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CONTEXT AND POLICY ISSUES  
 
Diabetes is one of the most common chronic diseases in Canada. It was estimated that in the 
years of 2008 to 2009, 2.4 million Canadians had been diagnosed with diabetes, representing 
approximately 6.8% of the population including over 200,000 new diagnoses.1 Disease 
management of diabetes consists of glycemic monitoring and glycemic control including 
education, lifestyle interventions such as nutrition therapy and physical activity, and 
pharmacotherapy.2 Insulin and antidiabetic agents are the current standards of 
pharmacotherapy for type 1 and type 2 diabetes, respectively.2 With the correct treatment and 
recommended lifestyle changes, many people with diabetes are able to adequately control their 
blood glucose levels and prevent or delay the onset of macrovascular and microvascular 
diabetic complications.2-4 However, uncontrolled or unstable diabetes still happens despite 
treatments with insulin, diet, and suitable hygienic measures. There is no commonly accepted 
definition for “unstable” diabetes. It is usually described as a state of glycemic instability in 
different patterns: irregular and unpredictable hyperglycemia (frequently with ketosis), serious 
hypoglycemia, or alternating states of hyperglycemia and hypoglycemia.3,5 This condition affects 
approximately 1 to 2% of patients with type 1 diabetes.6 Whole pancreas transplantation (PT) is 
one method of beta cell replacement used currently to restore sustained normal glucose levels 
without the associated risk of severe hypoglycemia. This is a major surgical procedure relating 
to high risk of surgical complications and perioperative mortality; in addition, the lifelong 
immunotherapy after the transplantation usually has side effects, sometimes severe enough to 
adversely affect patient’s quality of life. Therefore, PT is generally recommended only in patients 
undergoing kidney transplantation and for patients with unstable diabetes (poor glycemic control 
accompanied by rapidly progressing diabetic complications).2,7-9 
 
As a potential alternative for the whole organ transplantation, pancreatic islet transplantation (IT) 
has been investigated in clinical trials enrolling uncontrolled diabetic patients with serious 
progressive complications (type 1 diabetes and some type 2 diabetes).10,11 The goals of IT are 
to restore glucose-regulated endogenous insulin secretion, halt the progression of diabetic 
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complications, and improve quality of life.11 IT is less invasive than PT. It can be performed as 
islet transplantation alone (ITA) for patients without end-stage renal disease, islet after kidney 
transplantation (IAK), or simultaneous islet and kidney transplantation (SIK) for patients with 
end-stage renal disease.8 During the procedure, the islet cells from a donor are infused to the 
portal vein of the recipient via a percutaneous catheter. After the procedure, lifelong 
immunosuppression is required to prevent rejection of the graft and recurrence of the 
autoimmune process.11 More than one infusion may be required.12 Previous research has 
demonstrated that IT is associated with improved insulin independence and other patient 
outcomes in the patients with poorly-controlled type 1 diabetes; in addition, its effectiveness has 
improved in recent years.13 In one study, the proportion of patients achieving insulin 
independence three years post-transplant increased from 27% from 1999 to 2002, to 37% from 
2003 to 2006, and to 44% from 2007 to 2010. Treatment with IT has beneficial effects on other 
clinical outcomes such as HbA1c levels and the risk of severe hypoglycemia.14 The continuous 
evolving immunosuppressive regimens and technology for harvesting islet cells has contributed 
to the improving clinical outcomes related to IT.12 Safety data has indicated that serious 
complications may occur as a result of the procedure (such as intraperitoneal bleeding, 
haemorrhage episodes, portal vein thrombosis, and injuries to the nearby organs). Long-term 
immunosuppression therapy has also been associated with a higher risk of adverse events such 
as serious infections.12  
 
The purpose of this report is to summarize the evidence on the clinical effectiveness and the 
cost-effectiveness of islet cell transplantation compared with the current standards of treatment, 
and to summarize the guidelines that are relevant to the use of islet cell transplantation for 
patients with unstable diabetes. 
 
RESEARCH QUESTIONS  
 
1. What is the clinical effectiveness of islet cell transplantation in patients with unstable 

diabetes? 
 
2. What is the cost-effectiveness of using islet cell transplantation in patients with unstable 

diabetes? 
 
3. What are the guidelines associated with the use of islet cell transplantation in patients with 

unstable diabetes? 
 
KEY FINDINGS  
 
Limited evidence from one health technology assessment suggested that islet transplantation is 
effective in maintaining insulin independence, and associated with improved clinical outcomes in 
uncontrolled type 1 diabetic patients: reduced severe hypoglycemia, improved quality of life and 
reduced progression of diabetic complications were reported in small scale clinical trials with 
poor quality. The population was not clearly defined in the studies. There is a trend of increasing 
insulin independence and decreasing adverse events related to this evolving technology in 
recent years than earlier years. The cost-effectiveness of islet transplantation relative to the 
current treatment standards is undetermined based on the limited evidence. It has been 
recommended by evidence-based clinical practice guidelines to be used as an alternative 
intervention for unstable type 1 diabetes patients. 
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METHODS  
 
Literature Search Strategy 
 
A limited literature search was conducted on key resources including PubMed, The Cochrane 
Library (2014, Issue 11), University of York Centre for Reviews and Dissemination (CRD) 
databases, Canadian and major international health technology agencies, as well as a focused 
Internet search. No filters were applied to limit the retrieval by study type. Where possible, 
retrieval was limited to the human population. The search was also limited to English language 
documents published between January 1, 2011 and November 12, 2014. 
 
Rapid Response reports are organized so that the evidence for each research question is 
presented separately.  
 
Selection Criteria and Methods 
 
One reviewer screened citations and selected studies. In the first level of screening, titles and 
abstracts were reviewed and potentially relevant articles were retrieved and assessed for 
inclusion. The final selection of full-text articles was based on the inclusion criteria presented in 
Table 1. 
 

Table 1: Selection Criteria 
Population 
 

Patients with unstable or uncontrolled diabetes 

Intervention 
 

Islet cell transplantation 

Comparator 
 

Standard treatment: insulin and/or other pharmaceutical therapies 

Outcomes 
 

Q1: Clinical effectiveness 
Q2: Cost-effectiveness 
Q3: Evidence-based clinical practice guidelines 

Study Designs 
 

Health technology assessments, systematic reviews/meta-analyses, 
randomized controlled trials, non-randomized controlled studies, 
evidence-based clinical practice guidelines, and economic 
evaluations. 

 
Exclusion Criteria 
 
Studies were excluded if they did not satisfy the selection criteria, if they were duplicate 
publications, if they were already included in a systematic review or health technology 
assessment (HTA), or were published prior to January 2011.  
 
Critical Appraisal of Individual Studies 
 
The included HTA was critically appraised using the AMSTAR instrument.15 The cost-
effectiveness component in the HTA was critically appraised using Drummond’s checklist.16 
Clinical practice guidelines were critically appraised using the AGREE II instrument.17 Numeric 
scores were not calculated for the included studies or guidelines. Instead, the strengths and 
limitations of each included study and guideline were described narratively.  
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SUMMARY OF EVIDENCE 
 
Quantity of Research Available 
 
A total of 375 citations were identified in the literature search. Following screening of titles and 
abstracts, 370 citations were excluded and five potentially relevant reports from the electronic 
search were retrieved for full-text review. Four potentially relevant publications were retrieved 
from the grey literature search. Of these potentially relevant articles, six publications were 
excluded for various reasons, while three publications met the inclusion criteria and were 
included in this report: one was an HTA,7 and two were evidence-based clinical practice 
guidelines.2,18 No relevant systematic reviews or meta-analyses, randomized controlled trials, 
non-randomized controlled trials or economic evaluations were identified.  
 
Appendix 1 describes the PRISMA flowchart of the study selection. 
  
Summary of Study Characteristics 
 
A detailed summary of included studies is provided in Appendix 2. 
 
Comparative clinical effectiveness and safety of islet cell transplantation versus standard 
treatment for unstable diabetes 
 
Study design 
 
One Canadian HTA evaluating the clinical effectiveness of IT was identified.7 It exclusively 
included systematic reviews or meta-analyses published between 2008 and 2013 for patients 
with severe type 1 diabetes (“severe type 1 diabetes” was not defined in the HTA; 
characteristics of the patients involved were not described either). Data from the islet transplant 
registry were also searched to provide more recent clinical data for IT. Effectiveness of IT was 
measured using insulin independence, full graft function (patients were insulin independent), 
partial graft function (patients were protected from severe hypoglycemia and were less 
dependent on insulin than prior to IT) and patient-reported outcomes. 
 
Population 
 
Xie and colleagues in the McGill University Health Centre (MUHC) conducted an HTA of IT to 
review its clinical effectiveness and cost-effectiveness in patients with type 1 diabetes. This 
report focused on patients who had previously undergone a kidney transplant and therefore 
were already on immunosuppression therapy (IAK); evidence of patients who had simultaneous 
islet and kidney transplant (SIK) and islet transplant alone (ITA) were reviewed as well.  
 
Interventions and Comparators 
 
Islet cell transplantation was the intervention of interest in the HTA. The comparators were 
whole pancreas transplantation and insulin therapy. 
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Outcome Measures 
 
The clinical effectiveness of IT such as insulin independence, graft function and patient quality 
of life were evaluated. Safety related to the use of IT and subsequent immunosuppression 
therapy was reported in the HTA as well. 
 
Comparative cost-effectiveness of islet cell transplantation versus standard treatment for 
unstable diabetes 
 
An economic evaluation was included in the HTA conducted by Xie et al.7 Previously published 
economic evaluations of IT in patients with type 1 diabetes were reviewed. The comparative 
cost-effectiveness between IT and PT was evaluated from the perspective of the MUHC. A 
Markov decision-analytic model was developed to compare the long-term health-economic 
consequences of IT versus PT or versus intensive insulin treatment (IIT) in a subgroup of 
patients who previously underwent a kidney transplant. The costs of the procedure, procedure-
related complications, and the cost of diabetes-related complications during follow-up were 
considered, while the immunosuppression related costs were ignored because it was assumed 
that patients in either the PT or IT arm received identical maintenance of immunosuppression 
therapy, thus these costs were same for patients receiving IT or PT. Other key assumptions 
were: except for the differences in procedure-related mortality of PT and IT (2% vs. 0%, 
respectively), patients in the PT arm and the IT arm had identical risks of mortality conditional 
on covariates; the age and sex-specific relative risk of mortality of the target patients was 7 
times that in the general Canadian population in 2009; patients’ baseline characteristics were 
not associated with the risk of graft loss; the risks of diabetic complications were related to graft 
function; and patients did not receive additional IT infusions or a repeat PT during follow up. The 
main outcome measure in the economic analysis was incremental cost per life-year gained. A 
discount rate of 3% was used in the base case. A time horizon of five years was chosen. 
Sensitivity analyses assuming 20 years follow up, discounting rate of 0 and 5% and different risk 
of mortality were performed. 
 
Evidence-based guidelines and recommendations for islet cell transplantation for treatment of 
unstable diabetes 
 
Country of origin 
 
One clinical practice guideline was from the Canadian Diabetes Association (CDA) published in 
2013,2 and the other was from the Spanish National Health System (NHS) published in 2012.18  
 
Population 
 
The CDA guidelines and recommendations were meant for all diabetic patients, while the NHS 
guidelines were specific for patients with type 1 diabetes.2,18  
 
Interventions 
 
Pancreatic islet transplantation was the investigated intervention. 
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Grading of recommendations 
 
The recommendations in the CDA guidelines was assigned a grade from A through D.2 The 
grade assigned to each recommendation is closely linked to the methodological rigour and 
robustness of the relevant clinical research:  
 

• Grade A recommendations are generated based on level 1 evidence: systematic 
overview or meta-analysis of high quality RCTs; or appropriately designed RCT with 
adequate power to answer the question posed by the investigators; or nonrandomized 
clinical trial or cohort study with indisputable results.  

• Grade B recommendations are supported by level 2 evidence: RCT or systematic 
overview that does not meet level 1 criteria. 

• Grade C recommendations are made based on level 3 evidence: nonrandomized clinical 
trial or cohort study; systematic overview or meta-analysis of level 3 studies.  

• Grade D recommendations are made based on level 4 evidence (data that do not meet 
levels 1 to 3 criteria, or consensus).  
 

The Spanish guidelines adopted a similar system to grade their recommendations:18 
 

• Grade A recommendations are generated based on evidence rated as 1++ or 1+: high 
quality meta-analyses, systematic reviews clinical trials; or high quality clinical trials with 
very low risk of bias.  

• Grade B recommendations are supported by evidence rated as 2++: high quality of 
systematic reviews of case-control or cohort studies, cohort or case-control studies with 
very low risk of bias and with high probability to establish a causal relationship; or 
extrapolated evidence from studies rated as 1++ or 1+. 

• Grade C recommendations are made based on evidence rated as 2+: well-conducted 
case-control or cohort studies with low risk of bias and a moderate probability of 
establishing a causal relationship; or extrapolated evidence from studies rated as 2++.  

• Grade D recommendations are made based on level evidence rated as 3 or 4: non-
analytical studies such as case reports and case series, or expert opinion; or 
extrapolated evidence from studies rated as 2+. 

Summary of Critical Appraisal 
 
A summary of critical appraisal of the included studies are provided in Appendix 3. 
 
Comparative clinical effectiveness and safety of islet cell transplantation versus standard 
treatment for unstable diabetes 
 
The HTA conducted by Xie et al.7 described the study objectives and design. A search strategy 
was provided; however, it was unclear if there was a restriction on language. Only published 
evidence in the previous five years was included in this report. Methods of study selection and 
data extraction were not reported. It was also unclear if the quality of the included studies was 
examined. There were no detailed descriptions of the included studies and their trial 
characteristics and patient characteristics, such as the number of patients, medical history, 
severity of the disease, and the length of follow-up. Publication bias was not examined in this 
report. 
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Comparative cost-effectiveness of islet cell transplantation versus standard treatment for 
unstable diabetes 
 
An economic evaluation was included in the HTA conducted by Xie et al.7 The research 
questions in this research were clearly stated, as well as the sources of effectiveness estimates 
and the cost estimates. It is noteworthy that the estimated cost data for IT were obtained from 
MUHC, and they differed considerably from the other centers. For example, the procedure cost 
for IT at the MUHC was C$29,575 per patient; however it was C$131,000 per infusion in 
Alberta, Canada. The difference in cost data between different centers may be due to the 
additional costs during the process of organ retrieval and the various islet laboratory costs. The 
choice of model and the key parameters were described. One assumption in this analysis was 
that the subsequent immunosuppression therapy was identical between PT and IT; however, 
the CDA guideline indicates that steroids are avoided in IT but may be used in PT.2 Another 
assumption was that patient did not receive another islet cell infusion, but previous evidence 
suggested that most IT recipients need two or more infusions to achieve sufficient functioning 
islet mass; therefore, this assumption may lead to an underestimate of the cost for IT.8 
Sensitivity and scenario analyses were performed. This study was conducted in Canada; 
however, cost of the IT procedure may be estimated with different approaches from different 
centers. Therefore it is unclear if the findings from the cost-effectiveness performed from the 
perspective of MUHC can be generalized to other Canadians research centers.  
 
Evidence-based guidelines and recommendations for islet cell transplantation for treatment of 
unstable diabetes 
 
CDA has performed a rigorous and comprehensive systematic review on diabetes to provide 
guidance on disease diagnosis and management.2 In these guidelines, there was a clear 
description of scope, purpose, methodology, stakeholder involvement, evidence, safety issues, 
critical appraisal and formulation of recommendations. One limitation of these guidelines was 
that only English-language literature was searched and selected.  
 
The clinical practice guidelines published by the Spanish National Health System (NHS) used a 
systematic review approach in guideline development.18 Evidence from other guidelines and 
clinical studies was searched when they were published in Spanish, English, French or German 
from 1998 to March 2011. Data extraction was performed by two independent reviewers. 
Criteria for determining levels of evidence and grades of recommendations were clearly 
presented. 
 
Both the CDA guidelines and the NHS guidelines were externally reviewed prior to publication. 
Updates of these guidelines are scheduled every five years. Conflicts of interest were declared 
in both guidelines. 
 
Summary of Findings 
 
Details of the study findings are presented in Appendix 4. 
 
Comparative clinical effectiveness and safety of islet cell transplantation versus standard 
treatment for uncontrolled diabetes 
 
In the HTA report, two studies were included to provide evidence on clinical effectiveness of IT. 
One was a systematic review examining patient-reported outcomes (generic and diabetes-
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specific health-related quality of life) including 12 studies, 10 for IT and 2 for PT.7 The second 
study was an HTA report from the Institute of Health Economics (IHE) in Edmonton, Alberta. It 
was an update of previously published IHE reports and included six non-RCTs and 13 case 
series. Quality of the included individual studies were compromised due to small sample size 
(details not provided), results for mixed types of IT procedures (ITA, SIK or IAK versus PT or 
IIT) or patients (uremic or non-uremic) were reported, and insufficiently rigorous study design in 
the comparative studies of IT versus PT. Data in the included SR and the IHE report were not 
pooled due to the considerable heterogeneity of types of IT and patients’ baseline 
characteristics. Evidence of effectiveness results was also identified from international registry 
data. Findings from this HTA suggested that treatment with IT was associated with improved 
insulin independence in more recent years (e.g. 2007 to 2009) compared with earlier years (e.g. 
1999 to 2003, or 2004 to 2006); however insulin independence after IT was lower than that after 
PT. The risk of adverse events related to IT infusions and/or immunosuppression therapy 
reported in recent years was lower than those in earlier years: risk of severe adverse events 
decreased to 26% in 2007 to 2009, compared with 47% in 2004 to 2006 and 69% in 1999 to 
2003. In addition, patient quality of life after the IT therapy was improved compared with before 
IT therapy. 
 
Comparative cost-effectiveness of islet transplantation versus standard treatment for 
uncontrolled diabetes 
 
Review of previous economic evaluations 
  
In the HTA report, two economic evaluations of IT, one from the US and one from Canada (IHE 
report) were identified.7 In the US study, the procedure cost of one IT infusion was estimated at 
US$93,500 (including organ retrieval, islet isolation and screening and medical procedures). 
The cumulative cost and quality-adjusted life years (QALYs) of IT versus IIT over 20 years were 
US$519,000 and 10.9 QALYs, and US$ 663,000 and 9.3 QALYs, respectively. Therefore the 
study indicated that IT was more cost-effective than IIT. In the Canadian study, the cost of IT 
was approximate C$131,000 per infusion (including costs of organ retrieval, isolation laboratory, 
clinical program and post-transplantation assessment). The cumulative costs over 20 years 
were C$410,373 and C$35,769 in the IT group and the IIT group, respectively. The IT group 
had an effectiveness of 2.06 QALYs gained and the incremental cost per QALY gained was 
C$181,847. Therefore the study concluded that IT was not cost-effective compared with IIT in 
the study population. 
 
Cost-effectiveness analysis 
  
The average procedure cost of IT per patient at the MUHC was estimated as C$29,575. This 
cost included costs for operating room, radiology, laboratory, pharmacy (induction of 
immunosuppression therapy), intensive care unit and inpatient costs; while the physician fee, 
the costs for organ retrieval and the maintenance of immunosuppression therapy were 
excluded. Compared to PT, the incremental cost per life-year gained for IT was C$66,552 at five 
years follow up. The incremental cost per life-year gained in the sensitivity analyses and 
scenario analyses ranged from C$50,000 to C$80,000. 
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Evidence-based guidelines and recommendations for islet cell transplantation for treatment of 
unstable diabetes 
 
The CDA recommended that individuals with type 1 diabetes with preserved renal function, or 
who have undergone successful kidney transplantation but have persistent metabolic instability 
characterized by severe glycemic lability and/or severe hypoglycemia despite best efforts to 
optimize glycemic control, may be considered for pancreas or islet allotransplantation.2 This was 
a Grade D recommendation based on consensus.  
 
In the Spanish NHS guidelines, islet transplantation was recommended in the context of 
controlled trials only, but not for routine use in clinical practice.18 This was a Grade C 
recommendation.  
 
Limitations 
 
The literature search did not identify randomized or non-randomized controlled trials regarding 
the comparative clinical effectiveness of islet transplantation relative to insulin or other 
antidiabetic agents for patients with uncontrolled diabetes. In the included HTA report and 
economic evaluation, islet transplantation was compared with current standards such as 
intensive insulin therapy or whole pancreas transplantation. Evidence from small observational 
studies or registry databases was reported. There is no commonly accepted definition for 
unstable diabetes; therefore there may be heterogeneity in terms of baseline patient 
characteristics across the individual studies included in the HTA report. Effectiveness and safety 
of mixed types of IT procedures were evaluated in patients with various baseline characteristics. 
Therefore it is challenging to compare the findings across the studies. Important health 
outcomes such as change in health-related quality of life or functional status, severe 
hypoglycemia episodes, rates of diabetes complications and risks of adverse events were not 
reported in sufficient detail. In addition, the long-term consequences of immunosuppression 
therapy after the procedure may have an impact on the effect of islet transplantation and 
patient’s quality of life, but this was not reported in the HTA report. 
 
In the cost-effectiveness analysis of islet transplantation, the costs were estimated from the 
perspective of MUHC; therefore it is uncertain if the study results can be generalized to other 
healthcare facilities in Canada.  
 
CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING  
 
Evidence regarding the comparative effectiveness of islet cell transplantation in treatment of 
unstable diabetes was limited. The included health technology assessment examined clinical 
and cost-effectiveness of islet cell transplantation in type 1 diabetes patients with unstable 
metabolic control. In its included individual studies, islet transplantation was compared with 
whole pancreas transplantation or intensive insulin therapy. Data from a registry database 
suggests an increase in the rates of insulin independence and decrease in risks of adverse 
events in recent years compared with earlier years, although the rates of insulin independence 
after IT was lower than that achievable with whole pancreas transplantation. In one cost-
effective analysis, the incremental cost per life-year gained for islet transplantation comparing 
with whole pancreas transplantation was C$66,552. This was close to the threshold value of 
cost-effectiveness (US$50,000). Conflicting results were found in previous economic 
evaluations with respect to the relative cost-effectiveness between islet transplantation and 
intensive insulin therapy.  
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Islet transplantation was recommended by one Canadian guideline as an option for patients with 
unstable type 1 diabetes. In another guideline, this procedure was recommended only in the 
context of controlled trials.  
 
In conclusion, limited evidence suggests that islet transplantation is effective in maintaining 
insulin independence and is associated with improved clinical outcomes for unstable type 1 
diabetes. There is a trend of increasing insulin independence and decreasing risks of adverse 
events related to this evolving technology. The cost-effectiveness of islet transplantation relative 
to the current treatment standards is undetermined based on the limited evidence.  
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APPENDIX 1:  Selection of Included Studies 
 
 
 
 
  

370 citations excluded 

5 potentially relevant articles 
retrieved for scrutiny (full text, if 

available) 

4 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand 
search) 

9 potentially relevant reports 

6 reports excluded: 
-irrelevant population (3) 
-already included in at least one of 
the selected systematic reviews (3) 
 

3 reports included in review 

375 citations identified from 
electronic literature search and 

screened 
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APPENDIX 2:  Summary of Characteristics of Included Studies 
 
Characteristics of Included Health Technology Assessment 

First Author, 
Publication 
Year, 
Country 

Study design, 
Length of Follow-
up 

Patients 
Characteristics
, 
Sample Size 
(n) 

Intervention Comparator(s) Outcomes 

Xie et al., 
20137  
 
Canada 

Clinical: 
Published HTAs 
and SRs were 
searched in 
multiple databases 
from 2008 to Nov. 
2013. CITR 
database was 
searched as well. 
 
Economic 
previously 
published EE were 
reviewed; an 
economic model 
has been 
developed to 
assess the cost-
effectiveness. 

Clinical: 
1 HTA and 1 SR 
were included. 
 
Economic: 
1 HTA and 1 EE 
were included. 
 

IT  PT 
 
IIT 

Clinical: 
 Insulin 

independent 
 Full/partial graft 

function 
 Patient-reported 

outcomes 
 Safety: 
 
Cost-effectiveness 
 ICER 
 

CITR=The Collaborative Islet Transplant Registry; EE=economic evaluation; HTA=health technology assessment; 
ICER=incremental cost per life-year gained; IIT=intensive insulin therapy; IT=islet transplantation; PT=pancreas 
transplantation; SR=systematic review; 
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Characteristics of Included Clinical Practice Guidelines 
Author, 
Year, Origin 

Objective of Guideline Evidence Collection, Selection and Synthesis 

CDA 
guidelines, 
2013, 
Canada2 

To provide a useful reference tool to 
help healthcare professionals 
translate the best available evidence 
into practice; to update the 2008 
CDA guidelines.  

• Evidence was identified through 
comprehensive literature search of English-
language literature; updated literature 
searches were performed at regular intervals 
through the development process. 

• Level of evidence was determined based on 
study’s objectives, methodological rigour, 
susceptibility to bias and generalizability. 

NHS 
guidelines, 
2012, 
Spain18 

To improve the quality, efficiency 
and equity of care for people with 
type 1 diabetes in the NHS; to 
provide guidance on the various 
alternatives for the care provided to 
people with type 1 diabetes, 
establishing the most relevant and 
up-to-date evidence-based 
recommendations  

• Evidence was identified through 
comprehensive literature search of Spanish/ 
English/ French/ German-language literature, 
from 1998 to March 2011 

• Relevant clinical practice guidelines and 
clinical studies were identified 

• Data extraction were performed by 2 
independent reviewers 

• Quality of the included literature was assessed 
using AGREE or SIGN instruments for 
guidelines and clinical trials, respectively 

• Classification of levels of evidence and grades 
of recommendations was based on the SIGN 
scale  
 

CDA=Canadian Diabetes Association; NHS=National Health System (Spain) 
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APPENDIX 3:  Critical Appraisal of Included Studies 
 
First Author, 
Publication Year, 
Country 

Strengths Limitations 

Health Technology Assessments 
Xie, 20137  
Canada 

• Review (clinical and economic): 
Objectives and inclusion/exclusion 
criteria were stated. 
 

• Economic model: 
Study had a well-defined question, 
description of the competing 
treatments and established 
effectiveness of the therapies. 
 
Perspective, time horizon, 
discounting were stated. 
 
Costs with their references were 
disclosed and appropriate. 
 
Sensitivity analyses were performed 
and conclusions were adequate. 

• Literatures were searched in the 
last 5 years; not clear if there was 
a restriction on language; only 
published studies were searched. 

• Unclear if study selection and 
data extraction were conducted 
by 2 independent reviewers; no 
description on the methods of 
quality assessment for the 
included studies.  

• No list of all included studies with 
their characteristics and 
appraisal. 

• No list of excluded studies. 
• No declaration of conflict of 

interest or sources of funding. 
• Publication bias was not 

examined. 
• Economic model: 

Cost-effectiveness was assessed 
from the perspective of a local 
health authority; the 
generalizability of the study 
results to a different setting was 
unclear. 

 
Clinical Practice Guidelines 
CDA guidelines, 
2013, Canada2 

• The objective of the guideline was 
clearly specified 

• The health topic was clearly 
specified 

• The population to which the 
guideline applies was clearly 
mentioned, and the views and 
preferences of the target 
population have been sought 

• Methods for formulating 
recommendations were reported 

• Recommendations were specific 
and unambiguous 

• Key recommendations were 
easily identifiable 

• Conflicts of interest were declared 

• Only English-language 
literatures were identified 

• The guideline did not provide 
advice on how the 
recommendations can be put 
into practice 

• The potential resource 
implications of applying the 
recommendations have not 
been considered  
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First Author, 
Publication Year, 
Country 

Strengths Limitations 

NHS guidelines, 
2012, Spain18 

• The overall aim of the guideline 
was clearly described 

• The health topic was clearly 
specified 

• The population to which the 
guideline applies was clearly 
mentioned, and the views and 
preferences of the target 
population have been sought  

• Methods for formulating 
recommendations were reported 

• Recommendations were specific 
and unambiguous 

• A procedure for updating the 
guideline was specified 

• Competing interests of guideline 
authors were reported 

• The guideline did not provide 
advice on how the 
recommendations can be put 
into practice 

• The potential resource 
implications of applying the 
recommendations have not 
been considered  
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APPENDIX 4: Summary of Study Findings 
 
First Author, 
Publication 
Year, Country 

Main Study Findings Authors’ Conclusions 

Health Technology Assessments 
Xie, 2014, 
Canada7 

• Clinical effectiveness and safety: 
1 SR, 1 HTA and CITR were identified. 
 
Data from the included SR and HTA: 

o 5 year insulin independence rates was 
50%; 

o Reduced severity of hypoglycemia 
episodes, reduced progression of 
diabetic microvascular complications, 
and improved cardiovascular function 
was reported; 

o Patient survival was 96% at 12 years in 
a large case series; 

o Post-operative complications: 
Hematoma, paresthesia, infection, 
phlebitis were commonly reported, but 
overall event numbers were small. DVT 
and PE were rare. 

o Diabetes-specific QOL following IT was 
improved compared with before IT; the 
effect was maintained over 3 years. 

 
CITR data: 

o Full and partial graft function rates:  
3 years after the last IT infusion: 44% 
and 21%, respectively; 
5 years after the last IT infusion: 24% 
and 19%, respectively. 
(compared to various types of PT:  
1-year insulin independence: 82-89%  
5-year insulin independence: 58-71%) 

o Risk of AEs and severe AEs due to IT 
infusions and/or immunosuppression 
therapy in recent years was lower than 
those in earlier years (decreased from 
69% in 1999-2003 to 47% in 2004-2006 
and to 26% in 2007-2009) 

o Most common procedure-related 
complications: intraperitoneal bleeding 
(2%), partial branch-vein occlusion (8%) 
and liver abnormality (40%); most 
severe AEs were related to 
immunosuppression. 

 
• Cost-effectiveness:  

1 US study and 1 Canadian HTA report 
assessed the cost-effectiveness of IT. 
 

“For type 1 diabetes with unstable 
metabolic control who have 
previously undergone a kidney 
transplant, IT therapy can improve 
glycemic control and reduce the risk 
of hypoglycemia.  
PT is associated with a risk of 
procedural mortality and of serious 
post procedural complications. IT is 
associated with a negligible risk of 
procedural mortality or complications. 
Both procedures carry a high risk of 
severe adverse events that are 
associated primarily with the 
immunosuppression therapy.  
 
Compared with PT, IT leads 0.092 
life-years or approximately one month 
gained in 5 years follow up. This 
translates into a relatively high 
incremental cost-effectiveness ratio of 
IT vs PT of $66,552 per life-year 
gained at 5 years post-transplant. 
Compared with IIT, IT is associated a 
significantly higher cost, but also with 
a significantly reduced risk of 
diabetes-related complications.  
 
There is as yet insufficient evidence 
that IT is equal or superior to PT to 
justify its routine use when PT is the 
contemplated procedure.” (p. xii) 
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First Author, 
Publication 
Year, Country 

Main Study Findings Authors’ Conclusions 

o From literature review: 2 economic 
studies were identified (1 from US, 1 
from Canada) 

 One time cost of an IT infusion 
was ~US$93,500 in the US 
study, and was C$131,000 in 
the Canadian study.  

 The US study: cumulative cost 
and QALY of IT vs. IIT over 20 
years were US$519,000 and 
10.9 QALYs and US$663,000 
and 9.3 QALYs. 

 The Canadian study: cumulative 
cost in 20 years was C$410,373 
for IT and C$35,769 for IIT; IT 
was superior in effectiveness 
with 2.06 QALYs gained and the 
incremental cost per QALY 
gained was $181,847. 

o From economic model: 
 Compared to PT, IT resulted in 

0.092 life-years gained at a 
higher incremental cost of 
C$6,120 in 5 years per 
procedure. 

 Corresponding ICER was 
C$66,552 per life-year gained at 
5 years follow-up. 

 ICER in sensitivity and scenario 
analyses ranged from C$50,000 
to C$80,000 per life-year 
gained. 

 Compared to IIT, the 
incremental cost of IT was 
C$28,383 at 1-year follow up, 
and C$23,023 at 5-year follow 
up. 

Clinical Practice Guidelines 
CDA guidelines 
2013, Canada2 

Recommendation: “individuals with type 1 diabetes with preserved renal function, or who 
have undergone successful kidney transplantation but have persistent metabolic instability 
characterized by severe glycemic lability and/or severe hypoglycemia despite best efforts to 
optimize glycemic control, may be considered for pancreas or islet allotransplantation.” 
(Grade D, Consensus) – page S95 

NHS guidelines 
2012, 
Spain18 

Recommendation: “Nowadays, islet transplantation is only recommended in the context of 
controlled trials” (Grade C) – page 160 

AE=adverse event; CITR=The collaborative islet transplant registry; HTA=health technology assessment; 
ICER=incremental cost-effectiveness ratio; IIT=intensive insulin therapy; IT=islet transplantation; NHS=National 
Health System (Spain); PT=pancreas transplantation; QALY=quality-adjusted life years; QOL=quality of life; 
SR=systematic review; 
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