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Abstract

Background—Islet cell transplantation (ICT) is a promising approach to cure patients with type

1 diabetes. We have implemented a new immunosuppression protocol with antithymoglobulin

plus antiinflammatory agents of anakinra and eternacept for induction, and tacrolimus plus

mycophenolate mofetil for maintenance (T cell depletion with antiinflammatory [TCD-AI]

protocol), resulting in successful single-donor ICT.

Methods—Eight islet recipients with type 1 diabetes reported adverse events (AEs) monthly.

AEs were compared among three groups: first infusion with the TCD-AI protocol (TCD-AI-1st)

and first and second infusion with the Edmonton-type protocol (Edmonton-1st and

Edmonton-2nd).

Results—The incidence of symptomatic AEs within the initial 3 months in the TCD-AI-1st

group was less than in the Edmonton-1st and -2nd groups, with a marginally significant difference

(mean ± S.E.: 5.5±0.3, 7.5±0.5, and 8.3±1.3, respectively; p = 0.07). A significant reduction in

liver enzyme elevation after ICT was found in the TCD-AI-1st group compared to the

Edmonton-1st and -2nd groups (p < 0.05). Due to AEs, all patients in the Edmonton protocol

eventually converted to the TCD-AI protocol, whereas all patients tolerated the TCD-AI protocol.
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Conclusions—TCD-AI protocol can be tolerated for successful ICT although this study

includes small cohort and large population trial should be taken.
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INTRODUCTION

Islet cell transplantation (ICT) offers a significant advantage in curing type 1 diabetic

patients by replacing β cells in an intervention that is less invasive than whole organ

pancreas transplantation (1, 2). The Edmonton protocol for ICT brought in the new era,

resulting in insulin-independence, but only approximately 10% of the recipients remained

insulin independent 5 years after ICT (3). Recent reports have demonstrated that the insulin-

independent period can be prolonged by using immunosuppression regimens with T cell

depletion or blockage of T cell stimulation (4–10). We have implemented a novel

immunosuppression regimen with antiinflammatory agents, using antithymocyte globulin

(ATG) as induction, with its double blockage of anti-interleukin (IL)-1β and tumor necrosis

factor (TNF)-α, followed by tacrolimus plus mycophenolate mofetil (MMF) instead of

sirolimus for maintenance immunosuppression, named as T cell depletion with

antiinflammatory (TCD-AI) protocol in this report. This combination of drugs can lead to

highly successful ICT (11).

One of the major issues in clinical ICT is the risk of adverse events (AEs) related to

immunosuppressants (12). The administration of a calcineurin inhibitor in organ transplant

recipients has been associated with renal dysfunction (13). Sirolimus, a maintenance

immunosuppressant in the Edmonton protocol, damages islet endocrine function (14, 15)

and causes notorious mouth ulcers. Malignant diseases possibly related to

immunosuppressants were also reported in the Collaborative Islet Transplant Registry

(CITR) (16). Newer immunosuppression protocols after Edmonton protocol have been

developed to maximize graft function as well as to minimize AEs although limited

information on AEs are available (Table 1). To position ICT as a feasible intervention and

improve quality of life in islet recipients, benefits such as stabilization of glycemic controls

and prevention of diabetic complications should outweigh the risks of AEs. However, the

study on AEs in T cell depletion-type immunosuppression protocol with double blockage of

IL-1β and TNF-α has not reported so far and is still questioned.

According to the annual report of CITR, the majority of AEs related to immunosuppression

occur within the first year of follow-up (16). Therefore, reduction of AEs in the first follow-

up year is important for quality of life in islet recipients. Herein the aim of this study is

assessing the AEs within the first year after ICT using the TCD-AI protocol compared to the

Edmonton-type protocol.

PATIENTS AND METHODS

The protocol and consent forms were approved by the institutional review board of Baylor

Research Institute (Dallas, TX). Written consent forms were obtained from all participants.
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Patients

Eight patients who received a total of 13 ICTs at our hospitals (Baylor University Medical

Center at Dallas and Baylor All Saints Medical Center at Fort Worth, TX) from November

2005 to February 2010 were included in this study. The same islet staffs served for both two

hospitals and there is no difference in the management of ICT between the two hospitals.

Islets were isolated in the single facility (Baylor Research Institute, Dallas, TX) and shipped

to the two hospitals. Islet preparations were performed as previously described (11, 17),

except for the one transplantation where islets were isolated at a remote center (18). The

islet recipients attended an outpatient clinic every month, and blood samples were taken to

measure blood cells and biochemistry. Patients also reported the AEs at their clinic visits.

Doppler ultrasonography and eye examinations were performed every 6 months during the

study. The median follow-up period was 29.1 months (range, 12–56 months).

Edmonton-type Protocol

Based on the Edmonton protocol, immunosuppression was induced with daclizumab

(Zenapax, Roche Pharmaceuticals, Nutley, NJ), with 1 mg/kg of subcutaneous injection on

days 0, 14, 28, 42, and 56 (17, 19–20). Sirolimus (Rapamune, Wyeth Pharmaceuticals,

Philadelphia, PA) and tacrolimus (Prograf, Astellas, Deerfield, IL) were administered to

maintain immunosuppression (Fig. 1A). The doses of the maintenance immunosuppressants

were adjusted to maintain trough levels of 3–6 ng/mL of tacrolimus and 12–15 ng/mL of

sirolimus (Fig. 2). Etanercept (Enbrel, Immunex, WA) (50 mg) was given intravenously 1

hour before transplantation and 25 mg was administered subcutaneously on days 3, 7, and

10 posttransplant as an anti-inflammatory treatment.

TCD-AI Protocol

As the second-generation protocol, we used rabbit antithymocyte globulin (rATG,

Thymoglobulin, Genzyme, Framingham, MA) at a concentration of 1.5 mg/kg on days 0, 2,

4, and 6 posttransplant for induction immunosuppression (11). Premedication of ATG

included the administration of up to 500 mg of intravenous methylprednisolone, 650 mg of

acetaminophen and 25–50 mg of diphenhydramine. Anakinra (Kineret, Amgen, Thousand

Oaks, CA) (100 mg) was administered intravenously 1 hour pretransplant and

subcutaneously for 7 days after transplantation as an anti-IL-1 β therapy (11). In addition, 50

mg of etanercept was delivered intravenously 1 hour before transplantation. A reduced 25-

mg dose of etanercept was given subcutaneously on days 3, 7, and 10 posttransplant as an

anti–TNF-α therapy. To maintain immunosuppression, we used mycophenolate mofetil

(MMF, CellCept, Roche Laboratories, Nutley, NJ) (2 g/day orally) and tacrolimus (Prograf,

Astellas, Deerfield, IL), aiming for trough levels of 5–10 ng/mL (Figs. 1B and 2).

Concomitant Medications

Oral valganciclovir (450 mg) was administered for 14 weeks irrespective of the donor’s and

recipient’s cytomegalovirus serology status in order to prevent future lymphoproliferative

disorders or graft loss. Trimethoprim-sulfamethoxazole (80 mg of trimethoprim and 400 mg

of sulfamethoxazole per day) was used for standard Pneumocystis jirovecii prophylaxis

during the study. The oral administration of enteric-coated aspirin (81 mg per day) was
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started on day 7. Vitamin A (25,000 IU per day), vitamin B6 (100 mg per day), and vitamin

E (800 mg per day) were also administered orally after day 1 posttransplant.

The administration of exenatide (Byetta, Amylin Pharmaceuticals, San Diego, CA; 10 mg

twice daily with subcutaneous injection) or sitagliptin (Januvia, Merck Pharmaceuticals,

Whitehouse Station, NJ; 100 mg daily with oral administration) was allowed in our protocol.

Data Analysis of AEs

In our protocol, AEs were defined by any reactions, side effects, or other untoward medical

occurrences that are temporally, but not necessarily causally, related to the ICT procedure or

medications. According to the protocol descriptions, AEs were collected from monthly

patient journals, physicians’ records and laboratory data.

All reported AEs were included in this study irrespective of their relationship with

immunosuppression protocols. AEs and their grading were classified according to CITR

guideline that was modified from the Cancer Therapy Evaluation Program, Common

Terminology Criteria for Adverse Events, Version 3.0 provided by the National Cancer

Institute (21). AEs of grade 1 (mild) to 2 (moderate) were grouped as low grade, and those

of grade 3 (severe) to 4 (life-threatening or disabling) as high grade for ease of reference to

the CITR annual report where AEs of grade 3 or above were summarized (16, 21). For

example, mild to moderate pain interfering with function, but not interfering with activity of

daily living (ADL) was classified as low-grade pain whereas severe pain interfering ADL or

disabling was grouped to high-grade.

Symptomatic AEs such as pain or vomiting were assessed with the incidence while

asymptomatic AEs as laboratory data were evaluated using their numerical values.

Hemorrhage and pain at the infusion site were categorized as infusion-related AEs.

Estimated glomerular filtration rate (eGFR) was calculated with the four-variable

Modification of Diet in Renal Disease equation (22).

Grouping

The AEs were categorized based on their association with the first ICT with the TCD-AI

protocol (TCD-AI-1st) or the first and second ICT with the Edmonton-type protocol

(Edmonton-1st and -2nd, respectively). AEs in the induction phase (initial 3 months after

each infusion) and maintenance phase (the following 9 months) were separately evaluated. If

the immunosuppression protocol was changed during the follow-up period, AEs after the

modification were excluded from the analysis.

Statistics

Statistical analysis was performed using PASW statistics 18.0.2 (SPSS Inc, Chicago, IL).

Two-group comparisons were performed with the Fisher’s exact test for categorical values

and the Mann-Whitney U test for continuous values. The incidence of AEs and the results of

blood examinations were tested with the Kruskal-Wallis test nonparametrically. Multiple

comparisons of the proportion of patients with AEs were employed using the chi-square test
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followed by Ryan correction (23). Values were expressed as mean ± S.E. Statistical

significance was considered as a two-sided p value of <0.05 for all statistical tests.

RESULTS

Patient Characteristics and transplantation

There were no significant differences between the two groups in basic characteristics before

transplantation (Table 2). Also no significant differences were observed in transplant

conditions including islet yield per body weight, tissue volume, and initial/maximum/change

of portal vain pressure (Table 3). The immunosuppression protocol in all patients in the

Edmonton group was changed to the TCD-AI protocol after the second ICT since no patient

could tolerate the gastrointestinal AEs (Fig. 3). There were no cases of malignant disease or

death in our cohort.

Adverse Events Related to the Islet Infusion Procedure

Hemorrhage from the percutaneous transhepatic portal access was observed in four

infusions: one low-grade bleed at the first infusion in the Edmonton-type group, one high-

grade bleed at the second infusion in the Edmonton-type group, and two high-grade bleeds

in the TCD-AI protocol group. All recipients suffered from pain at the infusion site

immediately after ICT, but the pain was low grade. There was no portal vein thrombosis in

this cohort.

Adverse Events during the Induction Phase

Symptomatic AEs in the induction phase are summarized in Table 4. The incidence of

overall symptomatic AEs in the TCD-AI group was less than that in the Edmonton-1st and

-2nd group, with marginal statistical significance (TCD-AI-1st, Edmonton-1st, and

Edmonton-2nd: 5.5 ± 0.3, 7.5 ± 0.5, and 8.3 ± 1.3, respectively; p = 0.07 between TCD-

AI-1st versus both Edmonton-1st and -2nd groups). Whereas no significant difference was

found in the three groups if gastrointestinal AEs were excluded (p = 0.27). One high-grade

AE of cardiac ischemia occurred in the TCD-AI group on day 21 and was treated by

percutaneous coronary intervention. The incidence of skin and gastrointestinal AEs was

higher in the Edmonton-type group than in the TCD-AI group. Of note, all patients in the

Edmonton-type group developed mouth ulcers, whereas no patients in the TCD-AI group

did (p < 0.01). Marginally significant differences were also observed between the TCD-

AI-1st and Edmonton-2nd groups for bruising and rash (p = 0.09 and 0.07, respectively).

Regarding blood cell counts, the Edmonton-2nd group did not show an increase in white

blood cells or neutrophils in the early phase of ICT, whereas the Edmonton-1st and TCD-

AI-1st groups showed a doubling of these cells (Fig. 4). The number of lymphocytes in the

TCD-AI-1st group significantly decreased compared to the Edmonton-type groups.

Hemoglobin levels in the Edmonton-2nd and TCD-AI-1st groups, and the number of

platelets in the TCD-AI-1st group, were lower compared to the others; however, platelet

levels recovered 2 weeks after ICT.
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Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels 1 and 2 weeks

after ICT were significantly lower in the TCD-AI-1st group than in the Edmonton-1st group

(p < 0.05) (Fig. 5). The TCD-AI-1st group and the Edmonton-1st group showed a similar

pattern of estimated glomerular filtration rate, whereas the Edmonton-2nd group had lower

values; the difference was not significant (Fig. 6). The TCD-AI protocol group also showed

lower levels of total cholesterol, low-density lipoprotein cholesterol, and triglycerides than

the other two groups, but no significant differences were observed after ICT (Fig. 7).

Adverse Events in Maintenance Phase

The Edomontol-1st and -2nd groups included 3 patients for each since patient #4 in Figure 3

was excluded due to no period of maintenance phase after first ICT and maintenance with

TCD-AI protocol after the second ICT (Table 5). Symptomatic AEs in the maintenance

phase totaled 8.0 ± 2.5 in the Edmonton-1st group, 8.7 ± 1.5 in the Edmonton-2nd group,

and 5.3 ± 0.5 in the TCD-AI-1st group, a difference that was not statistically significant (p =

0.21) (Table 5). Two high-grade AEs were observed in the maintenance phase: severe

diarrhea was developed in the Edmonton-2nd group and diagnosed as Crohn’s disease, and

ileus in the TCD-AI-1st group was recovered by temporal non-per-oral nutrition (NPO) with

a 2-day admission. All patients in the Edmonton-type group developed mouth ulcers, while

no patients in the TCD-AI group did (p = 0.03). Also, all patients experienced extremity

edema in the Edmonton group, and only one patient had edema in the TCD-AI group,

showing a marginally significant difference (p = 0.09). No symptoms suggested

opportunistic infection and no progressed retinopathy were reported compared with baseline,

and no changes of portal flow assessed by Doppler ultrasonography were found during the

study period. No changes in the eye examinations were observed for both groups throughout

the study.

The number of lymphocytes in the TCD-AI-1st group in month 6 was significantly lower

than that in the Edmonton-1st group, while in months 9 and 12, the number slightly

recovered and no significant differences were found (Fig. 8). No significant differences were

observed in liver function tests and lipid profiles between the groups during this period.

Creatinine clearance tests at 1 year after ICT showed 99.7 ± 11.1 mL/min in the

Edmonton-1st group, 63.0 ± 24.1 in the Edmonton-2nd group, and 78.0 ± 15.7 in the TCD-

AI-1st group (not significant).

DISCUSSION

This report focused on the safety of ICT immunosuppression, comparing between the

Edmonton-type protocol and the TCD-AI protocol. The TCD-AI protocol has been shown to

be highly successful in single-donor ICT (11). In this study, the TCD-AI protocol also had

the advantage of less symptomatic AEs in the induction phase with marginal significance

level, especially for dermatology and gastrointestinal events, as well as significant reduction

of liver enzyme elevations. In addition, gastrointestinal AEs and extremity edema in the

maintenance phase were less frequent in the TCD-AI protocol. Of note, the possible bias

that gastrointestinal AEs might be influenced by concomitant diabetic therapy of exenatide

in Edmonton-type protocol group also should be considered. A persistently decreased
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number of lymphocytes up to month 6 was observed in the TCD-AI protocol group,

although there was no opportunistic infection. Overall, the TCD-AI protocol had less AEs

than the Edmonton-type protocol for ICT in this study with 1-year follow-up although

preliminary results shown in this study should be cautiously interpreted due to limited

number of cohort and multi-medication regimen.

Four bleedings from the infusion site were observed in this cohort, although all patients

recovered without sequelae after blood transfusion and/or laparoscopic surgery. One case of

a false aneurysm of a hepatic artery branch controlled by selective embolization was already

reported (24). The portal vein cannulation is the only invasive procedure in ICT, and the

related complications should be minimized. Real-time guidance of ultrasonography with an

attachment probe (25), effective plugging in the catheter tract (26), and laparoscopic

catheterization (27, 28) are helpful in preventing bleeding.

Most symptomatic AEs in the induction phase as well as the maintenance phase in the TCD-

AI protocol group related to dermatology and gastrointestinal AEs, which may link to the

difference in the immunosuppression regimen—i.e., the elimination of daclizumab and

sirolimus. Daclizumab was initially used in renal transplantation for immunosuppression

induction, demonstrating significant reduction of acute rejection (29). Nasopharyngitis

(14.6%) and pyrexia (10.7%) were reported as frequent AEs of daclizumab in a randomized,

double-blind, placebo-controlled trial for patients with ulcerative colitis (30). In our cohort,

AEs attributed to daclizumab were limited to one patient with allergic rhinitis. Sirolimus

was originally identified as an antifungal agent, and studies demonstrated its antitumor and

immunosuppressive effects (31). Due to its mechanism of inhibiting the mammalian target

of rapamycin (mTOR)-induced cell cycle, sirolimus can influence immune cells such as T

cells and B cells as well as multiple cell lines including hematopoietic, vascular, and

bronchial smooth muscle cells (32–34). Subsequently, multiple AEs were reported in

clinical trials with sirolimus. Commonly reported drug toxicities include leukopenia,

thrombocytopenia, anemia, hyperlipidemia, hypercholesterolemia, diarrhea, wound

complications, extremity edema, mouth ulcer, and acne (35–38). Similar events were also

observed in our cohort, with a high frequency of AEs in the dermatology and gastrointestinal

categories among the Edmonton-type protocol group. The number of white blood cells in the

Edmonton-type second infusion group was lower than in the first infusion group, suggesting

myelosuppression induced by sirolimus. The lipid profile trend in the Edmonton-type

protocol group showing higher total cholesterol, low-density lipoprotein cholesterol, and

triglyceride levels compared with the TCD-AI protocol group might also be associated with

sirolimus.

Of note, exenatide was administered in two patients in the Edmonton-type protocol group.

We initially administered exenatide concomitantly, evident by excellent ICT results from the

University of Miami group (39). However, the two patients developed more frequent

gastrointestinal AEs of nausea and vomiting after the administration, resulting in the

discontinuation of exenatide. In the previous articles, gastrointestinal AEs such as nausea

and vomiting are frequently reported with exenatide (40–42); therefore, gastrointestinal AEs

in the two patients might be associated with exenatide administration. After that, sitagliptin
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was alternatively used since it was shown that sitagliptin could prolong islet graft survival in

mice model (43).

There were significant differences in elevations of liver enzymes in our cohort although

significant differences were not found in patient background as well as transplant condition.

Similar findings were also found in report from Emory University group (8). Therefore, we

think that there is a possibility of immunosuppression protocol’s contribution to liver

enzyme elevation.

Compared with the Edmonton-type protocol, rATG, anakinra, and MMF were newly added

in the TCD-AI protocol. In renal transplantation trials, the major AEs of rATG were

infusion reactions such as fever, gastrointestinal disorder, leukopenia, and anemia (44, 45).

T cell depletion is a part of the mechanism of rATG, and lymphopenia was also observed in

our cohort up to 6 months after ICT. Interestingly, no patients in this study had an infusion

reaction. Anakinra is known to be a powerful anti-inflammatory agent, which can prevent

fever (46–48). A previous study on ATG treatment with etanercept for patients with

myelodysplastic syndrome (MDS) reported infusion reaction as a major AE even steroids

were administered before the use of ATG (49). These findings suggest that the double

blockage of TNF-α and IL-1β might contribute the inhibition of infusion reaction. The

injection site reaction has been known as an AE by anakinra for rheumatoid arthritis (50,

51), but in our cohort, the reaction was unremarkable.

The reactivation of latent tuberculosis (TB) is a primary concern when the combination

therapy of eternacept and anakinra is administered since anti-TNF-α agents can interrupt

granuloma formation and stabilization for the prevention of TB infection (52, 53) and a

series of TB infection after eternacept treatment for rheumatoid arthritis (RA) was reported

(54). The US Centers for Disease Control and Prevention (CDC) announced the guideline

for TNF-α therapy in 2005 and our protocol includes purified protein derivative (PPD) test

and chest X-ray in screening phase as well as monthly clinical evaluation for opportunistic

infection according to the CDC guideline (55). Thus, careful follow-up for TB infection is

needed for the use of antiinflammatory protocol although our protocol limits the period of

antiinflammatory administration as within initial 10 days after transplant, allowing reducing

the risk of TB infection by long-term use of antiinflammatory agents such as RA treatments.

No TB infection was reported in the double-blind randomized controlled trial of double

blockage with etanercept and anakinra for RA treatment (56). Of note, the University of

Alberta group demonstrated that the short-term combination therapy of etanercept and

anakinra could significantly improve islet engraftment as well as viability using human islets

in immunodeficient mice, suggesting clinical feasibility of TCD-AI protocol (57).

As common AEs of MMF, gastrointestinal events such as diarrhea, nausea, esophagitis, and

gastritis have been reported in randomized clinical trials for renal transplantation (58–60). In

our cohort, fewer AEs of the gastrointestinal category were observed in the TCD-AI

protocol compared to the Edmonton-type protocol. Since the combination of

immunosuppressive medications can result in a higher risk of opportunistic infections,

careful long-term follow-up is needed.
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From the perspective of tolerability, the frequent AEs in the Edmonton-type protocol

resulted in the conversion from sirolimus to MMF in all four patients. Conversion or

reduction of sirolimus was also reported in recent ICT cases (6–8). Immunosuppression

protocols with sirolimus could lead to successful ICT (19, 20), but the long-term tolerability

of the protocols might be limited due to multiple AEs.

Another possible bias is improvement of islet transplant team by increasing the experiences

of ICTs since Edmonton-type protocol was performed in early era of our clinical study

whereas TCD-AI protocol has been implemented since 2008 to date. The differences of

clinical results between institutions with different number of ICT were reported even the

unified protocol was used (20). Therefore, the randomized multicenter trial is required to

justify the efficacy and safely of TCD-AI protocol.

In summary, we implemented a novel immunosuppression protocol with ATG for induction

and tacrolimus and MMF for maintenance plus anti-inflammatory agents. Reported AEs in

the TCD-AI protocol were fewer than in the Edmonton-type protocol, especially for the

dermatology and gastrointestinal categories. Lymphocyte counts were significantly

decreased in the TCD-AI group for the initial 6 months, but no opportunistic infections were

observed. Importantly, no patients withdrew from the TCD-AI protocol, while all patients in

the Edmonton protocol group switched their maintenance therapy to the TCD-AI protocol

due to frequent AEs. Overall, the TCD-AI protocol is considered safe and tolerable in the

long term for successful ICT. Since this report includes small number of patients at single

institute, further investigation with a multicenter, large cohort study should be undertaken to

draw the final conclusion.
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Figure 1.
Immunosuppression protocols for ICT: (A) Edmonton-type protocol and (B) TCD-AI

protocol. ATG indicates antithymoglobulin; MMF, mycophenolate mofetil.
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Figure 2.
Serum trough levels (ng/mL) of (A) sirolimus and (B) tacrolimus.
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Figure 3.
Immunosuppression for each patient.

Clinical course of immunosuppression for each patient is shown as follows from upper row:

concomitant therapy (exenatide; gray solid line and sitagliptin; gray dotted line),

immunosuppression protocol (induction therapy using Edmonton-type protocol; densely

dotted area, maintenance therapy using Edmonton-type protocol; lightly dotted area,

induction therapy using TCD-AI protocol; densely slashed area and maintenance therapy

using TCD-AI protocol; lightly slashed area), islet cell transplantation (triangle) and the
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period included in this study (black narrow line). Immunosuppression maintenance for

patient 1 was changed to the TCD-AI protocol 34 months after the initial ICT.
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Figure 4.
Impact of induction therapy on blood cell counts, with days after transplant shown on the X

axis.

There were significant differences between the following pairs (p < 0.05): (a) Edmonton-1st

vs. TCD-AI-1st; (b) Edmonton-2nd vs. TCD-AI-1st; (c) Edmonton-1st vs. Edmonton-2nd

and TCD-AI-1st; (d) Edmonton-2nd vs. Edmonton-1st and TCD-AI-1st; and (e) TCD-AI-1st

vs. Edmonton-1st and Edmonton-2nd. WBC indicates white blood cells.
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Figure 5.
Impact of induction therapy on liver function tests, with the X axis indicating days after

transplantation.

There were significant differences between the following pairs (p < 0.05): (a) Edmonton-1st

vs. TCD-AI-1st; (b) Edmonton-2nd vs. TCD-AI-1st; and (c) TCD-AI-1st vs. Edmonton-1st

and Edmonton-2nd. ALT indicates alanine aminotransferase; AST, aspartate

aminotransferase; ALP, alkaline phosphatase.
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Figure 6.
Estimated glomerular filtration rate (eGFR) in the induction phase, with the X axis

indicating days after transplantation.
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Figure 7.
Impact of induction therapy on lipid profiles, with the X axis indicating months after

transplantation.

There were significant differences between the following pairs (p < 0.05): (a) Edmonton-1st

vs. TCD-AI-1st; and (b) Edmonton-2nd vs. TCD-AI-1st. Total-C indicates total cholesterol;

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Figure 8.
Impact of immunosuppression on laboratory tests in the maintenance phase, with the X axis

indicating months after transplantation.

(a) There was a significant difference between the Edmonton-1st group and the TCD-AI-1st

group. WBC indicates white blood cells; AST, aspartate aminotransferase; ALT, alanine

aminotransferase; ALP, alkaline phosphatase; Total-C, total cholesterol; HDL-C, high-

density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Table 3

Transplant conditions

Edmonton-type protocol group TCD-AI protocol
1st infusion (n=4)

P value

1st infusion (n=4) 2nd infusion (n=4)

Islet yield per body weight (IEQ/kg) 7881 ± 1753 8435 ± 2429 10953 ± 1015 0.48

Tissue volume (mL) 7.6 ± 1.6 5.9 ± 1.4 5.8 ± 1.0 0.62

PVP (mmHg)

Initial 8.0 ± 1.1 6.8 ± 1.0 8.8 ± 1.3 0.49

Maximum 17.0 ± 2.9 12.5 ± 1.6 15.0 ± 1.2 0.33

ΔChange 9.0 ± 3.8 5.8 ± 1.9 6.3 ± 2.2 0.68

Abbreviation; PVP: portal vein pressure.
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Table 4

Incidence of Symptomatic Adverse Events in the Induction Phase

Category Adverse event

Protocol-infusion

Edmonton-
1st (n = 4)

Edmonton-
2nd (n = 4)

TCD-AI-
1st (n =

4)

Allergy/immunology Allergic rhinitis 0 1 2

Cardiac-general Hypertension 0 1 0

Cardiac ischemia/infarction 0 0 1a

Constitutional symptoms Fatigue 3 2 3

Insomnia 1 1 2

Weight loss 2 1 2

Rigors/chills 0 1 0

Dermatology Bruisingc 2 3 0

Flushing 1 0 0

Pruritus 0 1 0

Rashd 1 3 0

Acne 0 0 1

Alopecia 1 0 0

Gastrointestinal Anorexia 0 0 1

Mucositis (functional/symptomatic)—stomach 3 1 1

Diarrhea 2 2 0

Nausea 3 3 1

Mouth ulcerb 4 4 0

Vomiting 2 1 3

Lymphatics Edema: limb 0 2 0

Neurology Mood alteration—anxiety 0 0 1

Dizziness 0 0 1

Tremor 0 1 0

Pain Headache 0 0 2

Throat/pharynx/larynx 1 1 0

Extremity-limb 3 3 1

Renal-genitourinary Urinary frequency/urgency 0 1 0

a
High-grade adverse event.

b
p < 0.01 for TCD-AI-1st versus Edmonton-1st and -2nd groups.

c
p = 0.09 between TCD-AI-1st and Edmonton-2nd group.

d
p = 0.07 between TCD-AI-1st and Edmonton-2nd group.
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Table 5

Incidence of Symptomatic Adverse Events in the Maintenance Phase

Category Adverse event

Protocol-infusion

Edmonton-
1st

(n = 3)

Edmonton-
2nd

(n = 3)

TCD-
AI-1st
(n = 4)

Allergy/immunology Allergic rhinitis 0 1 2

Cardiac-general Hypertension 0 0 1

Constitutional symptoms Fatigue 1 2 2

Insomnia 1 0 1

Weight loss 0 0 1

Weight gain 0 1 0

Rigors/chills 0 1 0

Fever 0 2 0

Dermatology Bruising 2 0 0

Pruritus 0 1 0

Rash 1 2 1

Acne 1 1 0

Wound complication, noninfection 1 1 0

Hypopigmentation 1 0 0

Gastrointestinal Anorexia 2 1 1

Mucositis (functional/symptomatic)–stomach 0 2 0

Diarrhea 2 1a 1

Nausea 1 2 0

Mouth ulcerb 3 2 0

Ileus 0 0 1a

Infection Upper respiratory infection 1 0 1

Lymphatics Edema: limbc 3 3 1

Neurology Mood alteration–anxiety, depression 1 0 1

Dizziness 1 0 1

Tremor 0 1 1

Numbness 0 1 1

Pain Headache 0 0 1

Extremity-limb 2 1 3

Sexual reproductive function Irregular menses 0 0 1

a
High-grade adverse event.

b
p = 0.03 for TCD-AI-1st vs. Edmonton-1st groups.

c
p = 0.09 for TCD-AI-1st vs. Edmonton-1st and -2nd groups.
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