet transplantation and the need to concentrate the service, there should be one 
islet transplant service incorporating an islet isolation facility with access to two 
TGA compliant clean rooms funded under the NFC Program. 

In making this recommendation we note that, as the proposal for NFC status is from NSW 
Health on behalf of a Consortium of three transplant centres and two isolation centres, it can be 
expected that if and when the NFC Reference Group calls for expressions of interest for site 
selection, that the ITP Consortium will again feature in the bid (Option 5).  Also, given that 
clinicians outside of the proponent States have indicated no short term interest in establishing an 
islet transplant service, there is likely to be no other proposal to consider. 

9.4 SERVICE DELIVERY 

The Transplantation Society of Australia and New Zealand (TSANZ) have developed guidelines 
on patient eligibility for islet transplantation including criteria for referral to the National 
Pancreas Transplant Unit as well as inclusion criteria for islet transplantation.  Also, the 
Consortium have been active in the standardisation of processes including the development and 
consistent use of policies, procedures and/or protocols for the isolation and transplanting of islet 
cells.  We see no need, other than the usual processes of further development, to suggest any 
changes to the patient eligibility and/or the policies, procedures and processes associated with 
current service delivery arrangements should NFC status be granted. 

There are however two areas of concern that arose through our consultations with clinicians 
outside of the proponent States.  We have already made reference to these areas in our 
specification of site determination criteria but they are sufficiently important to warrant specific 
recommendations.  A number of clinicians outside of the proponent States expressed the view 
that they would like to have clearer information on the referral criteria for the islet 
transplantation service.  Many stated they were aware of the ITP but they were not clear on when 
they should refer patients for assessment.  It will be important for any islet transplant service 
funded under the NFC Program to develop clear referral criteria and processes for promulgating 
them to clinicians involved in the care of people with diabetes.  This action should be particularly 
focussed on the States that do not host the NFC service to ensure equitable access to islet 
transplantation for all Australians. 
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R4: It is recommended that any islet transplant service funded under the NFC 
Program has well developed referral criteria, and clear processes for promulgating 
them to all clinicians involved in the care of people with diabetes, particularly 
those in States that do not host the NFC service, to ensure equitable access to islet 
transplantation for all Australians. 

The other concern expressed by clinicians outside of the proponent States was with respect to 
post discharge (from the islet transplant service) care.  Most endocrinologists (the most likely 
referring clinician group) are not trained in supporting patients on immunosuppression therapy.  
This group expressed a need for support from the transplant service in caring for islet transplant 
patients once they return to their state of residence.  Thus it will be important, should the islet 
transplant procedure be granted NFC status, for the service to develop and implement 
strategies/processes to ensure appropriate support is provided to the referring clinician (or other 
suitable clinician) once patients are discharged from the NFC service to a residence in another 
State.  Such support might take the form of outreach visits by clinicians from the NFC service to 
States that do not host islet transplant services. 

R5: It is recommended that any islet transplant service funded under the NFC 
Program develop and implement strategies/processes to ensure appropriate 
support is provided to the referring clinician (or other suitable clinician) once 
patients are discharged from the NFC service to a residence in another State. 

Overall, it is our view that the service model is well developed across the ITP hospitals, and that 
there are appropriate arrangements in place (including networking with international centres) for 
its continuing development.  We did note as part of the assessment process some variability in 
the model of care with respect to the islet transplant procedure.  In NSW and SA the transplant is 
performed by a surgeon under general anaesthetic and in Victoria by a radiologist under sedation.  
However, this variation in the model is consistent with international practice and to date has 
shown no significant difference in procedure outcome.  Thus, we see no reason, should an islet 
transplantation service be funded under the NFC Program, that the NFC review should occur 
earlier than the standard three years. 

R6: It is recommended that any islet transplant service funded under the NFC 
Program be reviewed three years from the commencement of funding, as set out 
in the NFC Guidance document. 

9.5 MONITORING AND EVALUATION 

In Australia, islet transplant occurs in tertiary hospitals and as such the service is subject to the 
usual clinical governance and quality regimes that apply in these institutions.  The transplant units 
routinely monitor individual and organisational performance and participate in quality and audit 
activities.  Individual clinicians are credentialed for scope of practice and participate in peer 
review and audit.  Isolation centres are subject to GMP and now the TGA‘s new biologicals 
framework.  Research to improve quality of care forms a core activity of both the transplant units 
and the isolation centres. 

Progress in islet transplantation depends entirely on complete, high quality medical data.  All 
Australian centres currently performing ITA collect the CITR data set and report it to the CITR.  
The CITR have defined primary and secondary endpoint measures which are required by the 
transplant units.  As it has been mandated in the USA, a condition of ITA being granted NFC 
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status should be to continue to contribute all the required data for each transplant/patient to the 
CITR to enable continued international benchmarking of the Australia experience.  As the 
number of transplants likely to occur in Australia is quite small, it is important that the outcomes 
of Australian patients are benchmarked against and with international data. 

R7: It is recommended that any islet transplant service funded under the NFC 
Program is required to continue to collect the CITR dataset and report it to the 
CITR in order to progress the development of islet transplantation services 
nationally and internationally. 
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10 
Financial implications 

This Chapter provides our comments on the cost estimates presented in the application for NFC 
status by NSW Health on behalf of the ITP.  It then identifies a series of issues that need to be 
addressed in developing cost estimates for any submission made to provide islet transplantation 
services, should the procedure be approved for NFC status.  Finally, the available international 
evidence on cost, and cost effectiveness, of the islet transplant procedure is examined. 
 
 
10.1 COMMENTS ON COST ESTIMATES 

This section summarises the cost estimates provided in the submission for NFC status made by 
NSW health on behalf of the ITP.  It presents our analysis of the cost estimates based on a 
review of the methodology used, the information obtained from consultations with potential sites 
as part of the assessment process, and comparative data available from the literature.  In assessing 
the costs estimates, we noted some minor variations between the cost data presented in the body 
of NFC submission, and that contained in the supporting Appendix ‘Costing of the Islet Transplant 
Program conducted at Westmead Hospital Sydney, St. Vincent’s Hospital Melbourne, and the Royal Adelaide 
Hospital’ prepared by the Centre for Health Services Development (CHSD) at the University of 
Wollongong (November 2010).  Based on advice from representatives of the potential NFC sites, 
we have assessed the contents of the CHSD report. 
 

10.1.1 Applicant’s cost estimates – median cost per patient methodology 

The CHSD report provides two costing approaches for the islet transplantation procedure.  The 
first is a median-cost per patient approach that essentially applies the costing methodology set out 
in Appendix 2 of the NFC Guidelines.  Using this approach the cost of one islet transplant is 
estimated as shown in Table 10.1 
 

Table 10.1: Cost elements per islet transplant 

Cost element Cost ($) 

Work up  1,276 

Inpatient/Outpatient pre-NFC treatment monitoring 7,354 

Theatre/Surgery 4,882 

Other procedures (non-surgical) 81,930 

High Dependency/Intensive Care Unit 6,583 

Outpatient care prior to discharge from the NFC Program 20,654 

Other direct patient costs 1,711 

Overheads/Indirect costs 17,202 

Administration and overheads 28,319 

Sub-total 169,911 

Less: adjustments for early pathway costs incurred only for the first transplant for each patient (4,707) 

Total cost per transplant 165,204 

 
We have reviewed the costs against each ‗cost element‘ in the islet transplantation pathway and 
concluded that they seem to have estimated in a way that is generally consistent with the NFC 
Guidelines.  The unit cost estimates used appear to be broadly consistent with those used in 
previous NFC applications.  We were not, however, able to determine from the information 
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provided the method for arriving at the reduction of $4,707 to reflect costs that would not be 
incurred for the second and subsequent transplants (e.g. overlap between the ‗pre-NFC treatment 
monitoring‘ cost element for the second transplant with the ‗outpatient care prior to discharge 
from the NFC Program‘ costs element for the first transplant). 

The NFC submission then assumes that the average patient has 2.2 islet transplants and proposes 
that the ITP will provide services to eight patients per year for the next three years to arrive at an 
overall program cost of about $8.73 million, as shown in Table 10.2.  This figure represents a cost 
per patient on the program of about $363,450. 

Table 10.2: Cost estimate of the Islet Transplant Program – cost per patient approach 

Year 
Number of 

patients 
Number of 
tranplants 

Unit cost Total Cost 
Cost per 
patient 

Year 1 8 17.6 $165,204 $2,907,599 $363,450 

Year 2 8 17.6 $165,204 $2,907,599 $363,450 

Year 3 8 17.6 $165,204 $2,907,599 $363,450 

Total over three years 24 52.8 N/A $8,722,798 N/A 

In the context of our understanding of the islet transplant procedure, this approach to costing the 
potential NFC service is not considered optimal.  The approach taken makes the ratio 2.2 
transplants per patient more important than it should be, and ensures that the estimated costs do 
not reflect the costs of any one patient (no patient will have 2.2 transplants).  The NFC Costing 
Proforma (Appendix 2 of the NFC Guidance document) clearly states ―where there is more than 
one patient care pathway with substantially different care elements and cost implication separate 
pathway costs should be developed‖.  The Guidance document goes on to state ―in general, 
funding will not be considered for different clinical pathways for an agreed procedure but may be 
considered where the cost differentials are significant and the numbers are material‖. 

It is our view, based on the extensive consultation with clinicians involved in the delivery of the 
islet transplantation service that there are distinct, and materially different in terms of cost, 
clinical pathways associated with islet transplant cases.  Put simply a patient can have one, two or 
three islet transplant procedures depending on clinical circumstances.  The advice provided by 
expert clinicians is the most patients will need two transplants, fewer will need three, and even 
fewer will need one.  Given the significant costs associated with the islet isolation process, and 
the fact that an average of three islet isolations are required to produce one transplantable islet 
preparation, the three pathways have significant and material cost differences and should 
therefore be costed separately. 

Should NFC status be granted, it is our view that funding for each patient should be provided on 
the basis of the costs of the clinical pathway actually taken (rather than an arbitrary figure that 
results from the use of the estimated 2.2 transplants per patient ratio).  This approach represents 
best practice in activity based costing and funding.  There are two leading alternatives for using 
the costs data to determine the funding for an islet transplant service as follows: 

 First, prices (based on estimated costs) could be set for each of the three pathways and the
service would estimate (start of year) and then report how many patients took each pathway
in the funding year.  In this model, appropriate arrangements need to made for funding part
episodes, for example, where a patient‘s clinical circumstances indicate three islet transplants
are required, and due to the need to wait for the donation of a suitable pancreas, the episode
takes up to two years to complete (i.e. from the time of referral and acceptance into the
program until three months after the final islet transplant).
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 Second, the three treatment pathways could be considered to be a concatenation of up to
three phases of care for an islet transplant patient (i.e. the first transplant, the second
transplant and the third transplant).  The costs of each pathway could then be used to set
prices for each phase of care, and the islet transplant service would estimate (start of year)
then report how many patients received phase 1, 2 and 3 care in the funding year.

Materially, there is not much difference between the two approaches.  It is our understanding 
that the second approach is similar to the one being used to fund services providing the 
Norwood procedure which was recently granted NFC status (where there are also three phases of 
care, involving the performance of three distinct procedures), thus it might be preferred.  Either 
approach will be suitable, both of them avoid the use of the estimated 2.2 transplants per patient 
ratio and are much more consistent with the NFC Guidance document that requires ―where 
there is more than one patient care pathway with substantially different care elements and cost 
implication separate pathway costs should be developed‖. 

R8: It is recommended that should the islet transplantation procedure be included in 
the NFC Program, a revised costing is required in the expression of interest 
process that produces separate cost estimates for three clinical pathways (i.e. one, 
two and three islet transplants per patient). 

10.1.2 Applicant’s cost estimates – fixed and variable costs approach 

The second costing approach in the CHSD report develops separate cost estimates for the fixed 
and variable components of the service.  It is argued that for low volume/high cost services such 
as islet transplantation, the fixed and variable costing model is more appropriate, since a 
significant proportion of the costs must be incurred regardless of the volume of activity.  This 
issue is often debated by costing practitioners, and ultimately the decision on the best costing 
method depends on the extent to which the resources needed to deliver the high cost/low 
volume program are substitutable with resources used to deliver other programs in the hospital. 

The NFC submission argues that for the islet transplant program, fixed costs comprise the 
salaries of core clinical and scientific staff, costs associated with maintaining the clean room 
laboratory facility, and some core administrative costs.  Other costs, such as pharmaceuticals, 
diagnostic services, and costs related to inpatient and outpatient services are considered variable.  
It is then argued that a more appropriate model would be one where fixed and variable costs are 
funded separately; core funding would be allocated to cover the fixed costs of the program; 
throughput funding would be allocated on the basis of actual activity levels. 

Table 10.3 sets out the estimated costs presented in the CHSD report that have been derived 
from the application of a costing model based on an initial estimate of the fixed/variable costs 
across the three collaborating hospitals, plus a variable per-patient cost of providing transplants.  
Aside from the partitioning into fixed and variable components, these costs are estimated largely 
on the same basis that was used for the per-patient costing method.  Accordingly, we have no 
additional comments to offer of the basis for deriving the costs for each ‗cost element‘. 
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Table 10.3: Fixed/variable cost estimates for the islet transplant program 

Cost element Cost ($) 

Fixed costs 

Islet isolation salaries $659,557 

Unit Head $32,601 

Administrative/Clerical $82,449 

CNC Nurse Co-ordinator $172,713 

Information dissemination $15,000 

Indirect costs $498,408 

Total annual fixed costs $1,460,728 
  

Variable costs per transplant 

Work up costs $1,276 

Pre transplant monitoring $7,354 

Theatre/Surgery $4,882 

Islet consumables and shipping islets interstate $44,455 

HDU $6,583 

Outpatient following transplant $20,654 

Other direct costs $1,711 

Total variable cost per transplant $82,209 

 
As for the per-patient costing approach, the NFC submission then assumes that the average 
patient has 2.2 islet transplants and proposes that the ITP will provide services to eight patients 
per year for the next three years to arrive at an overall program cost as shown in Table 10.4. 
 

Table 10.4: Cost estimate of the Islet Transplant Program – fixed/variable costing approach 

Year Fixed Cost 
Number of 

patients 
Number of 
tranplants 

Unit variable 
cost 

Total 
Variable Cost 

Total Cost 

Year 1 $1,460,728 8 17.6 $82,209 $1,446,872 $2,907,599 

Year 2 $1,460,728 8 17.6 $82,209 $1,446,872 $2,907,599 

Year 3 $1,460,728 8 17.6 $82,209 $1,446,872 $2,907,599 

Total over three years $4,382,183 24 52.8 N/A $4,340,615 $8,722,798 

 
As can be seen by comparison to Table 10.2, the fixed/variable approach to costing has been 
designed to produce the same result (i.e. total program cost of about $8.73 million) as the per-
patient costing method for the selected volume level (i.e. eight patients, and 17.6 transplants per 
year).  Actual volume levels less than eight patients per year would result in an increase in the per-
patient cost (relative to $363,450 estimated using the per-patient method) and actual volume 
levels of greater than eight patient per years would result in a decrease in the per-patient cost. 
 
As noted in the submission, this approach is not consistent with the costing methodology set out 
in Appendix 2 of the NFC Guidelines.  By their nature all NFC services are low volume/high 
cost; there does not appear to be any compelling reason, should NFC status be granted, to fund 
the islet transplant procedure on a different basis to other NFC funded services.  It is our view 
that most of the costing problems highlighted in the NFC submission can be largely resolved by 
costing the three distinct pathways and/or phases of care, rather than switching to a relatively 
arbitrary (in term of the boundary) fixed/variable approach.  It is also our view that should NFC 
status be granted, the providers of islet transplant services should experience roughly the same 
funding risks as the providers of other NFC services (i.e. be funded on a per-patient basis). 
 
R9: It is recommended that should the islet transplantation procedure be included in 

the NFC Program, that funding be provided on a per-patient basis, consistent 
with other NFC funded services and, accordingly, that the fixed/variable 
approach to costing the islet transplant procedure not be pursued. 
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10.2 ISSUES TO BE ADDRESSED IN ANY REVISED COSTING SUBMISSION 

This section makes comments on issues that we consider need to be addressed in any submission 
made to provide islet transplantation services, should the procedure be approved for NFC status.   
 

10.2.1 Definition of the islet transplant episode of care 

The NFC Guidance document states ―a clear definition of the start and end point of the episode 
of care is required‖.  It further states that ―the (home) jurisdiction will pay for the patient until 
the patient is accepted onto the NFC Program and the NFC Program pays up to three months 
post discharge‖.  This advice largely presumes that NFC episode consists of a single procedure; 
there is a pre-procedure work up period, and a post procedure after-care period of up to three 
months.  The Guidance document also states ―there may be exceptions to this general scope 
depending on the type of procedure funded under the program‖. 
 
The islet transplant service model does not fit neatly into the general framework.  As previously 
indicated, most patients have two transplant procedures, and some have three.  In the period 
between transplant procedures, the patient is largely under the care of the islet transplant service 
to deal with immunosuppressant therapy and changes to the management of his/her type 1 
diabetes.  Part of this process includes evaluation of the need for a subsequent transplant.  
Advice from clinicians indicates that the subsequent transplants should be performed as soon as 
possible after the previous transplant (subsequent transplant patients are moved to the top of the 
waiting list for donor organs).  Based on current experience the actual wait may be between three 
and six months (a suitable donor pancreas needs to become available). 
 
Given the circumstances, in any future submission to provide islet transplant services, should the 
procedure be accepted for NFC status, the episode should be deemed to commence at the time 
of acceptance into the transplant program, and conclude three months after the final transplant.  
Adopting this approach, together with the costing of three separate pathways and/or phases of 
care (patients that have one, two and three transplants) resolves the problem in the costing 
presented in the NFC submission that had unclear overlaps between pre-transplant workups for 
subsequent procedures and post transplant aftercare for previous procedures. 
 
R10: It is recommended that should the islet transplantation procedure be included in 

the NFC Program, the revised costing should assume that the episode starts at the 
time of acceptance into the transplant program, and concludes three months after 
the final transplant. 

 

10.2.2 Facility costs 

We have noted that the per transplant cost estimates provided in the NFC submission specifically 
exclude the costs associated with the clean room facilities maintained by the Westmead and St. 
Vincent‘s Hospitals (estimates of these costs appear in an Appendix to the CHSD report, but 
they are not included in the proposed NFC Program budget).  These costs need to be included in 
a revised costing for NFC purposes (should the ITP be approved as an NFC).  We understand 
that there are issues in including them because of the different clean room arrangements used at 
Westmead (‗in-house‘ clean room) and St. Vincent‘s (leased clean room from Peter MacCallum).  
The revised costing should clearly state the basis on which the clean room costs are allocated. 
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R11: It is recommended that should the islet transplantation procedure be included in 
the NFC Program, the revised costing include the clean room costs in the 
estimate of cost per patient on each pathway (distributed in accordance with the 
number of transplants for the pathway). 

 

10.2.3 TGA compliance costs 

We also note that the costs associated with complying with the new regulatory framework for 
biologicals, that commenced on 31st May 2011 through amendments to the Therapeutic Goods 
Act 1989, were excluded from the NFC submission.  In discussions with representatives of the 
potential NFC, we were advised that the islet isolation process at Westmead and St. Vincent‘s 
already comply with Good Manufacturing Practice (GMP) principles.  Nonetheless, there will no 
doubt be regulatory (TGA fees), and perhaps some staff, costs associated with complying with 
the legislative changes.  Again, these costs need to be included in a revised costing for NFC 
purposes (should the islet transplantation procedure be approved for NFC status). 
 
R12: It is recommended that should the islet transplantation procedure be included in 

the NFC Program, the revised costing include the cost associated with complying 
with the TGA’s new regulatory framework for biologicals in the estimate of cost 
per patient on each pathway (distributed in accordance with the number of 
transplants for the pathway). 

 
 
10.3 INTERNATIONAL DATA ON COST AND COST EFFECTIVENESS 

This section examines the available international data on cost and cost effectiveness of the islet 
transplantation procedure, based on a review of the published literature.   
 

10.3.1 International data on islet transplantation costs 

For the purposes of comparison, articles which examined the costs per islet transplants were 
found in the published literature for the USA, France and Canada.  The key findings were: 

 Naftanel and Harlan(112) stated that ―islet transplantation costs approximately $150,000 per 
patient per transplant‖ in the USA; based on 2004 conversion rate American dollars to 
Australian dollar of 1.44, US$150,000 is equivalent to about AUS$216,000. 

 Guignard et al(113) stated that ―the average cost of an islet transplantation (procedure and one-
year follow up) was 77,745 euro (French rate, year 2000).  The four main cost components 
were islet preparation (30% of the total cost), adverse events (24%), drugs (14%), and 
hospitalization (13%)‖.  Based on 2000 conversion rate euro to Australian dollar of 1.62, 
77,745 euro is equivalent to about AUS$126,000. 

 Vrochides et al(114) report that the hospital cost for islet transplantation in Canada is 
approximately $5,000.  The procurement cost of a pancreatic graft is approximately $20,000. 
Enzymatic graft treatment for islet isolation costs about $20,000 (and one out of three 
attempts for islet isolation is not successful).  Moreover, two or more processed grafts are 
required for a successful islet transplant.  Therefore, the cumulative cost of a pancreatic islet 
transplant is estimated to be higher than $120,000. Based on 2009 conversion rate Canadian 
Dollar to Australian dollar of 1.21, CAD$120,000 is equivalent to AUS$146,341. 

 
Great care should be taken in comparing these published costs to the Australian estimates 
presented in the NFC submission.  The basis of costing is not the same, some of the published 
data are for are single transplants, others for multiple transplants (i.e. per patient).  Costing 
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methodologies differ considerably.  Different periods of post procedure care are costed, and the 
published estimates generally include the costs of retrieving the donor pancreas.  Also, the 
published costs span a period of some 10 years from 2000 to 2009, and the islet transplant model 
of care has substantially evolved in that period. 

Overall, we conclude that there is little value in comparing Australian costs the published 
international experience.  The focus, should the islet transplantation procedure be included in the 
NFC Program, needs to be on revising the cost estimates presented in the NFC submission to 
better reflect current clinical pathways. 

10.3.2 Cost effectiveness 

There are currently only two realistic comparators to islet transplantation, insulin therapy and 
whole pancreas transplantation.  The advice from expert clinicians is that, in Australia, pancreas 
transplant is now only performed in association with kidney transplant and therefore the patient 
population is different to those that meet the criteria for islet transplantation (islet transplant 
alone patients do not have end stage renal failure).  In any case, we were not able to find any 
cost-effectiveness study that compares whole pancreas and kidney transplant to islet transplant. 

However one recently published article was found that examined the cost-effectiveness of islet 
transplantation compared to insulin therapy(115). As stated in the article ―there are no data on the 
cost in relationship to its benefits‖(115).  This situation occurs largely because there are insufficient 
data on islet transplant patients (the international patient population is still very small, and actual 
benefits would need to be measured over a reasonable period of time for a statistically significant 
cohort of patients).  To overcome this problem, Beckwith et al(115) performed a cost-effectiveness 
analysis (with the comparator being standard insulin therapy), using Markov modelling and 
Monte Carlo simulations. 

The patient population was adults aged 20 years and over suffering from hypoglycaemia 
unawareness and the modelling was for a 20 year period.  Data were estimates from literature and 
clinical trials; and costs were based on the situation in the USA.  Close review of the article 
reveals the transition probabilities (from one state in the Markov model to another) for the 
control group were estimated based on the Diabetes Control and Complications Trial conducted 
in the United States between 1990 and 1993.  For the intervention group, the transition 
probabilities were derived from a clinical trial of 30 patients at the University of Minnesota 
(published in 2007), and extrapolated to the twenty year period using a curve fitting approach. 

While these approaches are mathematically reasonable, estimating transition probabilities for the 
intervention group based on such a small sample is questionable.  With all these caveats, the 
results obtained by the study are summarised in Table 10.5. 

Table 10.5: Insulin therapy vs islet transplantation - comparative cost effectiveness(115) 

Measure Insulin Therapy Islet Transplantation 

Cumulative cost per patient (20 years) $663,000 $519,000 

Cumulative cost effectiveness 9.3 QALYs1 10.9 QALYs1 

Average cost effectiveness ratio $71,000 $47,800 
1 Quality adjusted life years 

The authors stated that ―during the first 10 year, costs for transplantation were higher, but 
cumulative effectiveness was higher from the start onwards‖.  It was also found that in the 
sensitivity analyses, the need for one instead of two transplants during the first year did not affect 
the conclusions, and islet transplantation remained cost-saving up to an initial cost of the 
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procedure of $240,000.  The authors concluded that the exploratory evaluation shows that islet 
cell transplantation is more effective than standard insulin treatment, and becomes cost-saving at 
about nine to ten years after transplantation. 
 
As shown in Table 10.5, the study suggests favourable cost-effectiveness for islet transplant but, 
as indicated by the authors it must be regarded as exploratory.  There are insufficient data 
available worldwide to undertake a robust study of cost effectiveness.  And, there certainly have 
been no economic evaluations of islet transplantation have been conducted in Australia.  So the 
question of cost effectiveness remains open, and based on the clinical advice we have received, 
comparison of islet transplant to insulin therapy is problematic, as insulin therapy has been tried 
and found to be ineffective for the cohort of patients that meet the criteria for islet transplant. 
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Appendix A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SYSTEMATIC REVIEW SEARCH STRATEGY  
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The search strategy was developed using the key elements of the clinical question. The search 
strategy shown in Table A.1 was used to identify papers in Embase.com.  This search was 
adapted for the other databases described in Table 3.2. 
 

Table A.1: Search strategy for Embase.com 

Element of clinical question Search terms 

Intervention 1 'pancreas islet transplantation'/exp 

2 'pancreas islet'/exp 

3 (islet* NEAR/2 langerhan*):ab,ti 

4 (pancrea* NEAR/3 islet*):ab,ti 

5 (beta NEAR/2 cell*):ab,ti 

6 2 OR 3 OR 4 OR 5 

7 'cell transplantation'/exp 

8 'allotransplantation'/exp 

9 'heterotopic transplantation'/exp 

10 transplant*:ab,ti 

11 8 OR 9 OR 10 

12 6 AND 11 

13 1 OR 12 

Population 14 'insulin dependent diabetes mellitus'/exp 

15 (diabet* NEAR/3 'insulin dependent'):ab,ti 

16 (diabet* NEAR/3 'type 1'):ab,ti 

17 (diabet* NEAR/3 juvenile):ab,ti 

18 14 OR 15 OR 16 OR 17 

19 18 AND [intervention search string] 

 
Reference lists of included publications were also checked and experts in the area were contacted 
to identify additional published or unpublished relevant citations. 
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EXISTING HTA REPORTS 

 
  



HealthConsult 

NFC Reference Group  Page 86 

HTA of the proposal to establish an islet transplantation procedure as a nationally funded centre  

Final Assessment Report 

Table B.1: Existing HTA Reports 2003-2011 

Organisation 
Country 

Year Title 

Medical Advisory Secretariat (MAS), Ontario 
Ministry of Health and Long–Term Care 
Canada 

2003 Islet transplantation: an evidence based analysis 

Alberta Heritage Foundation for Medical 
Research 
Canada 

2003 Islet Cell Transplantation for the Treatment of Non-
uremic Type 1 Diabetic Patients with Severe 
Hypoglycaemia  

Agency for Healthcare Research and Quality 
(AHRQ) 
USA 

2004 Islet Transplantation in Patients with 
Type 1 Diabetes Mellitus 

National Institute for Health and Clinical 
Excellence (NICE)  
UK 

2008 Interventional procedure overview of allogeneic 
pancreatic islet cell transplantation for type 1 diabetes 
mellitus  

Institute of Health Economics 
Canada 

2008 Islet cell transplantation for the treatment of type 1 
diabetes – an update 
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Appendix C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DATA EXTRACTION TABLE OF INCLUDED STUDIES
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HTA and systematic reviews 

Author/Year Objective of report 
Number & publication dates 

of included studies 

Population considered in 
included studies 

Comparative interventions 

Conclusions/ 
recommendation 

Quality Assessment 

Guo et al, 2008 
 
Setting 
Conducted by the Institute of 
Health Economics, Alberta, 
Canada. Updates a 2003 HTA 
undertaken by the same agency. 
 
 
 
 
 
 
 
 
 
 

1. To assess clinical research 
evidence on the safety and 
efficacy/effectiveness of islet 
transplantation alone (ITA) 
for patients with non-uremic 
type 1 diabetes with severe 
hypoglycaemia or 
hypoglycaemia unawareness 

2. To assess research evidence 
on the comparability of ITA 
with intensive insulin therapy 
or whole organ pancreas 
transplantation in reducing 
hypoglycaemia episodes and 
restoring insulin 
independence in this group 
of patients 

14 primary studies met 
inclusion criteria,  

 11 case series 

 1 study which examined 
safety only 

  1 retrospective study 
which compared islet 
transplantation with whole 
organ pancreas 
transplantation 

 1 study which compared 
islet transplantation with 
intensive medical therapy. 

 
Study design: 
Systematic Review 

 November 2002 to May 
2008 

 Cochrane Library, 
PubMed, CRD Databases 
(DARE, HTA & NHS 
EED), EMBASE, Web of 
Science, and CINAHL 

 Limited to English 
language, full text articles 
and human studies.  

Library collections, websites of 
various HTA agencies, research 
registers and clinical guidelines 
were also searched. 

Population 
Adults (≥18 years) who had 
type 1 diabetes for more than 5 
years with a history of severe 
hypoglycaemia episodes or 
hypoglycaemia unawareness, 
but without end stage renal 
disease. 

 
Comparative interventions: 
Whole organ pancreas 
transplantation 
Intensive insulin therapy 

Overall conclusion 
Safety: procedure-related 
complications, such as 
intraperitoneal bleeding and 
portal vein thrombosis, have 
been treated successfully. The 
frequency of a variety of 
immunosuppression-related 
complications continues to be 
of greater concern.  
Efficacy: limited evidence that 
transplantation could restore 
insulin-independence with 
adequate glycaemic control in 
30-69% of patients in the short 
term, however, islet function 
appeared to deteriorate over 
time.  Partial islet function with 
reduced insulin requirement 
could provide protection from 
severe hypoglycaemia and 
improve glycaemic control.  
Overall: ITA may be effective 
in a small group of highly 
selective patients for whom the 
benefits of stable glycaemia and 
freedom from hypoglycaemia 
outweigh the potential risks of 
islet transplantation. 

Quality: High 

Explicit review questions: Yes 

Explicit & appropriate eligibility 
criteria: Yes 

Explicit & comprehensive search 
strategy: Yes 

Quality of included studies 
appraised: Yes 

Methods of study appraisal 
reproducible: Yes 

Heterogeneity between studies 
assessed: N/A 

Summary of main results clear 
and appropriate: Yes 
 
Applicability: HIGH 
Variation in number of 
transplants used in each study 
and immunosuppressive 
regimes. 

Results 
Study quality:  Of the 11 key studies, eight received a score of 14/18 or above. However, only two were multicentre and only three enrolled consecutive patients. 
 
Safety: 
Procedure related complications: 
No studies reported any peri or post operative deaths. 
7 of 11 studies reported occurrence of intra-peritoneal bleeding in 6 to 23% of procedures; most of them required either blood transfusion or laparotomy. 
6 of 11 studies reported occurrence of portal vein thrombosis in 6 to 17% of patients. 
8 of 11 studies reported increase in liver enzyme following the procedure in 10 to 100% of patients. This appears to be self-limiting and the cause remains unclear. 
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Immunosuppression related complications: 
7 of 11 studies reported occurrence of decline in renal function (increase in albuminuria or proteinuria, elevation in serum creatinine level or decline in creatinine clearance) following the procedure in 17 to 50% 
of patients. In one study, two patients with pre-transplant kidney impairment rapidly progressed to end-stage renal disease. 
7 of 11 studies reported that initial immunosuppressive regime had to be switched to an alternative due to side effects in 10 to 37% of patients. 
6 of 11 studies reported discontinuation of immunosuppressive therapy due to graft failure or immunosuppressive related complications in 4 to 33% of patients. 

 

Efficacy:   
Insulin independence rates varied across the 11 studies from 30 to 69% at one year (9 studies), 14 to 33% at 2 years (3 studies) and 7.5% at 5 years (one study).  
Reduced HbA1c levels (improved glycaemic control) were observed in all studies, even with partial graft function and in patients without insulin independence. 
9 of 11 studies reported that patients who achieved insulin independence were completely free from hypoglycaemia episodes. In patients on insulin therapy, hypoglycaemia episodes occurred in some patients 
but were reduced in severity. 
Two studies reported on Health Related Quality of Life (HRQL). Both showed reduced fear of hypoglycaemia but were inconsistent in terms of overall HRQL.  
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Primary studies 

Author and Year, Country, 

Setting, N 
Study objective and design Study population Results Quality Assessment 

Bellin et al. (2008) 
 
Minnesota, USA 
Single centre 
August 2003 to March 2005 
 
N = 6 enrolled patients   
 
Follow up: 
Annual follow up after 1 
year post transplant 
consisting of questionnaires 
for patient and physician 
plus laboratory studies. 
Follow up: mean of 1173 
days ± 270 (SD) since last 
islet infusion 
 

Objective 
To determine the long term outcomes 
in type-1 diabetic recipients of 
intraportal alloislet transplants on a 
modified immunosuppressive 
protocol. 
 
Study design 
Prospective case series 
 
Intervention 
Islet cell transplantation 

 
Immunosuppressive regime 
Induction: ATG 
and etanercept 
Maintenance: Cyclosporine and 
everolimus. 
Mycophenolic acid or 
mycopheolicmofietil substitute for 
everolimus in all patients (ranging 
from day 153 to 1.4 years post 
transplant) 
 
Comparator 
None 
 

Inclusion/exclusion criteria: 
Inclusion: 
≥18 years of age 
History of type 1 diabetes with severe 
hypoglycaemia and reduced awareness 
of hypoglycaemia (Clark 
hypoglycaemia unawareness score ≥4 
of 7) despite intensive diabetes 
management 
 
Exclusion: 
BMI >26kg/m2 
Insulin daily requirements >50 
IU/day 
Positive c-peptide levels 
Untreated proliferative retinopathy 
Creatinine clearance 
<60ml/min/1.73m2 for women and 
<70ml/min/1.73m2 for men 
Panel reactive anti-HLA antibody 
levels >10% 

 
Patient characteristics: 
Islet transplant (n=6) 
Age: mean 43.4 years ±5.17 (SD) 
1 male/5 female 
Diabetes duration: mean 29 years 
±11.35 (SD) 
Weight: mean 66.4 kg ±8.79 (SD) 
Baseline A1C: mean 7.3% ± 0.7 (SD) 
Basal insulin requirements: mean 0.36 
units/kg/day ±0.6 (SD) 
Severe hypoglycaemic episodes 1 year 
pre-transplant: mean 6 ± 1 (SD) 

Total of 11 islet grafts. Recipients who failed to reach 
insulin independence with a first graft underwent a second 
graft 54-476 days after the first. 1 recipient required 1 graft, 
1 received two islet grafts simultaneously and 4 underwent 
two consecutive infusions. 
Recipients received a mean of 11872 IE/kg ± 2541 (SD)   
 
Safety 
All experienced aphthous ulcers, leukopenia and transient 
elevations of liver enzymes in the early post transplant 
period. 
Two patients experienced symptomatic cholelithiasis or 
acute cholecystitis and required cholecystectomy. 
Serum creatinine levels: 

 Baseline mean:0.8±0.1 mg/dl (SD) 

 1 year post transplant mean: 1.1±0.2mg/dl (SD) 

 Most recent follow up mean: 1.1±0.3mg/dl (SD) 
Measured GRF: 

 Baseline mean: 110 ± 21 mL/min/1.73m2 (SD) 

 1 year post transplant mean: 83 ± 19 ml/min/1.73m2 
(SD) 

Mean urinary microalbumin: 

 Baseline mean: 12 ±12 mg/g Cr (SD) 

 1 year post transplant mean: 23 ± 19 mg/g Cr (SD) 
One recipient required antihypertensive medications pre 
transplant, four did post transplant. 
One recipient required lipid-lowering medications pre 
transplant, three did post transplant. 

 
Efficacy 
At 1 year post transplant: 

 5/6 insulin independent 

 All recipients have Hba1c levels of <6% 

 OGTT: 2 recipients consistent with diabetes, 2 
impaired glucose tolerance, two normal response 

 No recurrence of severe hypoglycemia 
At 2 years post transplant: 

 4/6 insulin independent 

 Hba1c level: mean 6.0% ± 0.7 (SD) 

Level IV 

Quality FAIR 

Consecutive sample? N/R 

Selection criteria clear? Yes 

Uniform disease prognosis? Yes 

Follow-up adequate? Yes 

Outcomes objective/blinded? 
Yes 

Applicability  FAIR 

Relevant population: Yes 

Applicable comparator: N/A 

Applicable intervention: Partially –
different immunosuppressive 
regime 
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Benhamou et al. (2009) 
(Same series as Badet et al. 
(2007) included in Guo et al. 
(2009), included here due to 
new data) 
 
France, Switzerland 
Multi centre 
Recruitment dates N/R 
 
N = 10 enrolled patients   
 
Follow up: 
Patients completed QOL 
questionnaires at baseline, 6 
and 12 months after their 
first transplant 
 
 

Objective 
To assess health-related quality of life 
(QOL) in order to establish the 
benefits of islet transplantation 
 
Study design 
Prospective case series 
 
Intervention 
Islet cell transplantation 

 
Immunosuppressive regime 
Tacrolimus, Sirolimus, Dacluzimab 
 
Comparator 
None 
 

Inclusion/exclusion criteria: 
Inclusion: 
18 – 65 years of age 
>5 years duration of diabetes 
Frequent episodes of severe 
hypoglycaemia 

 
Patient characteristics: 
Islet transplant (n=31) 
Age 50.0 years ± 6 (IQR) 
6 male/4 female 
Diabetes duration 29 years ±14 (IQR) 

 

Patients received a maximum of two islet transplants (10 
000 IE/kg body weight in total) 
 
Safety 
See Guo et al., 2009 
 
Efficacy 
See Guo et al., 2009 
 
Quality of life 
36 item short form health survey (SF-36) 
Significant improvements at six months in the dimensions 
of physical functioning, role-physical, bodily pain, general 
health, social functioning as well as the physical 
component score and health transition. 
At 12 months, role physical, general health, social 
functioning and health transition were significantly 
improved from baseline. 
 
Diabetes Quality of Life Scale (DQOL) 
DQOL global score significantly improved at six months 
and remained so at 12 months. This was due to 
improvement in the dimensions of satisfaction and impact 
of diabetes. 

Level IV 

Quality FAIR 

Consecutive sample? Unclear 

Selection criteria clear? Yes 

Uniform disease prognosis? Yes 

Follow-up adequate? Yes 

Outcomes objective/blinded? 
Yes 

Applicability  HIGH 

Relevant population: Yes 

Applicable comparator: N/A 

Applicable intervention: Yes 
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Vantyghem et al. (2009) 
 
France 
Single centre 
Recruitment dates N/R, 
initiated in 2003 
 
N = 14 enrolled patients   
 
Follow up: 
Patients were followed up 
monthly during the first year 
and every six months 
thereafter for routine clinical 
and biological evaluation. 
Follow up at time of report: 
median 39 months (32-48 
IQR) 
 

Objective 
To investigate the influence of 
primary graft function on graft 
survival and metabolic control after 
islet transplantation with the 
Edmonton protocol 
 
Study design 
Prospective case series 
 
Intervention 
Islet cell transplantation 

 
Immunosuppressive regime 
Tacrolimus, Sirolimus, Dacluzimab 
 
Comparator 
None 
 

Inclusion/exclusion criteria: 
Inclusion: 
18 – 65 years of age 
>5 years duration of diabetes 
Arginine stimulated C-peptide <0.2 
ng/ml 
Hypoglycaemia unawareness or 
documented metabolic lability 
 
Exclusion: 
BMI >28kg/m2 
Unstable arteriopathy or heart disease 
Active infection 
Previous transplantation 
Insulin daily requirements >1.2 
units/kg 
Creatinine clearance <60 ml/min per 
1.73 m2 
Malignancy 
Smoking 
Desire for pregnancy 
Psychiatric disorders 
Lack of compliance 

 
Patient characteristics: 
Islet transplant (n=14) 
Age: median 42 years (36-51 IQR) 
7 male/7 female 
Diabetes duration: median 27 years 
(17-31 IQR) 
Weight: median 71 kg (61-78 IQR) 
Baseline A1C: median 8.5% (7.3-8.9 
IQR) 
Basal insulin requirements: median 
0.53 units/kg/day (0.41-0.68 IQR) 

Total of 38 islet preparations delivered in 2 (n=4), three 
(n=3) infusions 
 
Safety 
42 grade 3 or higher adverse events (National Cancer 
Institute common terminology for adverse events version 
3.0) in 11 patients 

 3 related to the procedure 

 36 related to immunosuppression 
Five most frequent events: 

 Neutropenia (11) 

 Anemia (5) 

 Diarrhea (4) 

 Elevated liver enzymes (3) 

 Increase in osteoarthritis pain (3) 
3 grade 4 events: 

 Bile leak following percutaneous infusion 

 Mechanical bowel obstruction after surgical infusion 

 Neutropenia requiring discontinuation of 
immunosuppression 

 
Efficacy 
At 2 years follow up: 

 Insulin independent: 9/14 (64.3%) 

 Functioning graft 11/14 (78.6%) 

 American Diabetes Criteria 
o Normal: 6/14 (42.9%) 
o Glucose intolerant: 2/14 (14.3%) 
o Diabetes: 6/14 (42.9%) 

 Optimal graft function (-score ≥7): 9/14 (64.3%) 

 Sub-optimal primary graft function (-score ≤6): 
5/14 (35.7%) 

Level IV 

Quality HIGH 

Consecutive sample? Yes 

Selection criteria clear? Yes 

Uniform disease prognosis? Yes 

Follow-up adequate? Yes 

Outcomes objective/blinded? 
Yes 

Applicability  HIGH 

Relevant population: Yes 

Applicable comparator: N/A 

Applicable intervention: Yes 
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Warnock et al. (2008) 
(Most recent update of 
Thompson et al. (2008)) 
 
Canada 
Single centre 
January 2002 – January 2005 
 
N = 50 enrolled patients  
(42 for analysis: 8 withdrew); 
of the 42 included in the 
analysis, 11 had medical 
therapy only and 31 received 
islet transplants)  
 
Follow up: 
Interim report of data up to 
July 15, 2008 
Medical therapy: mean 
follow up 34 months ± 18 
(SD) (range 9-67) 
Islet transplantation: 38.4 
months ± 18 (SD) (range 
12-58) 
 
 

Objective 
To assess whether transplantation of 
islets into type 1 diabetics could 
improve outcomes of glucose 
metabolism, renal function, 
retinopathy, and neuropathy 
compared with intensive medical 
therapy. 
 
Study design 
Prospective, cross-over, cohort 
 
Intervention 
Islet cell transplantation 
 
Comparator 
Intensive medical therapy 
 
Immunosuppression regime 
Induction: ATG 
Maintenance: SIR or MMF, TAC 

Inclusion/exclusion criteria: 
Inclusion: 
20 – 65 years of age 
>5 years duration of diabetes 
c-peptide negative 
evidence of retinopathy and mild 
nephropathy (urine albumin-to-
creatinine ratio >2.0 mg/mL and 
GFR > 70 mL/min) 
 
Exclusion: 
Ischemic heart disease 
Previous transplant 
Recurrent infections 
Malignancy (other than basal or 
squamous skin cancer) 
 
Patient characteristics: 
Islet transplant (n=31) 
Mean age 45.6 years±8.3 (SD) 
17 male/14 female 
Diabetes duration 32.9 years ±9.0 
(SD) 
BMI (kg/m2) 25.3 ±2.9 (SD) 
HbA1c level immediately preceding 
transplantation 7.0% ±0.7 (SD) 
 
Medical therapy (n=42) 
Mean age 46 years±8.5 (SD) 
22 male/20 female 
Diabetes duration 30.2 years ±9.4 
(SD) 
BMI (kg/m2) 25.7 ± 3.4(SD) 
HbA1c level at entry 8.1% ±1.2 (SD) 

31 patients received 70 infusions: 1 infusion in 7 patients, 2 
infusions in 12, 3 infusions in 9 and 4 infusions in 3 
25 of the 31 patients are considered to have complete 
transplants (targets of >12,000 IE/kg) 
 
Safety 
3 patients ceased immunosuppression; 2 due to side effects 
and 1 due to progressive skin cancer 
 
Efficacy 
 16 of 25 patients who have completed their transplant 
(64%) remain insulin independent. 
Patients with partial graft function who have resumed 
insulin currently take 33 to 75% of their pre transplant 
dose. 
Median quarterly HbA1c was lower for transplant vs 
medical therapy at all time periods studied. Pooling all 
numbers, HbA1c was 7.4 for medical vs 6.6 for transplant 
(P<0.01) 
 
Nephropathy 
GFR declined for medical (0.45 mL/min/month ± 0.7 
(SD)) and islet transplantation (0.12 mL/min/month ± 0.7 
(SD)) (P=0.1) 
The rate of change (slope of GFR decline) for 
transplantation did not differ significantly from 0, nor from 
that expected in the general population (1 mL/min/year); 
the medical group rate of change was greater than 0 and 
faster than expected for the general population. 
 
Retinopathy 
Eyes with mild non proliferative diabetic retinopathy 
(NPDR) did not progress. 
In other eyes, more progression occurred on medical 
therapy (10/82 eyes) than after transplantation (0/51 eyes) 
(P<0.01) 
 
Neuropathy 
No significant deterioration was observed from baseline in 
either group.  

Level III-2 

Quality FAIR 

Were the subject selected 
prospectively? Yes 

Was there sufficient description 
about how the subjects were 
selected? No – not clear how 
transplant recipients were 
selected 

Were the groups comparable? 
Yes 

Did the study adequately 
control for potential 
confounding factors in the 
design or analysis? Yes 

Was the measurement of 
outcomes unbiased? No 

Was follow up long enough for 
outcomes to occur? Yes (but 
note, it is interim analysis, study 
is scheduled to complete after 5 
years follow up) 

Did the analysis include an 
intention to treat analysis? Yes 
(patients who stopped 
immunosuppression were 
included in the treatment group) 

Were drop-out rates and 
reasons for drop-out similar 
across the groups? No – 8 drop 
outs all from medical therapy 

Applicability  HIGH 

Relevant population: Yes 

Applicable comparator: Yes 

Applicable intervention: Yes 
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Table D.1: Outcomes associated with glycaemic control 

Author (year) N Insulin requirement (U/day) HbA1c (%) 
C-peptide Hypoglycaemia Quality and 

Applicability 

IHE(84) Badet(88) 10 30.5±2.8 pre vs 7.8±3.3 1 year post 
transplant (P<0.001) 

8.58±0.47 pre vs 6.65±0.17 post 
transplant (P<0.003). Improved in all 
patients, ≤6.2 in 3 insulin independent 
patients at 3 years 

Basal 1.19±0.22 ng/ml at 1 year 
(P<0.001 vs pre transplant), >0.3 in all 
patients, >0.5 in 8/10 patients 

Number of episodes/month: 18±4 
pre transplant, 2 (in 1 patient) at 6 
months, 4 (1 patient) and 20 (1 
patient) at 1 year 

High quality 
systematic 
review 

Froud(56) 16 12.6±5.4 post vs 32.7±11.2 pre 
transplant in 8 patients 

Returned to normal in 8 insulin 
independent patients over 3 years 

Detectable in all patients while on 
immunosuppression 

No severe hypoglycaemia 

Hering(89) 8  Within normal range post transplant in 
all patients when insulin free 

Detectable in 7/8 patients post 
transplant 

None in all patients over 1 year 

Hering(111) 6 Reduced in 2 patients, transient 
reduction in 1 patient 

Normal in 4 insulin independent 
patients over 1 year 

Detectable in 4 insulin independent 
patients over 1 year 

None in 4 insulin independent patients 

Hirshberg(90) 6 Reduced in 3 patients who were 
insulin independent 

8.2±1.2 pre vs 6.04±0.06 1 year post 
transplant (6 patients) 

All 6 patients demonstrated arginine 
stimulatable C-peptide levels for more 
than 1 year post transplant 

No severe hypoglycaemia in all 6 
patients 

Keymeulen(91) 24 Significantly lower at 1 year in 8 
insulin dependent patients (P<0.01) 

 ≥0.5 ng/ml in 18 patients at 1 year No severe hypoglycaemia episodes in 
18 patients with c-peptide ≥0.5ng/ml 

Lee(92) 12  Median 8.7 pre vs 5.9 post transplant 
(P<0.0003) (time of measurement not 
clear) 

Increased in all patients  

Maffi(93) 19  8.6±0.03 pre vs 
6.8±0.02 1 year post (17 patients, 
P<0.001 vs pre) 
6.4±0.02 2 years post (8 patients, 
P<0.02 vs pre) 

Fasting c-peptide: 0.01±0.01 pre 
0.46±0.07 nmol/l 1 year post (17 
patients, P<0.001 vs pre) 
0.50±0.03 2 years post (8 patients, 
P<0.001 vs pre) 

No severe hypoglycaemia post 
transplant, even with insulin therapy 

O‘Connell(57) 6 Reduced in 5 patients after the 1st 
infusion 

Reduced in all patients, mean 8.4 
(range 7.8-9.7) pre vs mean 7.2 (range 
5.5 to 9.2) 1 year post transplant (<6.0 
in 1 patient) 

Detectable in 5 patients (≥0.3) Mild episodes in 3 patients, severe 
hypoglycaemia episodes in 1patient 
after discontinuation of 
immunosuppression after graft loss 
and in 1 patient who never achieved 
any graft function 

Ryan(13) 65 Decreased in patients on insulin with 
persistent c-peptide: 0.34±0.04 post vs 
0.66±0.0.03 pre transplant (P<0.991); 
increased in patients who lost islet 
function: 0.80±0.08 post vs 0.69±0.08 
pre transplant (P=0/03) (U/kg/day) 

Median 6.4 (IQR 6.1 to 6.7) in patients 
off insulin vs 6.7 (IQR 5.9 to 7.5) in 
patients who resumed insulin but c-
peptide positive vs 9.0 (IQR 6.7 to 
9.3) in patient who lost graft function 
(P=0.025) (most recent measurement) 

Lower in patients on insulin than 
those off insulin both basally 
(0.49±0.05 vs 0.86±0.05 nmol/l, 
P<0.001) and post stimulation 
(0.93±0.08 vs 1.62±0.07, P<0.001) 
(time of measurement not reported) 

HYPO scored significantly improved 
for up to 4 years, some hypoglycaemia 
episodes occurred with the use of 
insulin 

Shapiro(55) 36 Reduced in both insulin independent 
and partial graft function patients over 
2 years 

Reduced in insulin independent (under 
6.0) and partial graft function (under 
7.0) patients over two years 

Detectable (>0.3 ng/ml) in 70% of 
patients at 2 years 

Full protection in insulin independent 
group 

Bellin(108) 6 Mean pre transplant 23.7±4.43. At 2 
years follow up, 2 recipients were 

Mean pre transplant 7.3±0.7. All 
recipients have Hba1c levels of <6 1 

All six recipients had evidence of c-
peptide production at most recent 

Pre transplant mean of 37.8±55 severe 
hypoglycaemic episodes in the 1 year 

Fair quality 
Fair 
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Author (year) N Insulin requirement (U/day) HbA1c (%) 
C-peptide Hypoglycaemia Quality and 

Applicability 

using insulin; 6 and 11.0 (from 22.9 
and 28.0 pre transplant respectively). 

year post transplant. At 2 years post 
transplant Hba1c level: mean 6.0 ± 0.7 
for all recipients and 5.6%±0.2 for 
insulin independent recipients 

follow up (≥2.6 years) prior. Post transplant no recurrence of 
severe hypoglycaemia 

applicability 

Vantyghem(110) 14  Median at inclusion 8.7 (IQR8.0-9.2), 
at 2 year follow up: median 7.8 
(IQR7.4-8.7) for patients with 
suboptimal graft function (n=5), 
median of 5.8 (IQR5.4-6.5) for 
patients with optimal graft function 
(n=9) (P<0.05 vs inclusion and 
suboptimal grafts) 

0 at inclusion, at 2 year follow up: 
median of 0.17 (IQR 0-0.53) nmol/l 
for patients with suboptimal graft 
function (n=5), median of 0.5 
(IQR0.4-0.6) for patients with optimal 
graft function (n=9) (P<0.05 vs 
inclusion) 

 High quality 
High 
applicability 

Warnock(107) 50 Patients with partial graft function 
who have resumed insulin currently 
take 33 to 75% of their pre transplant 
dose 

Median quarterly HbA1c was lower 
for transplant vs medical therapy at all 
time periods studied. Pooling all 
numbers, HbA1c was 7.4 for medical 
vs 6.6 for transplant (P<0.01) 
Pre transplant HbA1c was 7.9±1.2 

Mean fasting c-peptide  (pmol/ml) in 
insulin independent patients 448±184 
vs 241±141 in those who have 
resumed some insulin (P<0.01) 

 Fair quality 
High 
applicability 
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Table F.1: Stakeholder consultation list 

Name Location Position Date of consultation Consultation type 

New South Wales 

Dr Philip O’Connell Westmead Hospital 
Clinical Professor, University of Sydney Director 
Transplantation Westmead 

Wednesday 20th April and 9th June 
2011 

Face-to-face 

Professor Jeremy Chapman Westmead Hospital Director Renal Unit Westmead Hospital 
Wednesday 20th April and 9th June 
2011 

Face-to-face 

A/Professor Wayne Hawthorn Westmead Hospital 
Manager Islet Laboratory  
Westmead Hospital 

Wednesday 20th April  Face-to-face 

Kathy Meleady Westmead Hospital 
NSW NFC Reference Group representative 
Director Statewide Services Development Branch 

Wednesday 20th April Face-to-face 

George Leipnik Westmead Hospital 
NSW representative, Statewide Services 
Development Branch 

Wednesday 20th April Face-to-face 

Victoria 

Dr Dominic Wall 
CBCT @ Peter Mac  
Melbourne 

CSO Cell Therapies P/L & Production Nominee 
for the Center for Blood Cell Therapies (CBCT) at 
Peter MacCallum 

Friday 1st April 2011 Face-to-face 

Mr Ray Wood 
Cell Therapies @ Peter Mac 
Melbourne 

Managing Director 
Cell Therapies P/L  

Friday 1st April 2011 Face-to-face 

Professor Tom Kay St. Vincent‘s Institute 
Head, Tom Mandel Islet Transplant Program 
(TMITP) 

Friday 1st April and 10th June 2011 Face-to-face 

A/Prof David Goodman St. Vincent‘s Hospital Transplant Physician, TMITP Friday 1st April and 10th June 2011 Face-to-face 

Dr Tom Loudovaris St. Vincent‘s Institute Islet Isolation Manager, TMITP Friday 1st April and 10th June 2011 Face-to-face 

Dr Anne Thorburn St. Vincent‘s Institute Admin Manager, TMITP Friday 1st April and 10th June 2011 Face-to-face 

Dr John Vrazas St. Vincent‘s Hospital Radiologist, TMITP Friday 1st April 2011 Face-to-face 

Professor Tony d’Apice St. Vincent‘s Hospital Director, Immunology Research Centre Friday 1st April 2011 Face-to-face 

Professor Peter Colman Royal Melbourne Hospital 
Director, Department of Diabetes and 
Endocrinology, University of Melbourne 

Wednesday 8th June 2011 Teleconference 

Professor Brendan Murphy Austin Hospital CEO, Austin Health Thursday 9th June 2011 Teleconference 

Professor Richard Larkins  Monash University Member, Islet Transplant Program Executive Board Friday 17th June 2011 Teleconference 

Dr Paul Fennessy Department of Health Victoria 
Manager, Genetics & Health Technology Unit; 
Victorian jurisdictional representative on the NFC 
Reference Group 

Thursday 31st March 2011 Face-to-face 
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Queensland 

Dr Anthony Russell Princess Alexandra Hospital Director, Diabetes and Endocrinology Wednesday 8th June 2011 Teleconference 

Dr Michael D’Emden Royal Brisbane & Women's Hospital Staff Endocrinologist Wednesday 8th June 2011 Teleconference 

Western Australia 

Dr Joey Kaye Sir Charles Gairdner Hospital 

Head, Department of Endocrinology and Diabetes, 
Sir Charles Gairdner Hospital 
Head, Diabetes Centre, 
Sir Charles Gairdner Hospital 

Wednesday 20th April 2011 Teleconference  

Associate Professor Seng Khee 
Gan 

Royal Perth Hospital 

Consultant Endocrinologist 
Head, Department of Endocrinology and Diabetes, 
Royal Perth Hospital 
 
 

Thursday 16th June 2011 Teleconference 

South Australia 

Dr David Torpy Royal Adelaide Hospital Senior Consultant/Endocrinologist Wednesday 15th June 2011 Face-to-face 

Associate Professor Toby Coates 
Royal Adelaide Hospital 
University of Adelaide 

Renal Transplant Nephrologist 
Associate Professor in Medicine Wednesday 15th June 2011 Face-to-face 

Chris Drogemuller Royal Adelaide Hospital Senior Medical Research Scientist 
Friday 25th March and Wednesday 
15th June 2011 

Face-to-face 

Toni Miller Royal Adelaide Hospital Islet transplantation program coordinator 
Friday 25th March and Wednesday 
15th June 2011 

Face-to-face 

Northern Territory 

Dr Monique Stone Royal Darwin Hospital Staff Specialist Wednesday 8th June 2011 Teleconference 

Tasmania 

Dr Roland W. McCallum  Royal Hobart Hospital Staff Endocrinologist and General Physician Wednesday 30th March 2011 Face-to-face 

Australian Capital Territory 

Dr Dennis Wilson Canberra Hospital Unit Director, Endocrinology Monday 20th June 2011 Teleconference  

Juvenile Diabetes Research Foundation (JDRF) 

Dorota Pawlak JDRF Head of Research Development Tuesday 8th March Face-to-face 

Dr Goldstein  JDRF International representative Tuesday 8th March Face-to-face 
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Key findings and recommendations 

 The three key stages of the islet transplantation journey are very similar clinically.

 It is recommended that Stage 1 commences when the transplant physician accepts the patient
on to the islet transplant waiting list and ends on the admission date to hospital for Islet
Transplant Two minus one day.

 It is recommended that Stage 2 commences on the day the patient is admitted for Islet
Transplant Two and ends on the day of admission to hospital for Islet Transplant Three minus
one day or three months post discharge if no further transplant is indicated.

 It is recommended that Stage 3 commences on the day the patient is admitted for Islet
Transplant Three and ends three months post discharge.

 It is recommended that $88,470 be set as the per transplant price for the islet isolation
process.

 It is recommended that $3,598 be set as the price per islet transplant procedure.

 It is recommended that $9,828 be set as the pharmaceutical price per islet transplant.

 The costing analysis indicated very little difference in cost between the three hospitals
currently involved in islet transplant services.

 Having examined the cost of the current service delivery model, with particular focus on islet
isolation and travel costs, there is no financial benefit associated with any of the alternative
models considered.

 Overall, the current service delivery model provides greater access to islet transplantation
services and minimises the degree of isolation from patient support systems.
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1 Introduction 

This is a report from the Centre for Health Service Development (CHSD), University of 
Wollongong.  It presents a set of costing results relating to islet transplantation services in 
Australia and has been prepared in response to an invitation from a working group of the 
Nationally Funded Centres (NFC) Reference Group.   
 
In late 2010, the Centre for Health Service Development completed a costing project on behalf of 
the Juvenile Diabetes Research Foundation that formed part of a submission to the NFC 
Program to fund a National Islet Transplantation Service.  The outcome of this project was a 
report that provided cost estimates of current islet transplantation services in Australia.  The 
report was structured to comply with the costing pro forma contained in the Nationally Funded 
Centre Guidance document.   
 
In December 2011, the Nationally Funded Centres Reference Group (NFCRG) established a 
working group to further consider the NFC submission.  The working group has commissioned 
the current project to address specific costing issues.  A paper, titled ‘Costing of Islet Cell 
Transplantation - Proposed Way Forward’ was prepared by the NFCRG working group and 
contains details of the particular issues to be addressed.  Some of the issues in the paper were 
recommended in a separate Health Technology Assessment report completed by the firm 
HealthConsult in 2011 whilst other issues were raised directly by the NFCRG.   
 
CHSD was engaged to undertake the current project and to complete supplementary costing on 
behalf of the NFCRG.  Part of the rationale for commissioning this work relates to the fact that 
funding to NFC sites is typically calculated based on an agreed cost per procedure multiplied by 
the number of procedures actually undertaken. 
 
The tasks to be completed as part of this project consist of:   
 
 Develop a clear definition of each stage of the islet transplant patient journey; 

 Undertake additional detailed costing of the islet isolation process, maintaining clean room 
facilities and complying with the new Therapeutic Goods Administration (TGA) regulatory 
framework for biologicals. Further detailed costing to be included as follows: 

o Costs of differential methods of transplantation;  

o Anti-rejection drug regime costed and existing revenue streams identified;  

o Detailed travel and accommodation costs for each stage, depending on the models for 
service delivery; 

 Develop a costing methodology based on a ‘Staged Care Approach’ where three possible 
stages of a patient’s journey are separately costed; 

 Develop separate costs for four different models of service delivery currently under 
consideration by the NFCRG; 

 Discuss the potential to adopt an Activity Based Funding approach for the transplantation 
component of islet transplantation. 

1.1 Data used in preparing this report 

A substantial volume of data has been compiled in the course of this project.  Data have been 
obtained from the following sources.  
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Islet Transplant Program staff 
 Islet isolation laboratory costs including a detailed breakdown of: 

o processing and consumable costs  

o facility costs 

o hourly salary rates and on costs of laboratory staff 

o quality assurance related costs including costs of TGA compliance 

 Standard drug regimen for islet transplant recipients; 

 Information resulting from consultations with clinical and scientific staff at each of the islet 
transplantation hospitals. 

Hospital pharmacy departments 
 Drug utilisation and cost data for all previous islet transplant recipients. 

Hospital casemix/ performance management units 
 Patient level DRG cost data for all previous islet transplant recipients. 

Other  
 Australian Bureau of Statistics population distribution data. 

1.2 Structure of this report  

This report is structured to follow the sequence of the identified project tasks.   
 
Section 1 outlines the background to the project and the structure of this report; 
 
Section 2 outlines the islet transplant clinical process for the purpose defining start and end 
points for each stage of the patient journey;  
 
Section 3 provides the results of a detailed costing of the islet isolation process.  As requested, a 
considerable level of detail is provided here in relation to each element of the transplant process;   
 
Section 4 provides a Stage of Care costing by applying the costing results presented in Section 3 
to the stages of the patient journey outlined in Section 2;  
  
Section 5 provides a Service Delivery Model costing by applying the costing results presented in 
Section 3 to each of the service delivery models being considered by the NFCRG; 
 
Section 6 presents a brief discussion of the key issues associated with adopting an Activity 
Based Funding approach to islet transplantation services.   
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2 A definition of each stage of the islet transplant patient journey 

To inform the costing analysis, consultations were held with clinicians from Royal Adelaide 
Hospital, St Vincent’s Hospital (Melbourne) and Westmead Hospital (Sydney).  An important 
element of this consultation process was to form a view regarding start and end points of each 
episode within the islet transplant patient journey.  This section set outs three ‘patient journey’ 
flowcharts, and discusses clinical and related issues identified during the consultation process 
that have influenced the costing analysis.   
 
The process of islet transplantation has similarities and differences with solid organ 
transplantation that impact on this costing analysis.  The most significant difference relates to the 
clinical process.  With a solid organ transplant, customarily only one transplant occurs and the 
transplantation phase is the most resource intensive stage of the process.  With islet 
transplantation, the islet isolation undertaken in the laboratory is the most expensive component 
of the process and it is rare for a patient to receive a single islet transplant.  Clinical evidence and 
expert opinion show that the vast majority of patients will require a second islet transplant and a 
sub-set of this patient cohort will require a third islet transplant.  The decision to proceed to 
second and third transplants is based on measurable and auditable clinical criteria.  For example 
a subsequent transplant would not be required if the patient has: no need for exogenous insulin, 
an Hba1C < 6.7% and a blood glucose level less than 10mmol/L. 
 
Another difference with solid organ transplantation is that the hospital inpatient stay is 
comparatively shorter.  A key similarity is that both groups of patients require immuno-
suppressive therapy and associated monitoring and review.  All transplant patients remain on 
anti-rejection drug regimes for as long as the transplant remains viable. 
 
The sequential nature of these transplants is depicted in Figure 1 below.  It is anticipated that 
100% of selected patients will receive Islet Transplant One, experience within Australia and 
overseas suggests that over 80% of patients will proceed to Islet Transplant Two, with a smaller 
proportion, estimated at 10% or less proceeding to Islet Transplant Three.  No patient receives 
more than three islet transplants.  The time between transplants is largely dictated by compatible 
donor availability.  Any patient in the blood group of the donor, awaiting a second islet transplant 
having received a first graft, receives the first offer if a compatible donor is found. 

Figure 1 Islet Transplantation Process 
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2.1  Procuring the islets 

Donor pancreata are allocated by a protocol established by the Transplantation Society of 
Australia and New Zealand (TSANZ) that includes allocations for both whole-organ and islet 
transplants.  Under the guidance of the national authority, state-based organ procurement 
organisations seek consent for donation, transplant and/or research, determine the use of the 
organ according to protocol, and provide data for tissue and blood group matching.  Serology and 
tissue-typing is carried out by the Australian Red Cross Blood Service as part of the matching 
process.  The transplant team identifies a suitable recipient from their waiting list.1 
 
The unit accepting the pancreas for islet isolation is responsible for arranging the surgical 
procedure using a team of qualified surgeon(s) and associated staff.  The unit accepting the 
pancreas for islet isolation is responsible for liaison with the relevant donor co-ordinator to 
achieve surgical starting times mutually acceptable to the donor hospital and all involved donor 
surgical teams.  The unit accepting the pancreas for islet isolation is responsible for ensuring that 
the pancreas meets medical standards for organ donation and is delivered in a safe and 
appropriate manner to the recipient unit's hospital2.  This process is summarised in Figure 2 
below. 

Figure 2 Donation to Isolation 

 
 
 

2.2  Stage 1 - Islet Transplant One 

The stages of the patient journey for ‘Islet Transplant One’ are depicted in Figure 3 below. 
 
 
 
  

                                                 
1
 Islet Transplantation Program: Comprehensive Submission to Nationally Funded Centres Program. Draft Version 8.0, 11 November 

2010, page 10. 
2
 The Transplantation Society of Australia and New Zealand, available at: 

http://www.tsanz.com.au/organallocationprotocols/pancreasprotocol.asp accessed 30 March 2012. 
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Figure 3 The patient journey – Islet Transplant One 

 
 

2.2.1 Patient accepted to the islet transplant waiting list 

Patients are referred initially to the transplant physician by an endocrinologist.  With the 
development of the Islet Transplant Program, the teams at the three hospitals have become 
increasingly skilled at identifying patients appropriate for transplant.  Nevertheless a proportion of 
patients will be seen, undergo preliminary work up and assessment, and not be accepted on to 
the islet transplant waiting list for medical reasons.  The costs of these consultations (usually with 
the hospital transplant co-ordinator and transplant physician) are borne by the hospital.   
 
For costing purposes the episode is deemed to begin when the transplant physician accepts the 
patient on to the islet transplant program. 

2.2.2 Work up – post acceptance to islet transplant program 

The second phase of the work up following acceptance on to the islet transplant program usually 
occurs over two days, either as an outpatient or with the patient requiring an overnight stay.  If 
the patient lives remotely from the hospital, assistance may be required with travel and 
accommodation costs.  A wide range of testing occurs which is more invasive than the 
preliminary testing prior to acceptance on to the waiting list.  At this point the patient consents to 
the transplant.  This work up provides a baseline to monitor the clinical impact of the transplant 
and the ongoing effects of the immuno-suppressive therapy.  It also supports compliance with the 
reporting requirements of the Collaborative Islet Transplantation Registry.   

2.2.3 Monitoring 

This occurs in conjunction with the referring endocrinologist however the transplant physician 
reviews the patient at least monthly to ensure their ongoing readiness for transplant should a 
donor organ become available.  Routine blood tests are collected monthly and ongoing dialogue 
occurs with the referring endocrinologist over insulin dosage and patient management.  The time 
period for this phase is dictated by the availability of a donor organ but is customarily between 
three to six months. 
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2.2.4 Donor organ procured 

This process has previously been outlined in Figure 2.  The patient is not usually contacted until 
the isolation process is advanced enough to give an indication of the viability of the islets for 
transplant.  The chief scientist and transplant physician have frequent contact throughout the 
isolation process.  At the appropriate time the transplant physician contacts the patient and they 
are admitted at least four hours prior to the scheduled transplant procedure to commence 
immuno-suppressive therapy (Atgam) which is infused via a central line.  Patients are admitted 
on the day of the transplant procedure. 

2.2.5 Transplant 

There are two methods used for the transplant procedure.  At St Vincent’s Hospital the patient is 
admitted to the ward.  Prior to the procedure the patient is transferred to the interventional 
radiology department and immuno-suppressive therapy commences.  The patient is sedated but 
does not receive a general anaesthetic.  A cannula is inserted into the portal vein under 
ultrasound guidance and the islets are infused over several hours.  Usually two bags of islets are 
infused over four to five hours.  This is frequently done after-hours due the availability of the 
interventional radiology suite.  During the procedure the transplant nurse, transplant physician, 
anaesthetist and interventional radiologist and radiographer will all be present.  At the end of the 
procedure the patient returns to the general medical haematology ward for 1:1 nursing for at least 
12 - 16 hours.  This ward is preferred as the nursing staff are familiar with the immuno-
suppressive therapy regime. 
 
Westmead Hospital and the Royal Adelaide Hospital have a similar approach.  The transplant 
occurs in the operating theatre and the patient receives a general anaesthetic.  A mini-
laparotomy is performed with a cannula inserted (under radiological guidance) into the 
mesenteric vein and threaded into the portal vein in the liver.  At each hospital, post procedure 
the patient is transferred to the transplant ward and is nursed with a 1:1 ratio for at least 16 
hours. 
 
This inpatient admission usually extends for five to six days.  This allows for close monitoring of 
the graft and the maintenance of the immuno-suppressive therapy commenced on the day of the 
transplant.   

2.2.6 Post transplant management 

A patient rarely stays in hospital between transplants.  However, they do need to remain close to 
the hospital for regular monitoring and review which occurs as an outpatient.  In the first week 
post discharge, the patient requires daily blood tests, by week two these are second daily, by 
week three the tests are twice weekly and by four weeks post discharge they have reduced to 
once per week. 
 
Patients are in contact with the transplant nurse daily for several weeks post transplant.  Patients 
are usually kept on insulin therapy immediately post transplant and when they return home they 
must monitor their blood sugar levels closely as their insulin dose is progressively reduced over 
successive months.  This also necessitates close contact with the transplant physician for the 
three months post transplant.  Patients are usually only provided with prescriptions for a two 
month period of immuno-suppressive drugs at a time and return to the hospital every two months 
to renew their supply.  These two monthly visits occur for the life of the graft. 
 
At the end of the three month period post transplant the transplant physician aims to transfer the 
patient back to the referring endocrinologist for ongoing management of the patient’s diabetes.  
However, the referring specialist frequently requests assistance from the transplant physician in 
managing the potential risks and impact of the immuno-suppressive therapy, meaning that 
shared care arrangements often eventuate. 
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At three months following transplant, the clinical indications for transplant two are usually in 
evidence.  At this time the patient is advised that a second transplant is required and whilst they 
await a suitable donor, monthly review occurs by the transplant physician.  If the patient lives a 
long distance from the hospital, they have blood tests taken close to home with the results 
reviewed by the transplant physician, endocrinologist and patient by telephone.  However, the 
patient does need to be seen by the transplant physician at least on a bi-monthly basis. 
 
Twelve months post-transplant the patient usually requires more intensive investigation such as 
kidney scans, to monitor the impact of the immuno-suppressive therapy.  Readmission is rarely 
required post transplant.  The patient is never discharged from the Islet Transplant Program.  
They are monitored at least annually for the remainder of their life. 
 
The NFC Guidance document states that the NFC Program will normally pay from the point of 
hospital discharge to three months post discharge.  It also notes that there may be exceptions to 
this policy depending on the type of procedure funded under a particular program.   
 
Our view is that funding up to a three month point following transplant would be appropriate if a 
patient received only one islet transplant.  However this would generate an artificial endpoint in 
the majority of cases where the patient proceeds to a second islet transplant.  The need for a 
second transplant is customarily identified within a three month period post transplant one.   
 
Recommendations: Stage 1 
 
For costing purposes, the episode is deemed to begin when the transplant physician accepts the 
patient on to the islet transplant program. 
 
For costing purposes, the episode is deemed to end three months post discharge (if no further 
transplant is indicated) or on the day of admission to hospital for Islet Transplant Two minus one 
day. 

2.3  Islet Transplant Two 

Transplant physicians advise that the aim from the outset of the patient journey is to transplant at 
least twice.  Ideally no more than 3 – 6 months will elapse between transplant one and transplant 
two, depending on donor availability.  The stages of the patient journey for ‘Islet Transplant Two’ 
are depicted below in Figure 4.   
 
For costing purposes, the episode is deemed to commence on the day the patient is admitted to 
hospital for Islet Transplant Two.   
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Figure 4 The patient journey – Islet Transplant Two 

 
 

2.3.1 Transplant physician determines second transplant required 

The transplant physician normally determines the requirement for a second transplant within the 
three month period following the first transplant.  There are auditable clinical criteria that confirm 
the need for the subsequent transplant.  As the patient has been monitored continuously by the 
transplant physician there is no additional work up cost in this phase. 

2.3.2 Monitoring 

Whilst the patient does require some pre-transplant monitoring this is not as extensive as what is 
required preceding the first transplant (It is estimated that 60% of the pre-transplant monitoring 
that occurred in Islet Transplant One is replicated prior to Islet Transplant Two and Islet 
Transplant Three).  The patient continues to be reviewed on a monthly basis as the team awaits 
a donor match.  The time period for this phase of care is dictated by donor organ availability.  
Clinical experience in Australia suggests that this period most often extends from 3 – 18 months.  
However, one patient has been waiting for more than 18 months for a compatible donor for a 
second transplant. 

2.3.3 Donor organ procured 

This process has been outlined previously and nothing different occurs in Islet Transplant Two.  
The patient is again admitted at least four hours prior to the scheduled transplant procedure to 
receive (Atgam) which is infused via a central line and monitoring. 

2.3.4 Transplant 

This inpatient admission usually extends for two to four days with a shorter time period than for 
Islet Transplant One as the transplant team have prior experience with the patient’s response to 
transplant.  This allows for close monitoring of the graft and immuno-suppressive therapy regime. 
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2.3.5 Post transplant management 

The post transplant management process is the same as for the patient in transplant one.  For at 
least three months post discharge the patient is regularly reviewed by the transplant physician.  
Clinical review will be required two monthly for the life of the graft – this is dictated by the 
pharmacy needs of the patient as the drugs they require are not readily available out side of 
hospitals and are high cost.  Most hospitals will not dispense more than two months worth of 
these medications. 
 
Recommendations: Stage 2 
 
For costing purposes, the episode is deemed to commence on the day the patient is admitted to 
hospital for Islet Transplant Two.   
 
For costing purposes, the episode is deemed to end three months post discharge (if no further 
transplant is indicated) or on the day of admission to hospital for Islet Transplant Three minus 
one day. 

2.4  Islet Transplant Three 

Rarely is a third islet transplant clinically indicated.  The patient journey replicates the process 
outlined in Islet Transplant Two and is therefore not replicated here.   
 
For costing purposes, the episode is deemed to commence on the day the patient is admitted for 
Islet Transplant Three.  The episode is deemed to end three months post discharge.  The stages 
of the patient journey for ‘Islet Transplant Three’ are depicted below in Figure 5.  

Figure 5 The patient journey – Islet Transplant Three 

 
Recommendations: Stage 3 
 
For costing purposes, the episode is deemed to commence on the day the patient is admitted to 
hospital for Islet Transplant Three.  
 
For costing purposes, the episode is deemed to end three months post discharge.   
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3 Detailed costing of the islet transplantation process 

This Section provides a detailed costing of the islet transplantation process.  The costing analysis 
is primarily focussed on the islet isolation process as this represents the largest cost component 
of the transplant process.  The cost of pharmaceuticals and cost differences arising from 
transplant methods are also assessed.    

3.1 A separate and detailed costing of the islet isolation process 

Islet cell isolation is the most expensive component of the islet transplant process due to the 
inherent complexity of the laboratory processes.  The process takes between two and three days 
to complete and involves numerous staff members undertaking different elements of the isolation 
process.   
 
For the purposes of this costing analysis, comprehensive cost data were obtained from the islet 
isolation laboratories at Westmead Hospital and St Vincent’s Hospital on all aspects of the 
isolation process.  Data were obtained previously for the initial NFC submission but these have 
been refined, modified and updated to reflect costs as at March 2012.   
 
As the isolation process follows a standard protocol, many costs can reasonably be expected to 
be the same at different laboratories.  There are, however, some variations in practice and 
environment that result in cost differences between the two sites.    
 
The key cost elements associated with maintaining and operating a laboratory suitable for islet 
isolation are:  
 
 processing costs including consumables 

 facility maintenance costs  

 laboratory staff costs  

 TGA compliance costs 

Each of these cost elements is discussed below and detailed cost breakdowns provided for the 
two laboratories currently in use.  Costs are presented on a per isolation basis and presume that 
25 isolations will be undertaken per year in each laboratory.   

3.1.1 Processing costs 

This cost element comprises consumables, supplies and related processing costs incurred with 
each islet isolation undertaken.   
 
Processing costs - St Vincent’s Hospital 
The processing costs of each islet isolation undertaken at St Vincent’s Hospital are $13,790.  A 
detailed cost breakdown is shown in Table 1.  As more than 90% of processing costs relate to 
consumables, a separate breakdown of these costs is shown in Table 2.  The cost of 
consumables varies depending on whether or not an isolation process yields islets in sufficient 
quantity and quality to be transplanted.   
 
The consumable costs where transplantation occurs are $11,990 compared with $10,562 where 
transplantation does not occur.  Costs that differ depending on whether transplantation occurs 
are shown in bold in Table 2.  The final cost of consumables for St Vincent’s Hospital has been 
calculated as $12,418.  This figure has been derived by applying $11,990 to the one third of 
pancreata that are transplanted and $10,562 to the two thirds of pancreata that are not 
transplanted and adding a 12.5% fee levied by Peter MacCallum to St Vincent’s for consumables 
ordered by Peter MacCallum for St Vincent’s isolation processes.   
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Table 1 Processing/consumables costs per islet isolation - St Vincent’s Hospital 

BSC/Cleanroom No. 
Operator 

Hours Consumables Sub-total 

Total 
Operator 

Hours 

Total 
Labour 

costs 
Total 

Consumables Total 

  Processing Costs                 

Environmental monitoring supplies                 

  
In-process monitoring, includes 
operator monitoring (TSA & RODAC 
plates) 

1   $185 $185     $185 $185 

In-process cleaning & sanitisation of 
consumables entering BSC 

1               

  
Sterile EtOH/IPA (2 Bottles per 
process @ $52/bottle) 

1   $104 $104     $104 $104 

  
Disinfectant ( 0.25 Bottles per process 
@ $55.56/bottle, Biocide A) 

1   $14 $14     $14 $14 

  
Disinfectant ( 0.25 Bottles per process 
@ $69.33/bottle, Biocide B) 

1   $17 $17     $17 $17 

  Sterile wipes ($126.42/box of 150) 1   $126 $126     $126 $126 

Cleanroom garments/gloves/masks               $0 

  Processing 15   $47 $705     $705 $705 

Scrubs/overshoes                 

  Processing 10   $14 $140     $140 $140 

Consumables 1   $12,418 $12,418     $12,418 $12,418* 

Waste management 1 1.0 $14 $14 1 $67 $14 $81 

  Costs per islet process 1 1.0 $12,939 $13,723 1 $67 $13,723 $13,790 

*The consumables total of $12,418 includes a 12.5% fee levied by Peter McCallum to St Vincent’s for consumables 
ordered by Peter McCallum for St Vincent’s isolation processes. 

Table 2 Consumables costs - St Vincent’s Hospital 

Non- transplant isolations Transplant isolations 

Item Item Type 
Price per 

item 
Items per 
isolation 

Price per 
isolation 

Items per 
isolation 

Price per 
isolation 

Tube Polypropylene Centrifuge,conical $1.22 72 $87.53 72 $87.53 
Erlenmeyer Flask Polycarb. Erlenmeyer $11.04 9 $99.40 9 $99.40 
0.22µm Filter Unit PES Membrane, Sterile $5.83 1 $5.83 1 $5.83 
0.22µm Filter Unit PES Membrane, Sterile $8.75 1 $8.75 1 $8.75 
Bottle-Media Sterile Nalgene $5.21 3 $15.63 3 $15.63 
Bottle-Media Sterile Nalgene $7.50 4 $30.00 4 $30.00 
Bowl Set Disposable,Sterile $26.32 1 $26.32 1 $26.32 
Instrument Set Disposable,Sterile $27.92 1 $27.92 1 $27.92 
Metzembaum Scissors Disposable,Sterile $2.40 2 $4.80 2 $4.80 
Dressing Scissors Sharp/Blunt, Green Handle $1.56 2 $3.13 2 $3.13 
Basic Forceps Pointed,Disposable,Sterile $1.81 2 $3.62 2 $3.62 
Scissors Sharp/Sharp, Green Handle $1.55 2 $3.10 2 $3.10 
Specimen Jar Disposable,Sterile $2.28 1 $2.28 1 $2.28 
Clipseal Bag Small Sterile $0.73 12 $8.74 12 $8.74 
Clipseal Bag Big Sterile $1.00 7 $7.02 7 $7.02 
Cannula 14G Disposable,Sterile $2.22 0.5 $1.11 0.5 $1.11 
Cannula 16G Disposable,Sterile $2.22 0.5 $1.11 0.5 $1.11 
Cannula 18G Disposable,Sterile $2.22 0.5 $1.11 0.5 $1.11 
Cannula 20G Disposable,Sterile $2.22 0.5 $1.11 0.5 $1.11 
Standard Extension Set Tubing $2.50 8 $20.00 8 $20.00 
Minimum Volume Extension Set Tubing $1.20 2 $2.40 2 $2.40 
Extension Set Tubing $1.20 2 $2.40 2 $2.40 
BD Q-Stle "Y" extension set Tubing $3.75 2 $7.50 2 $7.50 



Centre for Health Service Development 
 
 

Supplementary Costing of Islet Cell Transplantation Services  Page 18  

Non- transplant isolations Transplant isolations 

Item Item Type 
Price per 

item 
Items per 
isolation 

Price per 
isolation 

Items per 
isolation 

Price per 
isolation 

Sample Tissue Container Disposable,Sterile $1.26 10 $12.64 10 $12.64 
Suction Tubing Disposable,Sterile $2.09 3 $6.28 3 $6.28 
Yankauer Suction Disposable,Sterile $1.08 8 $8.66 8 $8.66 
1 ml Syringe Luer Lock $0.27 2 $0.55 2 $0.55 
3 ml Syringe Luer Lock $0.06 6 $0.36 6 $0.36 
5 ml Syringe Luer Lock $0.09 5 $0.45 5 $0.45 
10 ml Syringe Luer Lock $0.12 5 $0.60 5 $0.60 
20 ml Syringe Luer Lock $0.53 8 $4.24 8 $4.24 
50 ml Syringe Luer Lock $0.61 35 $21.42 35 $21.42 
1 ml Pipette Serology Advantage $0.22 16 $3.52 16 $3.52 
2 ml Pipette Serology Advantage $0.25 6 $1.50 6 $1.50 
5 ml Pipette Serology Advantage $0.25 10 $2.50 10 $2.50 
10 ml Pipette Serology Advantage $0.25 15 $3.75 15 $3.75 
25 ml Pipette Serology Advantage $0.53 25 $13.13 25 $13.13 
50 ml Pipette Serology Advantage $2.50 7 $17.50 7 $17.50 
Tissue Culture Plate Disposable,Sterile $1.20 5 $6.00 5 $6.00 
Tissue Culture Plate Disposable,Sterile $2.81 0 $0.00 0 $0.00 
Tissue Culture Plate Disposable,Sterile $1.20 2 $2.40 2 $2.40 
Mixing Cannula Disposable,Sterile $0.08 35 $2.91 35 $2.91 
Transfer Pipette Disposable,Sterile $0.14 9 $1.29 9 $1.29 
Codan Spike with 0.2mm air filter $1.80 10 $18.00 10 $18.00 
Exchange Coupler   $2.39 14 $33.41 14 $33.41 
CombiLock Syringe Cap $0.13 20 $2.60 20 $2.60 
Cobe 2991 Cell Processing Kit Cobe Bag $58.30 2 $116.60 2 $116.60 
0.22µm Sterile Syringe Filter   $0.84 2 $1.68 2 $1.68 
Tissue Culture Bag   $27.08 0 $0.00 3 $81.25 
Tissue Culture Bag   $33.00 0 $0.00 0 $0.00 
Tissue Culture Bag   $85.00 0 $0.00 3 $255.00 
Tissue Culture Flask Green Cap $3.26 0 $0.00 0 $0.00 
Tissue Culture Flask Green Cap $4.06 0 $0.00 0 $0.00 
Disposable 12L Canister   $29.00 3 $87.00 3 $87.00 
Disposable Stainless Steel Ball Disposable,Sterile $71.00 1 $71.00 1 $71.00 
Disposable Stainless Steel Ball Disposable,Sterile $71.00 0 $0.00 0 $0.00 
Collection Tubing Set   $44.50 2 $89.00 2 $89.00 
Digestion Chamber Circuit Set   $95.00 1 $95.00 1 $95.00 
Disposable Temperature Probe Disposable,Sterile $25.51 1 $25.51 1 $25.51 
Digestion Chamber Disposable+533mm mesh $117.35 1 $117.35 1 $117.35 
Cryotube   $1.04 10 $10.36 10 $10.36 
Needle   $0.03 30 $0.76 30 $0.76 
Bag Transfer Terumo Transfer $2.48 0 $0.00 0 $0.00 
Amber Wide-Mouth Bottle Nalgene $3.51 1 $3.51 1 $3.51 
Amber Wide-Mouth Bottle Nalgene $3.14 1 $3.14 1 $3.14 
Povidone-Iodine Sterile, Liquid $1.76 1 $1.76 1 $1.76 
Gentamycin Sterile, Liquid $0.74 1 $0.74 1 $0.74 
Cephazolin Sterile,Powder $1.40 1 $1.40 1 $1.40 
Desferoxamine (DFO) Sterile,Powder $8.25 1 $8.25 1 $8.25 
Desferoxamine (DFO) Sterile,Powder $33.30 1 $33.30 1 $33.30 
10% CaCl Sterile, Liquid $1.87 2 $3.75 2 $3.75 
Dithizone  Sterile,Powder $0.83 1 $0.83 1 $0.83 
DMSO Sterile, Liquid $26.20 2 $52.39 2 $52.39 
Water For Injection (10ml) Sterile, Liquid $0.24 5 $1.18 5 $1.18 
Water For Injection (1000ml) Sterile, Liquid $2.75 3 $8.25 3 $8.25 
Sodium Chloride 0.9%   $1.41 0 $0.00 0 $0.00 
HEPES 1M Sterile, Liquid $45.83 2 $91.67 2 $91.67 
HBSS (1x) Sterile, Liquid $35.00 3 $105.00 3 $105.00 
L-Glutamine 200mM $43.00 1 $43.00 1 $43.00 
Humulin 100U $18.09 3 $54.27 3 $54.27 
Heparin 25000U/5ml $1.93 2 $3.86 2 $3.86 
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Non- transplant isolations Transplant isolations 

Item Item Type 
Price per 

item 
Items per 
isolation 

Price per 
isolation 

Items per 
isolation 

Price per 
isolation 

Albumex 20 (20%)   $100.00 20 $2,000.00 20 $2,000.00 
Amphotericin B Fungizone $82.50 2 $165.00 2 $165.00 
Pulmozyme Dnase $39.33 5 $196.67 5 $196.67 
UW Preservation Solution $325.00 1 $325.00 1 $325.00 
Biocoll 1.100 Gradient Solution $337.00 1 $337.00 1 $337.00 
Media 199 w/o phenol red   $51.90 11 $570.90 11 $570.90 
CMRL-1066 Supp. Media   $50.00 0 $0.00 0 $0.00 
Miami Media 1A   $135.00 0 $0.00 5 $675.00 
Transplant Media   $44.75 0 $0.00 1 $44.75 
Collagenase P GMP Grade   $4,214.58 0.8 $3,371.67 0.8 $3,371.67 
Neutral Protease GMP Grade   $1,057.29 1 $1,057.29 1 $1,057.29 
Liberase MTF C/T+Thermolysin   $3,450.00 0.2 $690.00 0.2 $690.00 
Perfusion Buffer   $48.00 0 $0.00 0 $0.00 
Histoacryl    $15.53 1 $15.53 1 $15.53 
Microbiol Tests QC Evaluation Test $17.00 0 $0.00 6 $102.00 
Histology QC Evaluation Test $43.00 1 $43.00 1 $43.00 
Endotoxin QC Evaluation Test $45.00 0 $0.00 6 $270.00 
NGTMRE QC Evaluation Test $50.00 1 $50.00 1 $50.00 
AO/ETBR QC Evaluation Test $50.00 3 $150.00 3 $150.00 
Label+Paper Record $25.00 1 $25.00 1 $25.00 
Total cost per isolation        $10,562   $11,990 
 
Processing costs - Westmead Hospital 
The processing costs of each islet isolation undertaken at Westmead Hospital are $13,048.  A 
detailed cost breakdown is shown in Table 3.  As more than 90% of processing costs relate to 
consumables, a separate breakdown of these costs is shown in Table 4. The cost of 
consumables varies depending on whether or not an isolation process yields islets in sufficient 
quantity and quality to be transplanted.   
 
The consumable costs where transplantation occurs are $11,980 compared with $10,693 where 
transplantation does not occur.  Costs that differ depending on whether transplantation occurs 
are shown in bold in Table 4.  The final cost of consumables for Westmead Hospital has been 
calculated as $12,234.  This figure has been derived by applying $11,980 to the one third of 
pancreata that are transplanted and $10,693 to the two thirds of pancreata that are not 
transplanted and adding a 10% handling fee levied by the CBCT to the Islet Transplant Program. 

Table 3 Processing/consumables costs per islet isolation - Westmead Hospital 

BSC/Cleanroom No. 
Operator 

hours Consumables 
Sub-
total  

Total 
operator 

hours 

Total 
labour 
costs 

Total 
consumables Total 

  Processing Costs per prep                 

Environmental monitoring supplies               $0 

  

In-process monitoring, includes 
operator monitoring (TSA & RODAC 
plates) 1   $185 $185     $185 $185 

In-process cleaning & sanitisation of 
consumables entering BSC 1           $0 $0 

  
Sterile EtOH/IPA (2 Bottles per 
process @ $52/bottle) 1   $52 $52     $52 $52 

  
Disinfectant ( 0.25 Bottles per 
process @ $55.56/bottle, Biocide A) 1   $14 $14     $14 $14 

  
Disinfectant ( 0.25 Bottles per 
process @ $69.33/bottle, Biocide B) 1   $17 $17     $17 $17 

  Sterile wipes ($126.42/box of 150) 1   $63 $63     $63 $63 
Cleanroom 
garments/gloves/masks/overshoes               $0 

  Processing 8   $38 $304     $304 $304 
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BSC/Cleanroom No. 
Operator 

hours Consumables 
Sub-
total  

Total 
operator 

hours 

Total 
labour 
costs 

Total 
consumables Total 

Cleanroom Man Hours (including 
gowning/degowning procedures)               $0 

  
Room preparation (before Isolation 
Day) 1             $0 

  
Isolation preparation (Day of 
Isolation) 1             $0 

  Isolation 1             $0 

  Transplant Preparation 1             $0 

Scrubs               $0 

  Processing 8   $10 $80     $80 $80 

Consumables 1   $12,234 $12,234     $12,234 $12,234* 

Waste management 1 1 $18 $18 1 $81 $18 $99 

  Cost per islet process 1 1 $12,632 $12,968 1 $81 $12,968 $13,048 

*The consumables total of $12,234 includes a 10% CBCT handling fee charged to the islet transplant program. 

Table 4 Consumables costs - Westmead Hospital 

   Non- transplant isolations Transplant isolations 

Item Item Type 
Price per 

item 
Items per 
isolation 

Price per 
isolation 

Items per 
isolation 

Price per 
isolation 

Tube Polypropylene Centrifuge,conical $2.42 50 $120.83 50 $120.83 
Tube Polypropylene Centrifuge,conical $0.18 4 $0.72 0 $0.00 
0.22µm Filter Unit PES Membrane, Sterile $5.83 0 $0.00 0 $0.00 
0.22µm Filter Unit PES Membrane, Sterile $8.75 0 $0.00 0 $0.00 
Bottle-Media Sterile Nalgene $5.42 4 $21.67 4 $21.67 
Bottle-Media Sterile Nalgene $3.00 5 $15.00 5 $15.00 
Kidney dish Disposable,Sterile $0.79 3 $2.37 3 $2.37 
Instrument Set Disposable,Sterile $27.92 0 $0.00 0 $0.00 
Metzembaum Scissors Disposable,Sterile $2.40 0 $0.00 0 $0.00 
Dressing Scissors Sharp/Blunt, Green Handle $1.56 0 $0.00 0 $0.00 
Basic Forceps Pointed,Disposable,Sterile $1.81 0 $0.00 0 $0.00 
Scissors Sharp/Sharp, Green Handle $1.55 0 $0.00 0 $0.00 
Straight Side Jar Disposable,Sterile $10.00 1 $10.00 1 $10.00 
Suture 3.0 Sterile $5.05 1 $5.05 1 $5.05 
Suture 2.0 Sterile $5.05 1 $5.05 1 $5.05 
Cannula 14G Disposable,Sterile $2.22 0.5 $1.11 0.5 $1.11 
Cannula 16G Disposable,Sterile $2.22 0.5 $1.11 0.5 $1.11 
Cannula 18G Disposable,Sterile $2.22 0.5 $1.11 0.5 $1.11 
Cannula 20G Disposable,Sterile $2.22 0.5 $1.11 0.5 $1.11 
Standard Extension Set Tubing $2.50 8 $20.00 8 $20.00 
Minimum Volume Extension Set Tubing $1.20 2 $2.40 2 $2.40 
Extension Set Tubing $1.20 2 $2.40 2 $2.40 
BD Q-Stle "Y" extension set Tubing $3.75 2 $7.50 2 $7.50 
Sample Tissue Container Disposable,Sterile $1.26 10 $12.64 10 $12.64 
Suction Tubing Disposable,Sterile $2.09 3 $6.28 3 $6.28 
Yankauer Suction Disposable,Sterile $1.08 8 $8.66 8 $29.60 
1ml Syringe Luer Lock $0.27 2 $0.55 2 $0.55 
3ml Syringe Luer Lock $0.06 6 $0.36 6 $0.36 
5ml Syringe Luer Lock $0.09 5 $0.45 5 $0.45 
10ml Syringe Luer Lock $0.12 5 $0.60 5 $0.60 
20ml Syringe Luer Lock $0.53 8 $4.24 8 $4.24 
50ml Syringe Luer Lock $0.61 35 $21.42 35 $21.42 
1ml Pipette Serology Advantage $0.22 16 $3.52 16 $3.52 
2ml Pipette Serology Advantage $0.25 6 $1.50 6 $1.50 
5ml Pipette Serology Advantage $0.25 10 $2.50 10 $2.50 
10ml Pipette Serology Advantage $0.25 15 $3.75 15 $3.75 
25ml Pipette Serology Advantage $0.53 25 $13.13 25 $13.13 
50ml Pipette Serology Advantage $2.50 7 $17.50 7 $17.50 
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   Non- transplant isolations Transplant isolations 

Item Item Type 
Price per 

item 
Items per 
isolation 

Price per 
isolation 

Items per 
isolation 

Price per 
isolation 

Tissue Culture Plate Disposable,Sterile $1.20 10 $12.00 10 $12.00 
Tissue Culture Plate Disposable,Sterile $2.81 3 $8.42 3 $8.42 
Tissue Culture Plate Disposable,Sterile $1.20 2 $2.40 2 $2.40 
Mixing Cannula Disposable,Sterile $0.08 35 $2.91 35 $2.91 
Transfer Pipette Disposable,Sterile $0.14 9 $1.29 9 $1.29 
Codan Spike with 0.2mm air filter $1.80 11 $19.80 11 $19.80 
Exchange Coupler   $2.39 0 $0.00 0 $0.00 
CombiLock Syringe Cap $0.13 0 $0.00 0 $0.00 
Cobe 2991 Cell Processing Kit Cobe Bag $58.30 2 $116.60 2 $116.60 
0.22µm Sterile Syringe Filter   $0.84 0 $0.00 2 $1.68 
Tissue Culture Bag   $27.08 0 $0.00 2 $54.17 
Tissue Culture Bag   $33.00 0 $0.00 0 $0.00 
Tissue Culture Bag   $85.00 0 $0.00 1 $85.00 
Tissue Culture Flask Green Cap $3.26 0 $0.00 0 $0.00 
Tissue Culture Flask Green Cap $5.61 45 $252.27 45 $252.27 
Disposable Gradient mixer Disposable,Sterile $187.00 1 $187.00 1 $187.00 
Disposable Stainless Steel Ball Disposable,Sterile $225.00 0 $0.00 1 $225.00 
Cable tie tool Disposable,Sterile $25.00 1 $25.00 1 $25.00 
Purification Tubing Set Disposable,Sterile $20.00 1 $20.00 1 $20.00 
Digestion Chamber Circuit Set   $171.00 1 $171.00 1 $171.00 
Disposable Temperature Probe Disposable,Sterile $37.00 1 $37.00 1 $37.00 
Digestion Chamber Disposable+533mm mesh $187.00 1 $187.00 1 $187.00 
Cryotube   $1.04 10 $10.36 10 $10.36 
Needle   $0.03 30 $0.76 30 $0.76 
Bag Transfer Terumo Transfer $2.48 0 $0.00 0 $0.00 
Gloves sterile size 6.5 Sterile $0.78 10 $7.79 10 $7.79 
Gloves sterile size 7.5 Sterile $0.78 10 $7.79 10 $7.79 
Povidone-Iodine Sterile, Liquid $1.76 1 $1.76 1 $1.76 
Ciprofloxacin Sterile, Liquid $0.20 1 $0.20 1 $0.20 
Cephazolin Sterile,Powder $1.40 1 $1.40 1 $1.40 
Desferoxamine (DFO) Sterile,Powder $8.25 6 $49.50 6 $49.50 
Desferoxamine (DFO) Sterile,Powder $33.30 0 $0.00 0 $0.00 
10% CaCl Sterile, Liquid $1.87 0 $0.00 2 $3.75 
Dithizone  Sterile,Powder $0.83 1 $0.83 1 $0.83 
DMSO Sterile, Liquid $26.20 2 $52.39 2 $52.39 
Water For Injection (10ml) Sterile, Liquid $0.24 5 $1.18 5 $1.18 
Water For Injection (1000ml) Sterile, Liquid $2.75 3 $8.25 3 $8.25 
Sodium Chloride 0.9%   $1.41 0 $0.00 0 $0.00 
HEPES 1M Sterile, Liquid $45.83 2 $91.67 2 $91.67 
HBSS (1x) Sterile, Liquid $35.00 1 $35.00 1 $37.00 
L-Glutamine 200mM $43.00 0.2 $8.60 0.2 $8.60 
Humulin 100U $22.00 2 $44.00 2 $44.00 
Heparin 25000U/5ml $4.85 5 $24.25 5 $24.25 
Albumex 20 (20%)   $100.00 8 $800.00 11 $1,100.00 
Amphotericin B Fungizone $82.50 1 $82.50 1 $82.50 
Pulmozyme Dnase $39.33 5 $196.67 5 $196.67 
UW Preservation Solution $325.00 1 $325.00 1 $325.00 
Biocoll 1.100 Gradient Solution $337.00 1 $337.00 1 $337.00 
Media 199 w/o phenol red   $51.90 14 $726.60 14 $693.00 
CMRL-1066 Supp. Media   $50.00 0 $0.00 0 $0.00 
Miami Media 1A   $135.00 2 $270.00 5 $675.00 
Transplant Media   $44.75 0 $0.00 1 $44.75 
Collagenase P GMP Grade   $4,339.58 1 $4,339.58 1 $4,339.58 
Neutral Protease GMP Grade   $1,182.29 1 $1,182.29 1 $1,182.29 
Liberase MTF C/T+Thermolysin   $3,450.00 0.2 $690.00 0.2 $690.00 
Perfusion Buffer   $48.00 0 $0.00 0 $0.00 
Histoacryl    $15.53 1 $15.53 0 $0.00 
Microbiol Tests QC Evaluation Test $30.95 0 $0.00 2 $61.90 
Gram Stain QC Evaluation Test $30.95 0 $0.00 1 $30.95 
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   Non- transplant isolations Transplant isolations 

Item Item Type 
Price per 

item 
Items per 
isolation 

Price per 
isolation 

Items per 
isolation 

Price per 
isolation 

Endotoxin QC Evaluation Test $79.00 0 $0.00 1 $79.00 
NGTMRE QC Evaluation Test $5.00 0 $0.00 1 $5.00 
Bactec culture vials QC Evaluation Test $4.39 0 $0.00 4 $17.56 
Label+Paper Record $25.00 1 $25.00 1 $25.00 
Total cost per isolation       $10,693   $11,980 

3.1.2 Facility and maintenance costs 

This cost element represents maintenance activities associated with clean room facilities and are 
typically calculated on an annual basis.  They are shown here as an annual cost and as a cost 
per isolation based on each laboratory undertaking 25 isolations per year.    
 
Facility and maintenance costs – St Vincent’s Hospital 
Facility and maintenance costs for St Vincent’s Hospital are $132,644 annually or $5,306 per islet 
isolation.  A detailed breakdown is shown in Table 5.  It is noted that the maintenance costs of  
St Vincent’s Hospital have recently decreased significantly (from $370,000 per annum) due to a 
revised commercial arrangement relating to the use of the clean rooms at the Centre for Blood 
Cell Therapies, Pater MacCallum Cancer Centre.  

Table 5 Facility and maintenance costs - St Vincent’s Hospital 

BSC/Cleanroom No. 
Operator 

Hours Maint. Calib. Consum. Sub-total 

Total 
Operator 

Hours 

Total 
Labour 

costs 
Total 

Maint. 
Total 

Calib. 
Total 

Consum. Total 

Maintenance                         

Air handling                         

  Fans 12   $50 $50 $1,215 $15,785     $600 $600 $14,585 $15,785 

  Hepa Filters 12       $1,000 $12,000         $12,000 $12,000 
EMS - Annual Maintenance/Calibration 
(including particle counters) 1     $9,500   $9,500       $9,500   $9,500 
Annual certification of cleanrooms, 
BSCs and staged areas 1     $3,800   $3,800       $3,800   $3,800 
Annual electricity costs for each HEPA 
filter Unit 12       $2,431 $29,171       $0 $29,171 $29,171 
Annual electricity costs for each BSC & 
Incubator 4       $499 $1,997       $0 $1,997 $1,997 
Annual electricity costs for Air-
conditioning 1       $7,972 $7,972       $0 $7,972 $7,972 

Annual CO2 Gas costs for Incubators 1       $2,228 $2,228       $0 $2,228 $2,228 
Equipment maintenance & calibration 
(eg centrifuges, incubators) 1   $400 $400   $800     $400 $400   $800 
Environmental monitoring (routine & 
post-certification) 5 6         30 $1,531       $1,531 

Environmental monitoring supplies                         

  
Routine monitoring (TSA & RODAC 
plates) 5 4     $120 $600 20 $1,021     $600 $1,621 

Air sampler maintenance & calibration 2   $400 $400   $1,600     $800 $800   $1,600 
Routine cleaning (quarterly; entire 
facility) 4 12         48 $2,450       $2,450 

  Sterile water ($3.50/L; 40L per clean) 4       $140 $560         $560 $560 

  

Disinfectant ($500 for 50 bottles of 
concentrate, each makes 5L; 20L 
required per clean) 4       $40 $160         $160 $160 

  Sterile wipes ($126.42/box of 150) 52       $63 $3,287         $3,287 $3,287 

Room &  BSC cleans (Bi-weekly) 52 4         208 $10,617       $10,617 

  Sterile water ($3.50/L; 10L per clean) 52       $35 $1,820         $1,820 $1,820 

  

Disinfectant ($500 for 50 bottles of 
concentrate, each makes 5L; 5L 
required per clean) 52       $10 $520         $520 $520 

  
Disinfectant ( 0.25 Bottles per 
process @ $55.56/bottle, Biocide A) 1       $14 $14         $14 $14 

  
Disinfectant ( 0.25 Bottles per 
process @ $69.33/bottle, Biocide B) 1       $17 $17         $17 $17 

  
Sterile EtOH/IPA (0.5 Bottle per 
process @ $52/bottle) 52       $26 $1,352         $1,352 $1,352 



Centre for Health Service Development 
 
 

Supplementary Costing of Islet Cell Transplantation Services  Page 23  

BSC/Cleanroom No. 
Operator 

Hours Maint. Calib. Consum. Sub-total 

Total 
Operator 

Hours 

Total 
Labour 

costs 
Total 

Maint. 
Total 

Calib. 
Total 

Consum. Total 

  Sterile wipes ($126.42/box of 150) 52       $63 $3,287         $3,287 $3,287 
Miscellaneous housekeeping supplies 
(eg tacky mats, hand-disinfectant, non-
sterile wipes) 12       $200 $2,400         $2,400 $2,400 
Housekeeping activities (eg restocking 
gowning areas, prep of EM 
equip/consumables, weekly floor clean 
of degowning rooms) 52 2       $0 104 $5,308       $5,308 

Cleanroom garments/gloves/masks                         

  
Cleaning bi-weekly (2 persons 
cleaning) 52       $47 $2,444         $2,444 $2,444 

  

Routine cleaning monthly (2 persons 
cleaning; 3 entries/exits each per 
clean) 72       $47 $3,384         $3,384 $3,384 

  
Routine monitoring monthly (1 
person, 2 entries/exits) 24       $47 $1,128         $1,128 $1,128 

  
Facility maintenance, audits, tours, 
other 20       $47 $940         $940 $940 

Scrubs/overshoes                         

  
Cleaning between processes (2 
persons cleaning) 52       $14 $728         $728 $728 

  
Routine cleaning (2 persons 
cleaning) 24       $14 $336         $336 $336 

  
Routine monitoring (1 person, 2 
entries/exits) 12       $14 $168         $168 $168 

  
Facility maintenance, audits, tours, 
other 24       $14 $336         $336 $336 

Waste management 52 1     $14 $728 52 $2,654     $728 $3,382 

Total maintenance cost per annum   29 $850 $14,150 $16,332 $109,062 462 $23,581 $1,800 $15,100 $92,162 $132,644 

Total maintenance cost per isolation     $34 $566 $653 $4,362 18 $943 $72 $604 $3,686 $5,306 

 
Facility maintenance costs - Westmead Hospital 
Facility and maintenance costs for Westmead Hospital are $96,536 annually or $3,861 per islet 
isolation.  A detailed breakdown is shown in Table 6. 

Table 6 Facility and maintenance costs - Westmead Hospital 

BSC/Cleanroom 
N
o 

Operato
r Hours Maint. Calib. Consum. 

Sub-
total  

Total 
operato
r Hours 

Total 
labour 
costs  

Total 
maint. 

Total 
calib. 

Total 
consum. Total 

Maintenance                          

Air handling                         

  Fans 12   $62 $90 $22 $2,088 0 $0 $744 $1,080 $264 $2,088 

  Hepa Filters 12   $56 $57 $5 $1,416 0 $0 $672 $684 $60 $1,416 
EMS - Annual Maintenance/Calibration 
(including particle counters) 1     $1,500   $1,500 0 $0 $0 $1,500 $0 $1,500 

Annual certification of cleanrooms, BSCs and 
staged areas 1     $1,340   $1,340 0 $0 $0 $1,340 $0 $1,340 

Annual electricity costs for each HEPA filter 
Unit 

12       $372 $4,464 0 $0 $0 $0 $4,464 $4,464 

Annual electricity costs for each BSC & 
Incubator 4       $521 $2,084 0 $0 $0 $0 $2,084 $2,084 

Annual electricity costs for Air-conditioning 1       $5,871 $5,871 0 $0 $0 $0 $5,871 $5,871 

Annual CO2 Gas costs for Incubators 1       $2,340 $2,340 0 $0 $0 $0 $2,340 $2,340 
Equipment maintenance & calibration (eg 
centrifuges, incubators) 1 6.0 $4,670 $4,670   $9,340 0 $0 $4,670 $4,670 $0 $9,340 

Environmental monitoring (routine & post-
certification) 

5         $0 35 $0 $0 $0 $0 $2,174 

Environmental monitoring supplies   4.0                   $0 

  Routine monitoring (TSA & RODAC 
plates) 

5       $343 $1,715 20 $0 $0 $0 $1,715 $2,966 

Class II Safety cabinets e Monitoring 2 1273.6 $300 $300   $1,200 0 $0 $600 $600 $0 $1,200 

Routine cleaning (quarterly; entire facility) 5         $0 6,368 $6,368 $0 $0 $0 $6,368 

  Sterile water ($2.10/L; 40L per clean) 4       $84 $336 0 $0 $0 $0 $336 $336 

  
Disinfectant ($500 for 50 bottles of 
concentrate, each makes 5L; 20L 
required per clean) 

4       $40 $160 0 $0 $0 $0 $160 $160 

  Sterile wipes/sprays 52 4.0     $35 $1,820 0 $0 $0 $0 $1,820 $1,820 
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BSC/Cleanroom 
N
o 

Operato
r Hours Maint. Calib. Consum. 

Sub-
total  

Total 
operato
r Hours 

Total 
labour 
costs  

Total 
maint. 

Total 
calib. 

Total 
consum. Total 

Maintenance                          
Room &  BSC cleans 52         $0 208 $0 $0 $0 $0 $13,014 

  Sterile water ($2.10/L; 10L per clean) 52       $21 $1,092 0 $0 $0 $0 $1,092 $1,092 

  
Disinfectant ($500 for 50 bottles of 
concentrate, each makes 5L; 5L 
required per clean) 

52       $10 $520 0 $0 $0 $0 $520 $520 

  Disinfectant ( 0.25 Bottles per process 
@ $55.56/bottle, Biocide A) 

1       $14 $14 0 $0 $0 $0 $14 $14 

  
Disinfectant ( 0.25 Bottles per process 
@ $69.33/bottle, Biocide B) 1       $17 $17 0 $0 $0 $0 $17 $17 

  Sterile EtOH/IPA (0.5 Bottle per process 
@ $52/bottle) 

52       $26 $1,352 0 $0 $0 $0 $1,352 $1,352 

  Sterile wipes ($126.42/box of 150) 25       $42 $1,054 0 $0 $0 $0 $1,054 $1,054 
Miscellaneous housekeeping supplies (eg 
tacky mats, hand-disinfectant, non-sterile 
wipes) 

12 2.0     $34 $402 0 $0 $0 $0 $402 $402 

Housekeeping activities (eg restocking 
gowning areas, preparation of EM 
equipment/consumables, weekly floor clean 
of degowning rooms) 

52         $0 104 $0 $0 $0 $0 $6,507 

Cleanroom 
garments/gloves/masks/overshoes etc                       $0 

  Cleaning3 X weekly 
15

6       $38 $5,928 0 $0 $0 $0 $5,928 $5,928 

  Routine cleaning monthly (2 
persons) 

25       $38 $950 0 $0 $0 $0 $950 $950 

  Routine monitoring monthly (1 
person) 

12       $38 $456 0 $0 $0 $0 $456 $456 

  
Facility maintenance, audits, tours, 
other 20       $38 $760 0 $0 $0 $0 $760 $760 

Cleaning supplies services                       $0 

  
Cleaning between processes (2 
persons cleaning) 25       $21 $525 0 $0 $0 $0 $525 $525 

  Routine cleaning 
15

6       $100 $15,600 0 $0 $0 $0 $15,600 $15,600 

  Routine monitoring (1 person, 2 
entries/exits) 

12       $27 $324 0 $0 $0 $0 $324 $324 

  
Facility maintenance, audits, tours, 
other 20 1.0     $27 $540 0 $0 $0 $0 $540 $540 

Waste management 25 1290.6     $18 $450 25 $0 $0 $0 $450 $2,014 

Total maintenance cost per annum     $5,088 $7,957 $10,142 $65,658 6,760 $6,368 $6,686 $9,874 $49,098 $96,536 

Total maintenance cost per isolation     $204 $318 $406 $2,626   $255 $267 $395 $1,964 $3,861 

3.1.3 Laboratory staff costs 

This cost element comprises the salary costs of islet isolation laboratory staff.  These costs have 
been calculated based on the number of hours spent on each individual isolation activity 
multiplied by relevant salary rates.  This contrasts with the NFC submission where these costs 
were derived by dividing the annual salary costs of the minimum staffing requirements of each 
laboratory by the number of isolations.  The revised approach results in a significant reduction in 
the level of laboratory staff costs.  It does, however, raise the issue of minimum funding levels 
required for the ongoing viability of isolation laboratory teams.  
 
It is noted that for each three isolations undertaken, only one will generate sufficient islets for 
transplantation to occur.  Laboratory staff costs are about 30% less in cases where 
transplantation does not occur as the laboratory activities otherwise completed on the third day of 
the isolation process are not required.  The cost differential is included in the cost results 
presented here.    
 
Laboratory staff costs - St Vincent’s Hospital 
The hourly salary rates by staff level are shown in Table 7.  Based on these salary rates, a 
detailed breakdown of laboratory staff costs is shown in Table 8.  The cost of an islet isolation 
that proceeds to transplantation is $9,728 compared with a cost of $6,902 for an isolation that 
doesn’t proceed to transplantation.     
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Table 7 Staff hourly rates St Vincent’s Hospital 

Staff level Hourly Rate 
Standard On 

Cost Rate 
Hourly Rate plus 

on costs 
O/time On Cost Rate 

(Excl Super) 
Hourly O/time rate plus 

on costs 

Senior Manager $56.63 $22.35 $69.29 $5.35 $89.49 

Coordinator $36.78 $22.35 $45.00 $5.35 $58.12 

Technical staff (average of 13) $33.77 $14.97 $38.84 $5.35 $53.36 

Average $42.39 $19.89 $51.04 $5.35 $66.99 

Table 8 Staff costs per isolation - St Vincent’s Hospital 

Per-Isolation Costs for Isolation Staff - Cleanroom 
FTE Hrs FTE x Hrs Hourly rate Total cost Task Activity 

Before Offer Preparation  
1 15 15 $63.22 $948.23 Quality/Records    
            Preparation of worksheets and reagent labels. 

Order, receive and release consumables 
1 24 24 $57.14 $1,371.45 Stock Up   

            Prepare Kit for Isolation. Prepare Kit for 
Transplantation. Spray items into Clean Room. 
Recording lot numbers and expiry for every item 

Day 1 – Receive The Offer 
1 2 2 $89.49 $178.98 The Offer:   
            Organ Donor Agency. Discuss donor suitability. 

Donor/Pancreas Status. Organize transport of 
Pancreas 

1 1 1 $89.49 $89.49 Tissue Typing   
            Arrange/confirm typing of potential recipients. 

Receive Typing Results. Discuss Recipient 
suitability with Clinician. 

1 2 2 $89.49 $178.98 Team 
Recruitment   

            Communicate with team members about 
availability. Organize who is responsible for which 
part of the procedure and what time they are 
required. 

Day 2 Pancreas Processing (at least 2 staff required in clean room at all times for safety)  
2 5 10 $63.00 $630.03 Setting up   
            Stock up, media preparation, setting up the 

disposable digestion circuit, setting up dissection 
trays, and make sure everything all the 
equipments are operational. 

4 3 12 $63.00 $756.04 Receive Pancreas 
and Dissection   

            •Trimming, cannulation, # staff needed: 2 
            •Perfusion/Circuit preparation, # staff needed: 2 
5 3 15 $63.00 $945.05 Digestion    
            Shaker, (1 staff), Circuit: (1 staff), Sampler/Switch 

(1 staff), Collector (1 staff), Helper, Filler and data 
recorder (1staff), Pre-cobe counting (1 to 2 staff) 

            •purification preparation/priming (1 to 2 staff) 
4 6 24 $63.00 $1,512.08 Purification (2 

COBE runs)   
            2 staff will operate the COBE 
            2 staff will finish cleaning up digestion hood, 

preparing collection tubes, sampling gradient 
fractions, pooling the islets and counting. 

            Culturing: 2 staff 
            Major cleaning: 2 staff 
1 1 1 $63.00 $63.00 In Process 

environmental 
monitoring   

Post-Isolation Documentation  
1 4 4 $57.14 $228.57 Documents, data 

and record entry 
into databases   
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Per-Isolation Costs for Isolation Staff - Cleanroom 
FTE Hrs FTE x Hrs Hourly rate Total cost Task Activity 

SVI/CITR 
Non-Transplant 

Subtotal 
106   $6,901.90     

Day 3 Transplant   Islets Preparation 
for Transplant    

          In the clean room   
2 4 8 $71.42 $571.40 

  

Collect, wash and count the islets. Inform 
Director, Quality Officer, clinical team of Islet 
Quantity. Obtain sample for QC (Islet sample, 
3,000 to 4,000IEQ) 

            Cleaning prior to exit 
1 1 1 $63.00 $63.00 In Process 

environmental 
monitoring   

          In the QA area 
outside clean 
room   

          Islet Evaluation 
and Quality 
Testing    

1 2 2 $63.00 $126.01   Perform endotoxin testing 
2 4 8 $63.00 $504.03   Sterility Testing 
            Gram Staining 
            Viability testing 
            Insulin Stimulation testing 
1 2 2 $89.49 $178.98 Data collation and 

Release 
Documentation   

          Islet collection, 
transport and 
release    

2 4 8 $71.42 $571.40 In the clean room   
          

  
Collect, and wash the islets. Obtain sample for 
sterility and endotoxin 

            Cleaning prior to exit 

          

In the QA area 
outside clean 
room   

1 2 2 $63.00 $126.01   Perform endotoxin testing 
Post-Transplant Documentation  

1 12 12 $57.14 $685.72 Documents, data 
and record entry 
into databases 
SVI/CITR   

  Total 149   $9,728.44     
 
Laboratory staff costs - Westmead Hospital 
The hourly salary rates by staff level are shown in Table 9.  Based on these rates, a detailed 
breakdown of laboratory salary staff costs is shown in Table 10.  The cost of an isolation that 
proceeds to transplantation is $12,256 compared with a cost of $8,724 for an isolation that 
doesn’t proceed to transplantation.   

Table 9 Staff hourly rates - Westmead Hospital 

Staff level Hourly Rate 
Standard On Cost 

Rate  
Hourly Rate plus 

on costs 
Overtime On 

Cost Rate 
Hourly Overtime rate 

plus OT Oncosts 

Lab Director $78.98 $22.35 $96.63 10.00 $124.81 

Lab Manager  $42.94 $22.35 $52.54 5.35 $67.86 

Technical staff (average of 9) $31.49 $22.35 $38.53 5.35 $49.76 

Average $51.14 $22.35 $62.57 5.35 $80.81 
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Table 10 Staff costs per isolation - Westmead Hospital 

Per-Isolation Costs for Isolation Staff - Cleanroom 
FTE Hrs FTE x Hrs Hourly rate Total cost Task Activity 

Before Offer Preparation         
1 15 15 $85.61 $1,284.12 Quality/Records    
          

  
Preparation of worksheets and reagent labels. 
Order, receive and release consumables 

1 24 24 $74.58 $1,790.03 Stock Up   
          

  

Prepare Kit for Isolation. Prepare Kit for 
Transplantation. Spray items into Clean Room. 
Recording lot numbers and expiry for every item 

Day 1 – Receive The Offer         
1 2 2 $124.81 $249.62 The Offer:   
          

  

 Organ Donor Agency. Discuss donor suitability. 
Donor/Pancreas Status. Organize transport of 
Pancreas 

1 1 1 $124.81 $124.81 Tissue Typing   
          

  

Arrange/confirm typing of potential recipients. 
Receive Typing Results. Discuss Recipient 
suitability with Clinician. 

1 2 2 $124.81 $249.62 Team Recruitment   
          

  

Communicate with team members about 
availability. Organize who is responsible for which 
part of the procedure and what time they are 
required. 

Day 2 Pancreas Processing (at least 2 staff required in clean room at all times for safety)  
2 5 10 $76.25 $762.49 Setting up   
          

  

Stock up, media preparation, setting up the 
disposable digestion circuit, setting up dissection 
trays, and make sure everything all the 
equipments are operational. 

4 3 12 $76.25 $914.98 Receive Pancreas and 
Dissection   

            •Trimming, cannulation, # staff needed: 2 
            •Perfusion/Circuit preparation, # staff needed: 2 
5 3 15 $76.25 $1,143.73 Digestion    
          

  

Shaker, (1 staff), Circuit: (1 staff), Sampler/Switch 
(1 staff), Collector (1 staff), Helper, Filler and data 
recorder (1staff), Pre-cobe counting (1 to 2 staff) 

            •purification preparation/priming (1 to 2 staff) 
4 6 24 $76.25 $1,829.96 Purification (2 COBE runs)   
            2 staff will operate the COBE 
          

  

2 staff will finish cleaning up digestion hood, 
preparing collection tubes, sampling gradient 
fractions, pooling the islets and counting. 

            Culturing: 2 staff 
            Major cleaning: 2 staff 
1 1 1 $76.25 $76.25 In Process environmental 

monitoring   
Post-Isolation 
Documentation 

    
    

1 4 4 $74.58 $298.34 Documents, data and record 
entry into databases 
SVI/CITR   

Non-Transplant 
Subtotal 

106   $8,723.94     

Day 3 Transplant      Islets Preparation for 
Transplant    

          In the clean room   
2 4 8 $87.29 $698.29 

  

collect, wash and count the islets. Inform Director, 
Quality Officer, clinical team of Islet Quantity. 
Obtain sample for QC (Islet sample, 3,000 to 
4,000IEQ) 

            Cleaning prior to exit 
1 1 1 $76.25 $76.25 In Process environmental 

monitoring   
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Per-Isolation Costs for Isolation Staff - Cleanroom 
FTE Hrs FTE x Hrs Hourly rate Total cost Task Activity 

          In the QA area outside 
clean room   

          Islet Evaluation and Quality 
Testing    

1 2 2 $76.25 $152.50   Perform endotoxin testing 
2 4 8 $76.25 $609.99   Sterility Testing 

            Gram Staining 
            Viability testing 
            Insulin Stimulation testing 

1 2 2 $124.81 $249.62 Data collation and Release 
Documentation   

          Islet collection, transport 
and release    

2 4 8 $87.29 $698.29 In the clean room   
          

  
Collect, and wash the islets. Obtain sample for 
sterility and endotoxin 

            Cleaning prior to exit 

          
In the QA area outside 
clean room   

1 2 2 $76.25 $152.50   Perform endotoxin testing 
Post-Transplant Documentation 

1 12 12 $74.58 $895.01 Documents, data and record entry into databases SVI/CITR 
  

  Total 149   $12,256.38     
 

3.1.4 TGA compliance costs  

The Therapeutic Goods Association (TGA) is the Australian regulator responsible for undertaking 
rigorous scientific and risk assessments of therapeutic products to ensure safety, quality and 
efficacy, without undue impact on the timely supply of essential products to consumers and 
patients3.  As the TGA recovers the full cost of its regulatory activities there would be regulatory 
costs relating to human cell and tissue therapies (HCT) with the implementation of this new 
system.  Currently the laboratories that conduct the islet isolation process are TGA certified and 
comply with the code of Good Manufacturing Practice (GMP).  The impact of this upon the Islet 
Transplant Program is likely to be in the form of licensing fees, which are of high cost.  The exact 
cost and timing of these changes remains unclear.  Currently if the HCT is for use in a clinical 
trial – these costs are avoided. 
 
If the proposed change in TGA compliance costs is included in the islet isolation costs by 
hospital, it will necessitate a large one-off fee for each laboratory to meet the application and 
licensing costs ($139,700 per laboratory).  If this licensing fee for the two laboratories is 
apportioned to the costs of each islet isolation in a full year period then this equates to $11,176 
per isolation.  For the purposes of this costing analysis the application and licensing costs have 
been excluded.  The annual fee has been included and generates a cost per islet isolation of 
$2,680.  Details of TGA compliance costs are shown in Table 11 below. 
  

                                                 
3
 Australian Government, Department of Health and Ageing (February 2011),  Costs Recovery Impact Statement – Regulation of 

Biologicals (Human Cell and Tissue Therapy Products). 
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Table 11 Costs of complying with TGA regulations 

# Fee Type 
Method of 
Recovery Basis of Charge Fee ($) 

A Application Fees  

  Application Fees - ARTG Entry (Class 2 - 4) Fee for service 
Per kind of 
Biological $900  

  Application Fees - Manufacturing Licence Fee for service Per Licence $900  

B Evaluation Fees  

  Evaluation of Product Dossier (Class 3) Fee for service Per Evaluation $120,000  

  Notification of variation to ARTG entry Fee for service Per Notification $900  

  Minor Variations to Product Dossier (Class 3 and 4)* Fee for service Per Evaluation $14,500  

  Major Variations to Product Dossier (Class 3 and 4) Fee for service Per Evaluation $28,500  

  Fee for assessing an ingredient or component of a biological at sponsor's request Fee for service Per Evaluation $19,400  

C Annual Charge  

  Class 2, 3 and 4* Levy Per kind of HCT $5,500  

D Audit  

  
Inspection Fees - Initial Manufacturing Audit (Class 2, 3 and 4) - Australia and 
overseas Fee for service Per Audit $17,900  

  
Inspection Fees - Subsequent manufacturing Audits (Class 2, 3 and 4) - Australia 
and overseas* Fee for service Per Audit $13,500  

D Clinical Trials  

  Clinical Trial Notification Fee for service Per Application $280  

  Clinical Trial Exemption - Assessment of data Fee for service Per Application $21,600  
*These fees comprise the $2,680 TGA compliance cost per isolation shown in table 12 below.  

3.1.5 Summary of islet isolation process costs 

A summary of the cost of each islet isolation is shown in Table 12.  The total cost per isolation is 
$29,620 at St Vincent’s Hospital and $29,490 at Westmead Hospital.  Based on the established 
need for three islet isolations processes per transplant, the cost per transplant is $88,860 and 
$88,470 respectively.  The overall cost is very similar between the two sites, although there are 
differences between cost elements.  Westmead Hospital has higher laboratory staff costs which 
reflect higher salary rates paid at that facility.  Processing costs are higher at St Vincent’s 
Hospital which probably results from additional costs related to complying with clean room 
requirements at the Peter McCallum laboratory.  Overall, there is minimal cost difference 
between the two facilities. 

Table 12 Summary of islet isolation costs by hospital 

Cost element St Vincent's Hospital Westmead Hospital 

Processing costs $1,372 $814 

Consumables costs $12,418 $12,234 

Facility maintenance costs $5,306 $3,861 

Staff costs $7,844 $9,901 

TGA compliance costs $2,680* $2,680* 

Total per isolation $29,620 $29,490 

Total per transplant (x3)  $88,860 $88,470 
*If the TGA Compliance application fee of $139,700 was included, and the Islet Transplant Program was to bear this whole cost, this 
amount would increase to $13,856 per isolation. 

 
Recommendation - islet isolation costs 
 
It is recommended that $88,470 be set as the per transplant price for the islet isolation process. 
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3.1.6 The use of a microisolator by St Vincent’s Hospital 

St Vincent’s Hospital has indicated their intention to purchase and install a microisolator on site.  
Currently St Vincent’s Institute isolate human islets for the Islet Transplant Program using 
conventional cell processing in open incubators and open ISO5 hoods in an ISO7 clean room at 
the Peter McCallum Cancer Centre.  This has been successful and St Vincent’s will continue to 
use this clean room in 2012/2013.   
 
In the future, it is anticipated that the islet isolation process will operate within a closed 
microisolator system.  This system could replace the current clean room arrangement.  
Importantly, however, it would neither replace the existing islet isolation process nor reduce the 
number of isolations required for each transplant.  The environment within the isolator provides a 
reduced risk to product safety, quality and efficacy compared to a conventional clean room set 
up.  It is also a more comfortable environment for operators as they will work in an ISO8 room 
rather than an ISO7 room.  An added benefit is that the cost of processing pancreata in the 
BioSpherix microisolator system will be less than the current costs of using the clean rooms at 
the Peter MacCallum Cancer Centre.   
 
Whilst St Vincent’s plan to have the microisolator system fully operational by the first half of 2013, 
this is not assured.  Some indicative estimates of operating the system have been provided 
which suggest that a significant cost reduction may result if the system is successfully 
operationalised.  The costs used in this analysis are based on the current and known expenditure 
associated with the use of the clean room at the Peter MacCallum Cancer Centre. 

3.2 Costs of differential methods of transplantation 

As described in detail in Section 2, at Westmead Hospital and Royal Adelaide Hospital the 
transplant occurs in an operating theatre under general anaesthetic.  At St Vincent’s Hospital, the 
procedure occurs in the interventional radiology suite.  The patient is sedated but does not 
receive a general anaesthetic.  This is frequently done after-hours due the availability of the 
interventional radiology suite. 
 
St Vincent’s Hospital provided updated cost data in relation to the infusion procedure and these 
have been incorporated into the costing analysis.  The data from Westmead Hospital and the 
Royal Adelaide Hospital has not been updated from the NFC submission.  Although it contains 
slightly less detail, it does reflect the current costs of undertaking the infusion process at these 
hospitals.   
 
The cost data used is based on the number of hours required by each staff discipline multiplied 
by relevant salary rates.  An analysis of cost data from each hospital’s clinical costing system 
was also undertaken for comparative purposes.  However, the component of the reported DRG 
cost related to the transplant procedure could not be sufficiently well identified to allow any 
meaningful comparisons to be made.  
 
Overall, the cost of the procedure is slightly less at St Vincent’s Hospital ($3,598), relative to 
Westmead Hospital and the Royal Adelaide Hospital ($4,882). 
 
St Vincent’s Hospital costs  
 
The cost of the procedure at St Vincent’s Hospital is shown in Table 13.  An additional hour is 
costed for the transplant physician who spends one hour with the patient prior to transplant.  
Overtime rates have also been applied because of the need to perform two thirds of procedures 
out of hours. 
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Table 13 Infusion cost at St Vincent’s Hospital 

Radiology Hours per 
procedure 

Salary rate/ 
hour Cost  

Radiologist 4.0   $700.00 

Transplant physician 5.0 $169.08 $845.40 

Theatre nurse  (YP11) 4.0 $42.00 $168.00 

Anaesthetist  (HM41) 1.5 $200.00 $300.00 

Radiographer  (BE4) 1.5 $50.00 $75.00 

Ward nurse (YP11) 4.0 $42.00 $168.00 

Consumables     $514.59 

Drugs     $22.85 

Linen     $5.15 

Contrast     $15.00 

Equipment     $309.93 

Overtime      $474.00 

Total     $3,598 
 
Westmead Hospital and Royal Adelaide Hospital costs 
The cost of the procedure undertaken at Westmead Hospital and Royal Adelaide Hospital is 
shown in Table 14. 

Table 14 Infusion costs at Westmead Hospital and RAH 

Radiology Hours per 
procedure Cost  

Theatre salaries and wages  $2,108 

Surgeon 3 

Anaesthetist 3 

Registrar/Resident 3 

Scrub nurse 3 

Scout nurse 3 

Donor coordinator/Scientist 3 

Radiographer 1 

Theatre consumables $2,437 

Other 

Anaesthetic costs $337 

Total $4,882 
 
Recommendation - islet isolation costs 
It is recommended that $3,598 be set as the price per islet transplant procedure.     

3.3 Anti-rejection drug regime costed and existing revenue streams identified  

During the clinical consultation process, it was confirmed that a standard drug regimen is applied 
to patients undergoing islet transplantation.  Details of this regimen were confirmed with each of 
the three hospitals.  A number of the drugs are prescribed only during the first month following 
transplant.  Details of the standard protocol for the first three months following transplant are 
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shown in Table 15.  For the purposes of the costing, drugs for which funding is available under 
Section 100 or the Pharmaceutical Benefits Scheme have been excluded.  Based on this 
protocol, the expected per transplant drug cost during this period is $9,828.   

Table 15 Islet transplant drug protocol - first three months post transplant 

Drug Dose used 
 Cost per 

day  
Days 

mth 1 
Days 

mth1- 3 
Cost mth 

1-3 

Tacrolimus (inpatient only)* 0.05kg(65kg)/bd - 3mg bd $13.74 31 92 $54.96 

Mycophenolate (tablets) 1g bd $10.76 31 92 $989.92 

Sulfamethoxazole/Trimethoprim 1 d $0.15 31 92 $0.60 

Valganciclovir 450mg d $37.43 31 61 $2,283.23 

Nystatin 1mL qid (4 bottles) $1.40 31 $1.40 $5.60 

Pantoprazole (tablets) 40mg d $0.66 31 92 $2.64 
Induction Antithymocyte Globulin (ATG 
Fresenius) 3mg/kg/day (65kg) - 200mg $1,038.58 5 5 $5,192.90 

Vitamin E 1000IU daily $0.26 31 92 $23.92 

Vitamin B6 100mg daily $0.12 31 92 $11.04 

Vitamin A  50,000IU on alternate days $0.37 15 46 $17.02 

Metformin XR 500mg d $0.04 31 92 $0.16 

Sitagliptan 100mg d $2.67 31 92 $245.64 

Post-op medications           

Imipenem 500mg stat $24.60 1 1 $24.60 

Heparin (subcutaneous) 5000 units tds $4.62 7 7 $32.34 

Cephazolin 1g tds $2.28 6 6 $13.68 

Sodium Chloride 0.9%  As per protocol (average 20 bags) $4.46 5 5 $22.30 

Pain Relief           

Paracetamol (Intravenous) 1g qid $29.04 2 2 $58.08 

Paracetamol (tablet)** 1g qid $0.04 5 5   

Oxycodone (Oxycontin)** 20mg bd $1.76 5 5   

Oxycodone (Oxynorm)** 5mg qid $0.52 5 5   

Fentanyl PCA (1200mcg/60mL) As per protocol $31.40 3 3 $94.20 

When required medications           

Prochlorpromazine (tablets)** 5mg tds $0.09 5 5   

Ondansetron (Intravenous) 4mg bd $6.04 2 2 $12.08 

Ondansetron (tablets) 4mg bd $2.18 2 2 $4.36 

Metoclopramide (Intravenous) 10mg qid $1.92 10 10 $19.20 

Metoclopramide (tablets)** 10mg qid $0.20 10 10   

Lactulose 15mL bd $0.15 1 1 $0.15 
Docusate and Sennoside (Coloxyl with 
Senna)** 2 bd $0.56 5 5   

Miscellaneous           

Sodium Chloride 0.9% (Transplant Slush) 1 litre $35.36 3 3 $106.08 

Ross Solution  1 litre $144.30 1 1 $144.30 

Viaspan - Belzer - UW solution 1 litre $325.90 1 1 $325.90 

Insulin (Actrapid)** As needed $7.06 1 1   

Arginine As needed $72.00 2 2 $144.00 

Cost for first three months        $9,828.90 

* Excluded as available under Section 100  ** Excluded as available under PBS 

 
In addition, data on individual drugs dispensed to all patients who have received an islet 
transplant were obtained from the pharmacy department at each hospital.  Details of the drug, 
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the unit cost, the dispense date and total cost were provided.  An analysis of these data indicated 
an average cost per patient well above the expected $11,259 (including the cost of drugs for 
which funding is available under Section 100 or the Pharmaceutical Benefits Scheme) based on 
the agreed protocol.  The average cost at Westmead Hospital was $14,631, St Vincent’s Hospital 
$15,070 and the Royal Adelaide Hospital $11,565.  However, this information includes all 
prescriptions issued in the three month period following transplantation.  It would, for example, 
include scripts issued on day 89 following transplant that may potentially cover a further period of 
two months.  As such, it was not practical to reconcile the actual drug utilisation data with the 
agreed protocol.   
 
In relation to the issue of revenue streams, the only drug that could be confirmed as currently 
qualifying under the Section 100 scheme is tacrolimus, which was only recently approved under 
Section 100 for human cell and tissue transplantation.  It is also noted that several drugs in the 
standard regimen, including tacrolimus have recently come off patent.  This is likely to result in a 
decrease in price for these drugs in coming months and years and a potential change to take up 
the use of generic brands.  However, it is not possible to predict decisions that may be made by 
individual hospitals as a result of these changes.  
 
Recommendation – Pharmaceuticals 
 
It is recommended that $9,828 be set as the pharmaceutical price per islet transplant.   

3.4 The cost of pancreas transportation  

After retrieval the organ must be transported to the isolation centre without delay either by air, 
(where possible by commercial flight), or for closer destinations by road.  The cost of 
transportation of the pancreas is met by the receiving hospital and is billed through the Australian 
Red Cross (the hospital is not charged for the clinical costs associated with organ retrieval).  The 
costs of transportation of the islets are met by the hospital who ultimately receives the islets for 
transplantation.  These costs are not significant but are highest for the Royal Adelaide Hospital, 
because of the proximity of the isolation laboratories to St Vincent’s Hospital (Melbourne) and 
Westmead Hospital.  
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4 Costing using a ‘Staged Care Approach’  

A ‘Staged Care Approach’ allows each potential stage of a clinical pathway to be separately 
defined, costed and potentially funded.  This Section applies the definitions for each stage as 
recommended in Section 2 with the costs presented in Section 3.  A separate cost is then 
presented for the three potential clinical stages associated with islet transplantation.   
 
As noted in Section 2, the clinical processes associated with each transplant are very similar.  
The length of stay for second and subsequent transplants is slightly shorter than for the first 
transplant and a small proportion of initial work up costs are not incurred for subsequent 
episodes.  As such, the cost differential between each stage is minimal.  This is unlike other NFC 
funded programs where more distinct clinical processes occur.  However, this approach is very 
well suited to a funding environment in which funds are allocated in advance for activity that will 
occur during the following financial year.  
 
Stage 1 costs 
Stage 1 commences when a patient is accepted on to the Islet Transplant Program and 
concludes the day prior to the second transplant.  A comparison of Stage 1 cost elements by 
hospital is shown in Table 16. 

Table 16 Comparison of Stage 1 cost elements per transplant 

Cost elements (from NFC template): Westmead Hospital St Vincent's Hospital Royal Adelaide Hospital 

Referral to service first transplant $0 $0  0 

Work up $1,276 $1,276 $1,276 

Acceptance on to the program $0 $0 $0 

Pre-transplant monitoring $7,354 $7,354 $7,354 

Theatre/ surgery $4,882 $3,598 $4,882 

Other procedures $88,470 $88,860 $0 

HDU/ ICU $0 $0 $0 

General ward admission $6,583 $6,583 $6,583 

Outpatient care prior to discharge $7,909 $7,909 $7,909 

Pharmaceuticals to 3 mths post d/c $9,828 $9,828 $9,828 

Other direct patient costs* $1,846 $1,726 $1,018 

Program Management  $17,202 $17,202 $17,202 

Administration Overheads (20% of direct salary costs) $14,377 $14,088 $8,434 

Total $159,727 $158,424 $64,486 
*includes travel and accommodation costs as presented in Section 5.1.  
 
Stage 2 costs 
Stage 2 commences on the day of admission to hospital for the second transplant and concludes 
the day prior to the third transplant.  A comparison of cost elements for Stage 2 is shown in Table 
17.  

Table 17 Comparison of Stage 2 cost elements 

Cost elements (from NFC template): Westmead Hospital St Vincent's Hospital Royal Adelaide Hospital 

Referral to service first transplant $0 $0  0 

Work up $0 $0 $0 

Acceptance on to the program $0 $0 $0 

Pre-transplant monitoring $4,412 $4,412 $4,412 

Theatre/ surgery $4,882 $3,598 $4,882 
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Cost elements (from NFC template): Westmead Hospital St Vincent's Hospital Royal Adelaide Hospital 

Other procedures $88,470 $88,860 $0 

HDU/ ICU $0 $0 $0 

General ward admission $3,950 $3,950 $3,950 

Outpatient care prior to discharge $7,909 $7,909 $7,909 

Pharmaceuticals to 3 mths post d/c $9,828 $9,828 $9,828 

Other direct patient costs* $1,846 $1,726 $1,018 

Program Management  $17,202 $17,202 $17,202 

Administration Overheads (20% of direct salary costs) $14,377 $14,088 $8,434 

Total $152,876 $151,573 $57,635 
*includes travel and accommodation costs as presented in Section 5.1. 
 
Stage 3 costs 
Stage 3 commences on the day of admission to hospital for the third transplant and concludes 
three months following the third transplant.  A comparison of cost elements for Stage 3 is shown 
in Table 18. 

Table 18 Comparison of Stage 3 cost elements 

Cost elements (from NFC template): Westmead Hospital St Vincent's Hospital Royal Adelaide Hospital 

Referral to service first transplant $0 $0  0 

Work up $0 $0 $0 

Acceptance on to the program $0 $0 $0 

Pre-transplant monitoring $4,412 $4,412 $4,412 

Theatre/ surgery $4,882 $3,598 $4,882 

Other procedures $88,470 $88,860 $0 

HDU/ ICU $0 $0 $0 

General ward admission $3,950 $3,950 $3,950 

Outpatient care prior to discharge $7,909 $7,909 $7,909 

Pharmaceuticals to 3 mths post d/c $9,828 $9,828 $9,828 

Other direct patient costs* $1,846 $1,726 $1,018 

Program Management  $17,202 $17,202 $17,202 

Administration Overheads (20% of direct salary costs) $14,377 $14,088 $8,434 

Total $152,876 $151,573 $57,635 
*includes travel and accommodation costs as presented in Section 5.1. 
 
Table 19 provides a summary of the total cost by hospital for patients having one, two or three 
transplants respectively.   

Table 19 Summary of cost comparison by number of transplants 

  

Westmead Hospital St Vincent's Hospital 
Royal Adelaide 

Hospital 

Laboratory 
Costs 

Total 
(excluding 
laboratory 

costs) 
Laboratory 

Costs 

Total (excluding 
laboratory 

costs) Total 

Total cost for patients having 1 transplant $88,470 $71,257 $88,860 $69,564 $64,486 

Total cost for patients having 2 transplants $176,940 $135,663 $177,720 $132,277 $122,121 

total cost for patients having 3 transplants $265,410 $200,069 $266,580 $194,991 $179,756 
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5 Cost by service delivery model 

This Section presents a comparative cost analysis of the different models of service delivery 
being considered.  Although four primary models were identified, two models implicitly contain 
sub-models meaning there are effectively six models to be considered as follows:  
   
Model 1: Single transplant site co-located with two isolation labs 
1a. Westmead Hospital transplantation site with two co-located isolation labs. 
1b. St Vincent’s Hospital transplantation site with two co-located isolation labs. 
 
Model 2: Three transplantation sites and two co-located isolation labs (current arrangement) 
Westmead Hospital transplantation site with one co-located isolation lab;  
St Vincent’s Hospital transplantation site with one co-located isolation lab; and  
Royal Adelaide Hospital transplantation site. 
 
Model 3: Two transplantation sites each co-located with one isolation lab 
Westmead Hospital transplantation site with one co-located isolation lab;   
St Vincent’s Hospital transplantation site with one co-located isolation lab. 
 
Model 4: Multiple transplantation sites with one separate isolation lab 
4a Westmead Hospital transplantation site, St Vincent’s Hospital transplantation site and 

Royal Adelaide Hospital transplantation site - with isolation lab at Westmead Hospital. 
4b Westmead Hospital transplantation site, St Vincent’s Hospital transplantation site and 

Royal Adelaide Hospital transplantation site - with isolation lab at Peter McCallum Cancer 
Centre. 

 
In developing separate costs for each model of service, for some cost elements, it has been 
presumed that the cost structures that currently exist would not change.  For example, the cost of 
an islet isolation at St Vincent’s Hospital is $29,620.  In costing each model of service, it has 
been presumed that this per isolation cost would apply for any model in which St Vincent’s 
Hospital undertakes islet isolations.  It is difficult to be certain that such costs would not change 
under the different models, but it is simply not possible to estimate with any confidence how costs 
may be affected under each model.  For other costs, such as travel and accommodation, it has 
been possible to model the impact of changes in the service delivery model.     

5.1 Detailed travel and accommodation costs by service delivery model  

A simulation model was developed to estimate the comparative travel costs for each service 
delivery model.  The model presumes that 24 patients will receive islet transplants over the next 
three years.     
 
In order to estimate travel costs, a synthetic sample of 24 patients was created. The model takes 
into account the fact that travel costs would vary depending on the patient’s residence.  Twenty 
four patients were randomly selected from location categories determined by the relevant 
population distributions.  The number of transplants was also randomly simulated based on 
probability ratios that assumed a 10% probability of having one transplant, an 80% probability of 
having two transplants and a 10% probability of having three transplants. 
 
For the purposes of the simulation, the Australian population was divided into fifteen location 
categories based on the jurisdiction and remoteness.  Population estimates for each category 
were obtained from the Australian Bureau of Statistics (ABS) website.  For each category, travel 
and accommodation costs were then estimated based on a set of assumptions related to mode 
of transportation, fare types and accommodation costs.   
  
Using this synthetic sample, travel costs were calculated for each service delivery model.  This 
process was repeated one million times to ensure the results have sufficient coverage for any 
possible sample scenario.  Effectively this simulation study generates one million different 
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samples of 24 patients based on the current Australian population distribution.  The average cost 
and other statistics has then been calculated to allow travel and accommodation costs to be 
compared across models.  The assumptions described in Section 5.1.1 below are built into the 
model.  

5.1.1 Assumptions relating to travel arrangements and costs  

For the calculation of costs for models 2 and 4, it was presumed that patients from New South 
Wales, ACT, Queensland and Western Australia would travel to Westmead Hospital, patients 
from South Australia and the Northern Territory would travel to the Royal Adelaide Hospital and 
patients from Victoria and Tasmania would travel to St Vincent’s Hospital for transplantation.  
Under models 1 and 3, which excludes the Royal Adelaide Hospital as a transplantation site, 
patients from South Australia and the Northern Territory were assumed to travel to Westmead 
Hospital for transplantation.  
 
Travel and accommodation costs were calculated based on the assumption that each patient 
would be accompanied by a carer.  The rationale for this assumption is based on advice that 
patients undergoing islet transplantation would typically by hypoglycaemic unaware and hence 
unable to travel alone.  
 
Travel costs were based on the average cost of a return economy airfare for each patient and 
carer required to travel from interstate to a transplantation site.  Travel from capital cities and 
inter-state regional areas were costed separately and based on QANTAS flexi-saver economy 
fares for the most direct flights available.  For patients travelling from regional New South Wales, 
South Australia and Victoria the cost of an average return train fare to the appropriate capital city 
was included.  
 
For patients travelling from inter-state, or from regional areas, a total of 35 nights accommodation 
in a budget priced motel/lodge was included.  This comprised an initial five nights for the carer 
during the patient’s period of admission.  A further period of one month post transplant was 
included for both the patient and carer.  Patients attending Westmead Hospital would generally 
stay in Casuarina lodge, a hospital based accommodation facility at a cost of $46 per night.  
Patients of the Royal Adelaide Hospital would be accommodated at Flinders lodge, a motel 
owned and operated by Cancer Council of South Australia at an average cost of $75 per night.  
St Vincent’s Hospital advised that their patients would generally stay in one of a number of 
privately run motels in the vicinity of the hospital, with an average cost of $80 per night. 
 
It is understood that patients may be able to access funding from various State transport 
assistance schemes such as the Patient Assistance Transport Scheme (PATS) in South 
Australia or the Isolated Patients Travel and Accommodation Assistance Scheme (IPTAAS) in 
New South Wales.  As eligibility for these schemes for the sample set of patients could not be 
determined, this was ignored for the purposes of this costing.     
 
The results of running the simulation model are shown in Table 20, Table 21 and Table 22 below. 
The difference in cost between model 1 and 2 is explained almost completely by the nightly 
accommodation cost at St Vincent’s Hospital ($80/night) being considerably more expensive than 
Westmead Hospital ($46/night).    

Table 20 Estimated travel costs by service delivery model 

Cost  Model 1a Model 1b Model 2 Model 3 Model 4a, 4b 

Average total cost: 24 patients $53,739 $64,761 $33,150 $38,053 $33,150 

Average cost per patient $2,239 $2,698 $1,381 $1,586 $1,381 

Average cost per transplant $1,120 $1,349 $691 $793 $691 

Standard deviation $8,763 $9,693 $9,438 $9,481 $9,438 
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Table 21 Estimated accommodation costs by service delivery model 

Cost   Model 1a Model 1b Model 2 Model 3 Model 4a, 4b 

Average total cost: 24 patients $61,431 $109,857 $49,676 $52,374 $49,676 

Average cost per patient $2,560 $4,577 $2,070 $2,182 $2,070 

Average cost per transplant $1,280 $2,289 $1,035 $1,091 $1,035 

Standard deviation $7,105 $11,960 $10,133 $9,604 $10,133 
 

Table 22 Estimated travel and accommodation costs by service delivery model 

Cost  Model 1a Model 1b Model 2 Model 3 Model 4a, 4b 

Average total cost: 24 patients $115,171 $174,617 $82,826 $90,426 $82,826 

Average cost per patient $4,799 $7,276 $3,451 $3,768 $3,451 

Average cost per transplant $2,399 $3,638 $1,726 $1,884 $1,726 

Standard deviation $14,678 $20,137 $17,178 $16,796 $17,178 
  
The distribution of travel and accommodation costs by service delivery model is shown in  
Figure 6.   

Figure 6 Distribution of travel and accommodation costs by service delivery model 
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5.2 Comparative results by service delivery model 

Costs have been calculated for each model based on the cost elements in the NFC template.  
For ease of understanding, they are shown in Table 23 below on a per transplant basis and 
presented under four categories:  clinical costs, laboratory costs, travel, accommodation and 
transport costs and program management and overhead costs.   

Table 23 Cost comparison per transplant by service delivery model 

  Model 1a Model 1b Model 2 Model 3 Model 4a Model 4b 

Clinical costs $37,832 $36,548 $37,190 $37,190 $37,190 $37,190 

Laboratory costs $88,470 $88,860 $89,727 $89,727 $82,020 $83,166 

Travel, accommodation and transport costs $3,078 $4,466 $2,429 $2,587 $2,404 $2,429 

Program management and overheads $32,065 $31,290 $31,890 $31,890 $31,641 $30,893 

TOTAL COSTS $161,445 $161,164 $161,235 $161,394 $153,255 $153,678 

* If carer travel and accommodation is not covered 
by the NFC the following costs would be removed $743 $1,002 $493 $552 $493 $493 

 
As noted in the previous Section, in developing costs for each model of service, it has been 
presumed that the cost structures that currently exist would not change.  It is also important to 
note that this costing analysis has not considered in any detail the human resources and capital 
infrastructure requirements associated with the different service delivery models.   
 
For example, under Model 1a, Westmead Hospital would be the only transplantation site and 
would operate two isolation laboratories.  In our view, it is highly questionable whether it would be 
sensible, or even possible, for the laboratory staff at Westmead Hospital (or St Vincent’s 
Hospital) to conduct the number of islet isolations forecast for the program.  The key issue here 
does not relate to the availability of laboratory resources, but to the impact such models would 
have on the need for human resources.   
 
The current service delivery model has led to the development of two, highly specialised teams of 
laboratory staff with the capacity to undertake islet isolation procedures in separate locations and 
at very short notice.  It has taken several years for the required level of expertise to be developed 
at each hospital.  If a service delivery model was implemented where all isolations were 
undertaken at a single site, it would be necessary to significantly increase the size of the relevant 
team to cope with the increased volume of activity it would be expected to undertake.  It is 
unclear whether the required expertise could be developed at either site in the short term.  This 
issue also involves the important question of the potential loss of skill and expertise that would 
result from ceasing the work of one of the laboratory teams. 
 
Another way to consider this issue is from the perspective of ‘opportunity cost’.  Explained simply 
opportunity cost is the cost of the forgone option after making a choice.  Opportunity costs are 
not restricted to monetary or financial costs: the real cost of output forgone, includes any other 
benefit that provides utility.  Inevitably choosing between the service delivery models for islet 
transplantation will lead to some costs and benefits being forgone.  The monetary implications 
are clear in Table 23, however what this table does not capture are the benefits that are more 
difficult to quantify financially.   
 
Islet transplantation is an evolving technology.  A consistent message arising from our 
consultations and the literature is that the quality of the Islet Transplant Program rests on the 
quality of the islets.  Having two laboratories has helped overcome problems experienced in 
other centres through the capacity to trial alternative methods with reduced risk to the Program 
and patients e.g. the impact of the contaminated Roche Liberase enzyme, which necessitated 
the use of alternative enzymes.   
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The number of hours that laboratory staff work during an isolation are significant and this in 
addition to their on call responsibilities can prove onerous.  By having two laboratories the 
workload of isolation is shared between laboratory teams.  This also means that in the event of 
multiple pancreata becoming available simultaneously (which has occurred); both laboratories 
can be used at the same time for islet isolation.  If laboratory resources are concentrated in one 
site there will be limited economies of scale achieved in staffing due to the specialised technical 
skills required in the event of the increased processing workload and the number of staff needed 
to share the on call roster. 

As the availability of islet cell transplantation becomes more widely known, the number of 
patients referred for review by the Islet Transplant Program is likely to increase.  Whilst the 
current program has demonstrated improving capacity to identify patients likely to be successfully 
transplanted, the costs of patient review will increase if all patients have to travel to one location.  
This is problematic in a country with the geographic diversity of Australia.   

What is evident with the current consortia model is that a ‘research hinterland’ has developed 
around the core isolation activity which is funded through other sources such as the NHMRC and 
the Juvenile Diabetes Research Foundation.  This ‘multiplier effect’ is a direct spin-off from the 
Islet Transplant Program and appears to be contributing to developments in the field of islet 
transplantation at no additional cost to the Program.   

A related issue here concerns the arrangement whereby the Royal Adelaide Hospital operates as 
a transplantation site.  The costing results indicate that there are no additional costs associated 
with transplantation services being provided at this hospital.  At the same time, there appear to 
be important non-financial benefits for patients and carers who do not need to travel interstate to 
receive services.   

Overall, having examined the cost of the current service delivery model, with particular focus on 
islet isolation and travel costs, our view is that there is no financial benefit associated with any of 
the alternative models considered.   
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6 Potential to adopt an Activity Based Funding approach  

This Section provides a brief discussion of the potential to adopt an Activity Based Funding (ABF) 
approach for islet transplantation services. 

Firstly, it is noted that Australia is in the process of implementing a program of national health 
reform.  The Commonwealth and all state and territory governments have agreed to participate in 
this reform process through the National Health Reform Agreement (NHRA) with a key feature 
being the introduction of a national model of Activity Based Funding (ABF).   

Under the NHRA, an Independent Hospital Pricing Authority (IHPA) sets a National Efficient Price 
(NEP) for ABF services.  Under the proposed ABF model, from 1 July 2012, the Commonwealth 
will fund 40% of the NEP for public hospital services.  A pricing framework discussion paper was 
released in late 2011 that outlines a range of implementation issues to be resolved when 
introducing the new funding arrangements for public hospitals.  This paper briefly discusses the 
subject of emerging technologies noting that most ABF models have a mechanism to provide 
separate payments to ease technological innovation. 

It is beyond the scope of this project to consider the broader set of issues concerning how a 
national ABF model might impact on national programs such as the NFC Program or indeed 
state based programs that provide funding for new or specialised services.  In any event, it would  
be difficult for this to occur until final details of the national ABF model are released.  

It is possible to consider the potential for the NFC Program to implement a funding model for islet 
transplant services in which certain elements are funded on an ABF basis while other elements 
are funded on a block basis.  This would require the funding model to be separated into three 
components: 

 The inpatient episodes during which the transplantation(s) occur;

 The islet isolation process conducted in the cleanroom;

 Outpatient activity pre and post transplantation including drugs.

The capacity to fund any of these components on an ABF basis is contingent on the availability of 
coding and classification systems that can capture relevant clinical and cost data.  There is 
clearly no capacity to fund the work of isolation laboratories on an ABF basis.  In relation to 
outpatient services, although a national ABF model (based on a list of clinic types) is proposed 
for implementation in these settings, our view is that it is not sufficiently refined to ensure that 
appropriate funding would be allocated for islet transplant patients.  There is a risk that the quite 
detailed understanding of costs structures that now exists around islet transplantation would be 
lost as a result of applying prices for activities based on clinic types.   

In our view, the only component that could be considered for an ABF approach is the inpatient 
episode during which the transplantation occurs.  However, as the inpatient component of care 
represents less that 10% of the total cost of care for each transplant, it is questionable whether it 
would be sensible to operate a different funding arrangement.   

We have completed a limited review of the ICD10AM coding and AR-DRG assignment for 
patients who have received an islet transplant in Australia.  The correct procedure code for an 
islet transplantation is ‘14203-01 [1906] Direct living tissue implantation’ which results in the 
assignment of three possible DRGs: K09A, K09B or K09C (Other Endocrine, Nutritional and 
Metabolic OR procedures), with a split depending on the level of complications and 
comorbidities.  Based on our review, we found some inconsistency in coding particularly prior to 
2010 in relation to the coding of the principal procedure.  A more significant issue, in our view, is 
the fact islet transplants represent a very small fraction of the patients in the relevant AR-DRG.  
As between 300 and 500 episodes are assigned to each of the three AR-DRGs nationally each 
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year, it is extremely unlikely that their cost weights will reflect the cost experience of islet 
transplant patients.  This issue will be exacerbated by the fact that patients assigned to this AR-
DRG are themselves fairly generic as it is a ‘catch all’ AR-DRG that falls at the tail end of the 
assignment process. 

Overall, our view is that there is very limited opportunity to adopt an ABF approach to funding 
islet transplant services.   
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