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Abstract

Recently, initiatives have been undertaken to establish an islet transplantation program in Athens,

Greece. A major hurtle is the high cost associated with the establishment and maintenance of a

clinical-grade islet manufacturing center. A collaboration was established with the University

Hospitals of Geneva, Switzerland, to enable remote islet cell manufacturing with an established

and validated fully operational team. However, remote islet manufacturing requires shipment of

the pancreas from the procurement to the islet manufacturing site (in this case from anywhere in

Greece to Geneva) and then shipment of the islets from the manufacturing site to the transplant

site (from Geneva to Athens). To address challenges related to cold ischemia time of the pancreas

and shipment time of islets, a collaboration was initiated with the University of Arizona, Tucson,

USA. An international workshop was held in Athens, December 2011, to mark the start of this

collaborative project. Experts in the field presented in three main sessions: [1] Islet

transplantation: state-of-the-art, and the “network approach”; [2] Technical aspects of clinical islet

transplantation and outcomes; and [3] Islet manufacturing – from the donated pancreas to the islet

product. This manuscript presents a summary of the workshop.
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Introduction (presentation by Theodore Karatzas, Associate Professor of

Surgery, Medical School, University of Athens, Greece)

Type 1 diabetes currently affects approximately 5 million individuals in the world. In

Greece about 1,000 new cases with type 1 diabetes are reported every year, with an

increasing frequency afflicting especially children under school age. Tight control of blood

glucose achieved by intensive insulin treatment, self blood glucose monitoring and patient

education, could prevent the development of diabetic complications and retard the

progression of the disease. Beta-cell replacement by islet transplantation is a potential

treatment that can achieve insulin independence, constant normoglycemia, avoidance of life-

threatening complications and severe hypoglycemic episodes.

There is no islet transplantation program in Greece. Many potential donor pancreata are

available every year to cover the needs of the country, but the transplant community

encounters difficulties in benefiting from these pancreatic grafts. As a result, the pancreata

from deceased donors are not retrieved and are discarded. Therefore, there is a need for an

islet transplant program.

The field of islet transplantation worldwide has evolved tremendously, since the

introduction of the Edmonton Protocol in 2000 (1). Today, islet transplantation is a standard

procedure for the treatment of type 1 diabetes in many centers (2-4). Substantial efforts have

been initiated to establish collaborative clinical trials with centralized islet manufacturing

centers. The results of successful clinical trials that come from international collaborations

and assisted by innovative technologies, offer a great potential. Citing Dr Reinhart Bretzel et

al.: “continued international collaboration will further stimulate excitement in the field as

innovative solutions, such as preservation methods, isolated techniques etc, are created to

overcome the problems with islet cell transplantation” (5).

The Swiss-French consortium GRAGIL (Groupe Rhin – Rhône – Alpes et Genève pour la

greffe d'Îlots de Langerhans) (6), a multi-center islet transplant network consortium,

constitutes an excellent example of a successful international collaboration. Multi-center

networks covering large areas, with the possibility of crossing country borders, allow

considerable expansion of the donor pool and the patient population eligible for islet

transplantation at a given program. Also, the high cost and high level of expertise necessary

for maintaining and operating islet manufacturing facilities, together with the economies of

scale and improvement in success rates achieved by increasing the numbers of pancreata

processed per facility, have prompted the establishment of consortia with centralized islet

manufacturing. The Swiss-French consortium has raised the possibility of implementing an

islet transplantation program in Greece, in collaboration with the centers of Geneva and

Tucson- Arizona.

An international workshop was held in Athens, December 2011, to mark the start of this

collaborative project. Experts in the field were invited to present in three main sessions: [1]

Islet transplantation: state-of-the-art, and the “network approach”; [2] Technical aspects of

clinical islet transplantation and outcomes; and [3] Islet manufacturing – from the donated

pancreas to the islet product. The main objective of this workshop was to enable a clinical
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collaborative islet trial that would involve the following three main steps: [1] pancreas

retrieval from deceased donors performed in Greece; [2] transferring the pancreas to Geneva

for processing, islet isolation and assessment of islet quality; and [3] culture and shipment of

islets from Geneva to Athens to be infused in diabetic patients (Fig. 1).

The geographic peculiarities of Greece and the long distance between Athens and Geneva

produce time limitations of pancreas preservation leading to prolonged cold ischemia time,

that would consequently affect pancreas processing, having deleterious effect on the quality

of isolated islets. These complications of prolonged cold ischemia time (longer than 10-12

hours), were also discussed in the workshop. Islets are very fragile and extremely

susceptible to conditions of low oxygen supply, and many do not survive the procedure of

enzymatic tissue digestion followed by purification and cell culture, after exposure of the

pancreas to prolonged cold ischemia beyond 10 hours. The collaboration with the University

of Arizona at Tucson was initiated to bring innovative technologies enabling prolonged

pancreas preservation times (up to 24 hrs) and optimal shipment conditions of islets, to meet

the demands presented by the long distance between Athens and Geneva (Fig. 1). During the

workshop aspects of improved pancreas preservation with the emerging technology of the

persufflation preservation method, that could circumvent the current limitations of a >10

hours cold ischemia time (7). Aspects of islet manufacturing with innovative technologies

that may have the potential of maintaining islet quality and function were also highlighted in

the workshop (8).

An opening introduction was given by Prof. Rainer Gruessner (Professor and Chair,

Department of Surgery, University of Arizona, Tucson, USA), and a keynote lecture was

given at the end of the workshop by Prof. David Sutherland (Professor of Surgery,

Department of Surgery, Director Schulze Diabetes Institute, University of Minnesota,

Minneapolis, USA). This manuscript presents a summary of the workshop.

Session 1: Islet transplantation: state-of-the-art, and the “network

approach”

Islet transplantation: current state of the art (presentation by Thierry Berney, Professor of
Surgery, Department of Visceral Surgery and Transplantation, University Hospitals
Geneva, Switzerland)

This presentation started with a description of the procedure of processing the donor

pancreas to yield the purified islet preparations which are infused into the portal vein and

implant in the liver. Two groups of patients are nowadays eligible for receiving an islet

transplant: patients with diabetic nephropathy, receiving a transplant simultaneously with or

after a kidney transplant (aim: nephroprotection); and patients without diabetic nephropathy

with severe hypoglycemia (aim: glycemic stability). Outcomes of the Collaborative Islet

Transplant Registry show a high percentage of successful transplants with a gradual decline

after transplantation, so that insulin independence is reduced to 25% of cases after 4 years

(9). However this does not reflect a complete loss of graft function: C-peptide reflecting

graft function is measurable in 60-70% of patients at 5 years after transplantation, and

glycemic stability is evident by an almost absence of significant hypoglycemic insults 4-5
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years after transplantation. Benefits of graft function are also evident in a reduced

progression of retinopathy and a better function of a kidney graft.

The interest in islet transplantation, with subsequent higher numbers of patients transplanted,

increased substantially after the immunosuppressive treatment following the Edmonton

protocol was published in 2000, and with time thereafter the outcomes are improving, i.e.,

the incidence of insulin independence at 2 years after transplantation increased from

appoximately 40% in transplants performed in the period 1999-2003 to 55% for transplants

performed in the period 2007-2009; in selected protocols 50% of patients show insulin

independence at 5 years after transplantation and 70% of patients show graft function

(10,11).

New approaches besides immunosuppression include intervention to attenuate the “instant

blood-mediated inflammatory reaction” occurring after infusion of islets into the blood

circulation, and the use of GLP-1 analogues to protect islet beta cells from apoptosis. The

increasingly favorable comparison with whole pancreas transplantation shows the enormous

potential of islet cell transplantation for further expansion in the area of beta-cell therapy

(Table 1).

Islet transplantation in networks: the Swiss-French GRAGIL experience (presentation by
Christian Toso Senior Consultant, Department of Visceral Surgery and Transplantation,
University Hospitals Geneva, Switzerland)

The GRAGIL Consortium is a multicenter network in islet transplantation, that was initiated

in 1997 particularly to reduce costs associated with the infrastructure and operations of islet

cell manufacturing (6,11-13). It also enabled centers to start islet transplantation without the

need to build an infrastructure for islet cell manufacturing: hence, the network approach

indirectly increases the donor and recipient population, and enables to combine efforts in

clinical trials. Evidently, this network requires the feasibility of distant islet cell processing

as shown in collaborative efforts by other groups in Europe and the US, keeping ischemia

time of donor pancreata as short as possible. GRAGIL currently comprises 9 transplant

centers in three regions in France and one in Switzerland, around one islet production group

in Geneva: the waiting list, serum library, donor selection, islet processing and islet

allocation is centralized, and patient screening, pancreas procurement, transplant procedure

and patient follow-up is localized (Fig. 2).

The review of the activities published in 2005 showed a clear increase with time of

operations of both pancreas donors (up to 150/year) and islet isolations (up to 60/year), with

a clear relationship between the number of donors and numbers of patients on the waiting

list for the individual regions. Trials were conducted to validate the Edmonton protocol, and

also to compare the outcome of islets that were shipped in the network with that of islets that

were not shipped. The results of clinical outcomes were similar for islets prepared at distant

location and islets that were not shipped. It is concluded that the multicenter network in

GRAGIL works very well, with achievements being maximizing technical expertise,

reaching of critical mass (donor pool and waiting list) and decreasing financial investments.

The model is reproduced elsewhere (e.g., the Nordic network).
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Centralized islet procurement for clinical transplants: key challenges for long-distance
islet processing (presentation by James Shaw, Professor of Regenerative Medicine for
Diabetes, Institute of Cellular Medicine, Medical School, Newcastle University, Newcastle
upon Tyne, UK)

In the UK a network for islet cell transplantation was established, which was the first health

service funded program as an established clinical intervention, guided by the National

Health Service/ National Institute for Health and Clinical Excellence with the goal of

preventing recurrent severe hypoglycemia and attaining HbA1c targets below 7% (14,15).

The first transplant with transported islets was undertaken in Newcastle in 2008.

In this national collaborative initiative between 7 centers (Fig. 3), truly equitable sharing of

organs between whole pancreas and isolated islet recipients has been achieved, maximizing

donor organ use and ensuring optimal quality for islet patients wherever they live in the UK.

This is now leading to increased awareness of inclusion criteria nationally and established

referral pathways. The centrally commissioned target is to achieve transplantation of 80-100

patients each year. During the period 2008-2011, 38 transplants were performed in 24

patients without major side effects (no mortality and only 2 minor hepatic bleeds): 96% of

recipients attained primary graft function with prevention of recurrent severe hypoglycaemia

in all and average HbA1c level below 7% attained.

In this program there is a high focus on innovation and research (16-18). Amongst other

areas a detailed experimental medicine approach to determine biomedical and psychosocial

outcomes has been established. This includes continuous subcutaneous glucose monitoring,

centralized assay of standardized mixed-meal tolerance tests and urinary C-peptide

creatinine ratio; T-lymphocyte studies of recurrent autoimmunity and serum cytokines; in

addition to protocol hepatic magnetic resonance imaging. Validated and novel patient-

reported outcome questionnaires are completed at each time point.

Relevant to this symposium, pancreas preservation and islet shipment is also core to the

integrated UK program with only three central islet isolation facilities (King's College

London, Oxford and Edinburgh) providing isolation and distribution for all seven transplant

centers (King's College London, Oxford, Edinburgh, Bristol, Manchester, Newcastle and

Royal Free London). With the aim of increasing successful transplant conversion from

Extended Criteria Donors, pancreas persufflation technology is undergoing testing in

pancreata affected by ischemia due to donor circulatory failure in donors, in collaboration

with the University of Arizona at Tucson. National Health Service commissioning of the UK

islet program underpins collaborative research towards novel innovations in the field and

facilitates early funded adoption of these once validated.

Session 2: Technical aspects of clinical islet transplantation and outcomes

Current immunosuppressive protocols in islet transplantation (presentation by Thierry
Berney, Professor of Surgery, Department of Visceral Surgery and Transplantation,
University Hospitals Geneva, Switzerland)

An overview of various immunosuppressants was presented with the associated goals:

prevention of rejection, prevention of recurrence of autoimmunity, and prevention of non-
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immune graft loss (19). Besides efficacy, a major aspect is the emergence of adverse side

effects, in particular islet toxicity that is particularly well-known for glucocorticosteroids

and the calcineurin inhibitor tacrolimus. But, this is also demonstrated for rapamycin and

cyclosporine: mycophenolic mofetil is an exception amongst traditional

immunosuppressants because it does not have diabetogenic properties. The success of the

Edmonton protocol was the use of islets from 2-3 donors per recipient, the absence of

glucocorticosteroids and use of low-dose tacrolimus in combination with rapamycin. Other

adverse events, such as leukopenia, anemia, thrombocytopenia and cholesterolemia in over

80% of patients, warranted the development of alternative strategies.

Post-Edmonton regimens include T-cell depletion (anti-thymocyte globulin, anti-CD3

antibody, anti-CD52 antibody), anti-inflammatory reagents including anti-TNFα and anti-

IL1 reagents, and costimulatory blockade using anti-LFA1 and CTLA4Ig reagents (20,21).

Current standard immunosuppression includes induction with a T-cell depleting agent, a

TNFα inhibitor and a calcineurin inhibitor, and maintenance immunosuppression with a

calcineurin inhibitor and either mycophenolic mofetil or rapamycin. With the innovations

and optimizations of immunosuppressive regimens, in particular T-cell depletion, the

survival of islet transplants measured in insulin independence of the recipient is approaching

the same level as survival of pancreas transplants (4).

Radiological guidance for islet infusion (presentation by Paris Pappas, Director of
Radiology, University of Athens, Greece)

The procedure of islet infusion into the portal vein using the percutaneous transhepatic

approach under radiological guidance (22) was described in detail, using data and

illustrations provided by the Geneva group. The intraportal islet infusion procedure has

excellent results in terms of islet graft function and has a low morbidity. This procedure is

performed under monitoring of the portal pressure. The rise in portal pressure correlates

with the tissue volume infused: but, neither the volume infused nor the rise in portal pressure

is associated with the occurrence of complications. However, an increase in portal pressure

exceeding 20 cm H2O warrants to interrupt the procedure. For 93 islet infusions there were 9

complications recorded: 3 perihepatic hematomas, 2 portal branch thrombosis, and 4 intra-

abdominal hemorrhages.

Metabolic monitoring of the islet graft – continuous glucose monitoring (presentation by
François Pattou, Professor and Chair, Department of General and Endocrine Surgery,
University of Lille, France)

After an introduction of the islet program in Lille (23,24) including islet manufacturing and

quality assessment, a study was presented that evaluated the influence of restoring

endogenous insulin secretion by islet transplantation on various components of dysglycemia,

focusing on continuous glucose monitoring (25). This was done in 23 consecutive type 1

diabetes patients, 23 consecutive patients with type 1 diabetes (14 islet-alone, 9 islet-after-

kidney) receiving 2 or 3 islet infusions within 3 months using the Edmonton protocol. At the

3-year visit, graft function persisted in 19 patients (82%), and 10 (43%) remained insulin-

independent with an HbA1c below 6.5%. Graft function was estimated via ß-score, a
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previously validated index (range 0–8) based on treatment requirements, C-peptide, blood

glucose and HbA1c. The four components of the glucose profile (mean glucose, glucose

standard deviation, hyperglycemia and hypoglycemia) were significantly improved after

transplantation (Table 2). All these outcomes were related to ß-score (p<0.001). However,

partial function (ß-score>3) was sufficient to abrogate hypoglycemia, and sub-optimal

function (ß-score>5) was necessary to significantly improve mean glucose, glucose standard

deviation, hyperglycemia. When graft function was optimal (ß-score 8) the four components

of glucose profile became identical to healthy controls.

Taken together, these results showed that all components of dysglycemia are not equally

affected by the degree of islet graft function, which could have important implications for

future development of beta cell replacement. Continuous glucose monitoring allows the

objective assessment of metabolic control related to graft function.

Session 3: Islet manufacturing – from the donated pancreas to the islet

product

Organ preservation: pre-clinical and clinical experience with persufflation in whole organ
preservation prior to transplantation (presentation by Thomas Minor, Professor of Surgical
Research, Head of Surgical Research Division, Clinic of Surgery, University of Bonn,
Germany)

This presentation addressed other organs than the pancreas, in particular the liver (Fig. 4).

There are various techniques of organ preservation, such as static cold storage, machine

perfusion, and oxygen persufflation. Many studies on persufflation were performed on

livers, showing a better preservation regarding energy metabolism, integrity of mitochondria

and endothelial cells, prevention of Kupffer cell activation and reduction of proteolysis

(27-29). In animal models, mainly in pigs, livers subjected to venous systemic oxygen

persufflation showed better survival compared to organs subjected to conventional cold

storage, thanks to a better preservation of metabolism and organ integrity (30-33). The

improved quality of the organ upon gaseous oxygenation during cold storage is most likely

related to a better mitochondrial and cellular homeostasis prior to the challenge of warm

reperfusion.

Based on the preclinical evidence, venous systemic oxygen persufflation was tested in the

clinical liver transplantation, at first in a pilot study to document the feasibility of the

approach. These studies are presently ongoing.

Enabling technologies for shipment and assessment of pancreas and islet products
(presentation by Klearchos K Papas, Professor of Surgery, Scientific Director, Institute for
Cellular Transplantation, University of Arizona, Tucson, United States)

Islet potency testing—real-time islet potency testing is critical for widespread clinical

application of islet transplantation as it will minimize the chances of transplanting non-

viable and nonfunctional preparations, further improving success rates. A substantial

investment has been made by the Juvenile Diabetes Research Foundation and National

Institutes of Health on this topic with fruitful results (8,34-39). A variety of tests have been
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proposed and evaluated: some with very good to excellent predictive capabilities in small

animal models. As an islet potency assay, the oxygen consumption measurement normalized

to DNA has been developed and validated in various islet transplantation models such as the

rat, pig and human-to-mouse models, and more recently in pig-to-nonhuman primate islet

transplantation and single donor human allo- and auto-transplantation (8). This test is

currently being evaluated through assessments of islet products transplanted in patients

participating in the NIH sponsored phase III registration islet transplantation trials in the

Clinical Islet Transplant consortium. This test will also be implemented for the assessment

of clinical islet products in the Athens-Geneva-Tucson project, after isolation and before

shipment from Geneva and prior to transplantation in Athens.

Pancreas Preservation—Prolonged cold ischemia time during pancreas preservation has

a detrimental impact on islet yield and viability. Even 8-12 hours of cold ischemia time can

have a significant and negative impact on viable islet yield (40-43). Methods that improve

oxygenation during pancreas preservation are believed to have a substantial impact

extending the preservation time window to up to 24 hours and to improve viable islet yield

(7). Pancreas tissue is particularly susceptible to damage during prolonged warm and/or cold

ischemia. The impact of hypoxia on viable islet yield may be in part due to the exquisite

sensitivity of beta cells to hypoxia as they do not have the ability to generate appreciable

levels of ATP via anaerobic glycolysis because they express very low levels of LDHα (40).

The two-layer cold storage method was implemented as it was believed to improve islet

integrity and graft functional outcome, thanks to enhanced tissue oxygenation. Methods to

enhance oxygenation during pancreas preservation via static cold storage (such as the two-

layer-method) have been proven largely ineffective and incapable of oxygenating porcine

and human pancreata (7,41-45), with a large volume fraction (~85%) of the human pancreas

remaining hypoxic (44). Although the two-layer-method may be effective for thin-sized

pancreata, e.g. those from small animals, alternative approaches for oxygenation are

required for larger-sized pancreata. Persufflation is such an alternative, as has been

documented in experimental studies including islet potency in the diabetic mouse model (a

potency assay mentioned above). Persufflation is currently being evaluated in the UK islet

transplant network mentioned above through funding provided by the DWRF, and will be

included in the Athens-Geneva-Tucson project.

Islet Culture and Shipment—Oxygen supply is of particular importance for islets during

culture and shipment. Theoretical models confirmed with experimental data indicate a direct

relationship between cell density and oxygen deprivation of cultured islets (46-47). A

relevant improvement in culture flasks with gas-permeable silicon rubber membranes was

presented: experimental studies have shown a much better outcome for islets cultured in

such devices (46). The same applies to islet shipment for which devices with gas permeable

membranes in pressure regulated gyroscopic shipping containers are to be used (Fig. 5).

These containers fit within specialized shipping boxes containing phase change materials

capable of maintaining temperature within them at 22°C irrespective of external temperature

(in the range of -20°C to 60°C) over 48 hours (47).
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Conclusions

In this international workshop a series of expert presentations were given that together gave

an excellent overview of the present status of clinical islet transplantation. First, the

Edmonton protocol has given a substantial boost in islet transplantation now more than 10

years ago, and during this decade the transplant outcomes have gradually increased. Besides

adaptations to immunosuppressive regimens, with the aim to further reduce diabetogenic

drugs, improved outcomes are also ascribed to improved islet cell manufacturing and quality

assessments, as well as patient monitoring. To avoid substantial investments, in particular in

islet cell manufacturing, a number of islet cell transplantation networks have been

established: the experiences of the GRAGIL group and the UK network show that such

networks are successful, with the perspective that more organs become available and more

patients can be transplanted.

However, besides the field of immunosuppression, major improvements are warranted in

pancreas preservation and islet culture and shipment. This is particularly relevant for the

building of an islet transplantation program in Greece, to avoid damage to organ and cells

related to the distance between Athens and Geneva where islet cell manufacturing is

planned. Organ persufflation is one approach, and cell culture and shipment in devices with

gas permeable membranes is another. The overview of various aspects of islet

transplantation during this workshop included a comprehensive description of all aspects to

be considered in the Athens-Geneva-Tucson project. This aside, this workshop presented the

ingredients for other islet transplant centers and networks as well to enhance achievements

in transplant outcomes.
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Fig. 1.
The Athens-Geneva-Tucson collaboration, showing the flow-chart of pancreas harvested in

Greece transported to Switzerland for islet cell manufacturing, followed by shipment of

islets to Greece. The long distance between Athens and Geneva requires the implementation

of innovative new technologies and expertise for organ preservation and islet shipment that

are contributed by the Tucson group.
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Fig. 2.
The centers participating in the GRAGIL (Groupe Rhin – Rhône – Alpes et Genève pour la

greffe d'Îlots de Langerhans) network.
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Fig. 3.
The National Commisioning Group (NCG) and National Scottish Islet Transplant Centres

network for islet cell transplantation in the United Kingdom. Red circles, NCG Islet

Transplant Centre; blue circle, National Scottish Islet Transplant Centre.
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Fig. 4.
Schematic representation of the gaseous oxygen persufflation set-up used for the condition

of livers during hypothermic preservation. From ref 26.
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Fig. 5.
Schematic depicting a silicone rubber vessel within specially designed gyroscopic container

enabling upright positioning of the silicone rubber vessel irrespective of the position and

orientation of the gyroscopic container.
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Table 1

Comparison of pancreas and islet transplantation

Pancreas transplantation Islet transplantation

First case performed 1966 (Minneapolis) 1974 (Minneapolis)

Total world experience ~30,000 cases ~1,600 cases

Insulin independence

1 year 85% 80%

5 years 70% 25-50%

Graft function

5 years 70% 70%

Surgical approach Laparotomy Interventional radiology

Major surgery Minimally invasive

Complications Frequent - severe Less frequent – less severe

Thrombosis Bleeding

Pancreatitis Portal thrombosis

Peritonitis

Mortality Low (4%) Exceptional (~0%)

Preferred indication Simultaneous pancreas-kidney Islet transplant alone

Number of donors 1 1-4

Potential Achieved Enormous
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Table 2

Glucose profile after islet transplantation

Baseline (n=23)
a

6 months (n=23)
a

3 years (n=23)
a

B-score 8 (n=39)
b

HbAlc, % 8.3 (7.3-9.0)
6.0 (5.7-6.4)

**
6.7 (5.9-7.7)

**
5.6 (5.0-5.8)

**

Insulin requirements, IU/kg/day 0.63 (0.40-0.75)
0 (0-0)

**
0 (0-0.28)

**
0 (0-0)

**

Mean glucose, mmol/L 8.0 (7.3-11.6)
6.0 (5.5-7.8)

**
6.2 (5.8-7.3)

*
5.7 (5.3-6.2)

**

Glucose standard deviation, mmol/L 3.2 (2.3-4.3)
0.9 (0.7-1.3)

**
1.8 (0.8-2.8)

*
0.8 (0.6-1.1)

**

HYPER, % of time above 10 mmol/L 33 (19-51)
0 (0-5)

**
6 (0-15)

*
0 (0-0)

**

HYPO, % of time under 3 mmol/L 5 (1-8)
0 (0-3.5)

*
0 (0-2)

*
0 (0-0)

**

Data presented are median values(interquartile range)

a
analysis per intention to treat of continuous glucose measurement outcomes in the 23 patients throughout the 3-year study

b
combined analysis of continued glucose measurement outcomes of the 39 tests associated with excellent graft function (ß-score 8) at any given

time following transplantation

*
p< 0.01 versus baseline

**
p< 0.05 versus baseline
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