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Original Clinical Science—General

Background. When transplanted human pancreatic islets are exposed to blood during intraportal infusion, an innate 
immune response is triggered. This instant blood-mediated inflammatory reaction (IBMIR) activates the coagulation and 
complement cascades and leads to the destruction of 25% of all transplanted islets within minutes, contributing to the need, 
in most patients, for islets from more than 1 donor. Low molecular dextran sulfate (LMW-DS) has been shown in experimen-
tal settings to inhibit IBMIR. Methods. The Clinical Islet Transplantation consortium 01 study was a phase II, multicenter, 
open label, active control, randomized study. Twenty-four subjects were randomized to peritransplant intraportal and sys-
temic treatment with either LMW-DS or heparin, targeting an activated partial thromboplastin time of 150 ± 10 seconds 
and 50 ± 5 seconds, respectively. C-peptide response was measured with a mixed meal tolerance test at 75 and 365 days 
after transplant. Results. Low molecular dextran sulfate was safe and well tolerated with similar observed adverse events 
(mostly attributed to immunosuppression) as in the heparin arm. There was no difference in the primary endpoint (stimulated 
C-peptide 75 ± 5 days after the first transplant) between the 2 arms (1.33 ± 1.10 versus 1.56 ± 1.36 ng/mL, P = 0.66). 
Insulin requirement, metabolic parameters, Clarke and HYPO score, quality of life, and safety were similar between the 2 
treatments groups. Conclusions. Even with low dosing, LMW-DS showed similar efficacy in preventing IBMIR to promote 
islet engraftment when compared to “state-of-the art” treatment with heparin. Furthermore, no substantial differences in the 
efficacy and safety endpoints were detected, providing important information for future studies with more optimal dosing of 
LMW-DS for the prevention of IBMIR in islet transplantation.

(Transplantation 2019;103: 630–637)
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Beta cell replacement with islet transplantation is a 
therapeutic alternative for selected patients with 

unstable type 1 diabetes (T1D), and reports have shown 
improved results over the years.1 Even so, most patients 
require islets from more than 1 donor, and both early and 
late loss of islet function contribute to suboptimal results.2 
In contrast to solid organ transplants, the small-volume 
endocrine graft is infused into the portal vein and subse-
quently widely dispersed throughout the liver. We have 
demonstrated by dynamic positron emission tomography 
that 18F-fluorodeoxyglucose-labeled pancreatic islets can 
be readily visualized after an intraportal infusion. Islets 
were heterogeneously distributed in the liver, and 25% 
of the transplanted islets were lost within the first few 
minutes after transplantation.3 When the islet surface is 
exposed to blood an innate immune response is triggered 
which is an important cause of partial graft loss.4 This 
instant blood-mediated inflammatory reaction (IBMIR) is 
characterized by a rapid binding and activation of plate-
lets to the islet surface and activation of the coagulation 
and complement systems. We detected a peak in throm-
bin-antithrombin (TAT) complex just 15 minutes after 
islet infusion, reflecting a clotting process. In vitro studies 
have demonstrated that this reaction is triggered by tis-
sue factor (TF) and generation of FXIIa-AT and FVIIa-AT 
complexes soon after infusion, peaking after 60 minutes, 
underscoring the involvement of both the contact system 
and the TF-pathways of coagulation later in the thrombo-
inflammatory reaction. The increase in TAT complex levels 
was concomitant with an increase in C-peptide, indicating 
release from damaged islets.5,6

The ability to monitor function, injury or cell death 
after islet transplantation is limited, and the search for 
suitable biomarkers is ongoing.7 It has long been known 
that blood contains small fragments of cell-free DNA that 
originate from dead cells. One method identifies cell-type-
specific DNA methylation to identify damaged beta cells in 
patients recently diagnosed with T1D or after islet trans-
plantation.8 Higher concentrations of soluble donor DNA 
immediately after islet infusion are shown to correlate 
with a higher likelihood of graft failure.2

Low molecular weight dextran sulfate (LMW-DS) inhib-
its activation of the complement cascade and contact acti-
vation of the coagulation system,9,10 and acts directly on 
cell-cell interactions, for example by inhibition of E-selec-
tin-mediated adhesion of neutrophils to endothelial cells.11 
Low molecular weight dextran sulfate has therefore been 

identified as a more powerful inhibitor of IBMIR,4,12 and 
notably even at the same activated partial thromboplastin 
time (APTT), LMW-DS confers a significantly lower risk of 
bleeding compared with heparin.13 Besides its capacity to 
counteract IBMIR, LMW-DS also promotes intrahepatic 
islet engraftment via a hepatocyte growth factor-mediated 
mechanism.13,14 This study, conducted within the Clinical 
Islet Transplantation (CIT) consortium, aimed to evaluate 
the safety and efficacy of LMW-DS to enhance engraft-
ment and prevent IBMIR in the setting of clinical islet 
transplantation.

MATERIALS AND METHODS

Methods
The CIT-01 study was a phase II, multicenter, open 

label, active control, randomized study. Once a compat-
ible islet preparation became available, eligible subjects 
were randomized with a web-based system 1:1 to either 
of 2 peritransplant treatment arms: the experimental arm 
(LMW-DS) or the control arm (“state-of-the art” heparin 
arm). The primary efficacy endpoint was the level of stimu-
lated C-peptide at 90 minutes after a mixed-meal tolerance 
test (MMTT) performed 75 ± 5 days after the first islet 
infusion. Safety and secondary endpoints are specified in 
the study synopsis provided as online Supplemental Digi-
tal Content (SDC, http://links.lww.com/TP/B631). Regular 
safety summaries were prepared for the National Institute 
of Diabetes and Digestive and Kidney data safety moni-
toring board and were used to monitor the overall safety 
profile of the study.

Subjects and Randomization
Three centers participated in the trial: 2 sites in Sweden 

(University Hospital in Uppsala and Karolinska University 
Hospital in Stockholm) and 1 in Norway (Oslo University 
Hospital). Enrolled subjects aged, 18 to 65 years (actual 
age range, 27.5 to 63.8 years), had confirmed T1D of more 
than 5 years duration, absent stimulated C-peptide, were 
involved in intensive diabetes management, had a history 
of at least 1 episode of severe hypoglycemia in the last 
year, experienced reduced awareness of hypoglycemia and/
or marked glycemic lability as evidenced from the Clarke/
HYPO scores (see below). Subjects were enrolled between 
July 2008 and January 2012. The last subject’s last study 
visit was in August 2014, 1 year after the subjects last 
transplant. Thirty-nine subjects were enrolled, and 29 sub-
jects were eligible for randomization. Five subjects became 
ineligible while on the waitlist resulting in a total of 24 
subjects that received at least 1 islet transplant. Ten sub-
jects were randomized to the experimental arm and 14 
to the control arm. Three subjects, all randomized to the 
experimental arm, left the study before day 365 leaving 21 
subjects who remained in the study through the final trans-
plant assessment at day 365 after final transplant.

Once a compatible islet donor preparation was available 
and the reevaluation of eligibility criteria was confirmed, 
subjects were randomized using a web-based electronic 
data entry system. The second planned interim analysis 
included 24 subjects who had reached day 75 after the 
first islet transplant. The analysis showed no safety con-
cerns but indicated that no efficacy difference would be 
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seen with full accrual of the planned 36 subjects. The data 
safety monitoring board therefore recommended ending 
the study early.

LMW-DS and Heparin
Low molecular weight dextran sulfate was provided 

by TikoMed AB (S-263 65 Viken, Sweden) in compliance 
with EU-GMP, and was delivered with an average molecu-
lar mass of 5000 Da in 50-mL glass vials at a concentration 
of 20 mg/mL and stored at +2°C to 8°C. The study drug 
was mixed with saline to obtain the desired concentration. 
Subjects randomized to the experimental arm received 
LMW-DS administered as follows: a bolus of 1.5 mg/kg 
body weight given intravenously (IV), a second dose of 
3.0 mg/kg body weight administered intraportally in the 
same bag with the islets, and a continuous intravenous 
infusion that started immediately after islet infusion and 
was maintained for 5 hours, adjusted to target a concen-
tration of 30 μg/mL LMW-DS in peripheral blood (corre-
sponding to APTT of 150 ± 10 seconds).

A standard heparin regimen was given to subjects ran-
domized to the control treatment arm. No bolus of hepa-
rin was given intravenously before islet infusion, but 70 
U/kg body weight was administered intraportally in the 
same bag with the islets, and immediately after completion 
of the islet infusion a continuous intraportal infusion of 
heparin targeting an APTT of 50 ± 5 seconds was admin-
istered for 5 hours.

Islet Isolation
The organs used for production of the islet transplants 

were allocated through Scandiatransplant to the Nordic 
Network for Clinical Islet transplantation. Pancreases 
were obtained from brain-dead donors with the same 
acceptance criteria as for kidney transplantation, with 
donors aged 25 to 69 years. The organs were transported 
to the Rudbeck laboratory in Uppsala Sweden for process-
ing. Islet isolation and culture procedures have previously 
been described in detail and all procedures are available 
at http://nordicislets.medscinet.com.15,16 Once a pancreas 
became available and successfully isolated, the islets were 
selected to go to the next suitable person on the Nordic 
Network waiting list, whether that person was enrolled in 
this study or not.

Islet Transplantation
Isolated islets (> 5000 IEQ/kg body weight) were trans-

ported in transfusion bags and transplanted by gravity 
infusion through a percutaneous transhepatic cannula in 
the portal vein over a time period of about 30 minutes.17 
As for all CIT studies, a second islet transplant was not 
allowed before 75 days after the first transplant and a third 
islet transplant was not allowed before 28 days after the 
second islet transplant.18 The subsequent transplants were 
required to take place within 8 months of the first islet 
transplant and contain >4000 IEQ/kg body weight. Seven 
of 10 in the LMW-DS arm and 7 of 14 in the heparin arm 
received a second islet infusion. One patient in the LMW-
DS arm and 1 patient in the heparin arm received a third 
islet infusion.

Induction therapy for the initial transplant consisted of 
rabbit antithymocyte globulin (ATG) except for the first 

patient enrolled in the study who received the monoclonal 
antibody IL-2 receptor blocker basiliximab, 20 mg intra-
venously on the day of transplant and repeated on day 4 
posttransplant. Antithymocyte globulin was given intrave-
nously over 5 days starting 2 days before the transplant, 
with a total dose of 6 mg/kg. Premedication included meth-
ylprednisolone 1 mg/kg IV 1 hour before the first ATG, as 
well as paracetamol 1000 mg and clemastine 1 mg orally 
half hour before every ATG infusion. At the second and 
third transplants basiliximab was used for induction at the 
dose referred to above. Maintenance immunosuppression 
was continued throughout the study with mycophenolate 
mofetil (MMF) (500–1000 mg orally bid) or sirolimus 
(trough level 10–15 ng/mL the first 90 days and 7–10 ng/mL  
thereafter), together with a calcineurin inhibitor. The pre-
ferred regimen was MMF and tacrolimus and the protocol 
allowed adaption of the immunosuppressive treatment in 
response to adverse events (AE) or tolerability. Because of 
the problems with islet graft rejections and similar experi-
ences at other CIT centers tacrolimus trough levels in com-
bination with MMF were increased after July 2010. The 
early tacrolimus regimen until July 2010 was 3 to 8 ng/mol 
for the first transplant days 1 to 365, and for second or 
third transplant 6 to 10 ng/mol the first 90 days and there-
after 3 to 8 ng/mol. After July 2010, tacrolimus trough lev-
els were 10 to 12 ng/mL the first 90 days, 8 to 10 ng/mL 
on month 3 through month 6 and 6 to 8 ng/mL thereafter. 
Throughout the study cyclosporine trough levels were 200 
to 250 ng/mL the first 90 days, 150 to 200 ng/mL month 3 
through month 6 and 100 to 150 ng/mL thereafter.

All subjects received 2 mg IV of clemastine (Tavegyl) 
within 1 hour before transplant. Concomitant medication 
included enoxaparin sodium 30 mg subcutanously (SC) 
BID through day 7 with the first dose given 2 hours after 
the removal of the intraportal catheter, acetylsalicylic acid 
75 mg orally starting 24 hours posttransplant and con-
tinued throughout the study and etanercept at a dose of 
50 mg IV 1 hour before transplant and 25 mg SC on day 3, 
day 7, and day 10. Infection prophylaxis included cefuro-
xime 1.5 mg IV immediately before each transplant; either 
trimethoprim-sulfamethoxazole 80/400 mg orally once 
daily for a period of 6 months or pentamidine inhaled at 
a dose of 300 mg every 4 weeks for 6 months for Pneu-
mocystis jiroveci prophylaxis; valganciclovir 900 mg 
orally for 3 months, adjusted dose for renal function, for 
cytomegalovirus prophylaxis; and nystatin 1 mL orally  
4 times daily during the first posttransplant month, for 
fungal prophylaxis. All subjects received intravenous insu-
lin infusion at least 2 hours before initiation of islet trans-
plantation and treatment continued for the first 2 days 
to maintain plasma glucose levels in the target range 4 to 
8 mmol/L. Additional exogenous insulin was given sub-
cutaneously for 4 to 8 weeks to achieve partial beta cell 
rest and facilitate islet engraftment and aiming at the same 
glucose levels.

Mixed Meal Tolerance Test
Subjects were instructed not to eat or inject short-act-

ing insulin after 8 PM the night before the test. Evening 
or bedtime administration of long-acting insulin was per-
mitted as well as consumption of water. Insulin glargine 
was, however, avoided within 24 hours of the test. If the 
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blood glucose was less than 70 mg/dL or greater than 
136 mg/dL upon arrival at the testing center, the test was 
rescheduled. Immediately after obtaining a basal blood 
sample, the subjects received 6 mL/kg (to a maximum 
of 360 mL) of Boost® High Protein Drink, to consume 
in 5 minutes. Basal (fasting) and stimulated glucose and 
C-peptide levels were determined before (ie, 0 minute) 
and at 15, 30, 60, 90, and 120 minutes after this carbohy-
drate intake. Each blood sample was drawn per Univer-
sity of Washington standard protocol and shipped frozen 
to the University of Washington for measurement by the 
CIT core laboratory.

Metabolic Parameters
Methods for the metabolic parameters, which included 

mean amplitude of glycemic excursions (MAGE), lability 
index (LI), β-score, Clarke survey, HYPO score and insu-
lin-modified frequently sampled intravenous glucose toler-
ance test (FSIGT) have been previously described.18

Measurement of TAT Complexes, C3a and C-peptide
Thrombin-antithrombin complexes were assessed using 

a commercially available kit containing monoclonal anti-
bodies specific for thrombin and antithrombin (HRP-con-
jugated; Enzyme Research Laboratories, South Bend, IN). 
The assay was performed according to the manufacturer’s 
recommendation. C3a was analyzed using a previously-
described ELISA19 and C-peptide was assessed using an 
EIA kit from Mercodia (Uppsala, Sweden).

Quality of Life
Quality of life (QOL) was assessed with a Swedish or 

Norwegian translated version of the Short form 36 health 
survey (SF36). Validity was confirmed with back-transla-
tion forms. This questionnaire has been widely used for 
assessment of health-related QOL.20

Statistical Analysis
The primary analysis was based on an independent sam-

ples 2-sided t test. A difference was declared statistically 
significant if P ≤ 0.05. The estimated effect size and a 95 
% confidence interval are reported. With compelling evi-
dence that the normal distribution was absent, a logarith-
mic or square root transformation was done before using 
the t test. For secondary endpoints dichotomous variables 
were analyzed using logistic regression, continuous vari-
ables were analyzed by a t test and regression models for 

longitudinal data were used to examine the differences 
between groups. With the original selected sample size of 
18 subjects in each of the 2 arms the study would have 
90% power to detect a difference in the primary endpoint 
of 1.0 nmol/L between the mean for the LMW-DS treat-
ment group and the mean for the control group.

Ethics
The final study protocol, including any substantial 

amendments and the final version of the informed consent 
documents, were reviewed and approved by an Independ-
ent Ethics Committee (IEC), The Norwegian Medicines 
Agency and the Swedish Medical Products Agency. The 
study was conducted in compliance with the protocol, reg-
ulatory requirements, good clinical practice and the ethi-
cal principles of the latest revision of the Declaration of 
Helsinki as adopted by the World Medical Association. All 
subjects received written and verbal information regarding 
the study.

RESULTS
Recipient characteristics at baseline are shown in 

Table 1. The differences in age, body mass index, duration 
of diabetes, insulin requirement, glycosylated hemoglobin 
(HbA1c) and Clarke score between the 2 groups were not 
significant.

Efficacy
There was no significant difference between the 2 arms 

in the primary endpoint results, ie, the level of stimu-
lated C-peptide at 90 minutes derived from a MMTT  
(see Figure 1 and Table 2). The proportion of subjects with 
a functioning islet graft, ie, C-peptide >0.3 ng/mL, at day 
75 after the first transplant were 80.0% in the experimen-
tal arm and 85.7% in the control arm. At day 365 after the 
first and final transplantation, the proportion of subjects 
with a functioning islet graft was 60.0% and 71.4% in the 
experimental arm and 50% and 71.4% in the control arm, 
respectively.

The TAT complexes and C-peptide values during insu-
lin infusion with plasma glucose aimed in the range 4 to 
8 mmol/L increased immediately after islet transplanta-
tion in both treatment arms. Extreme values greater than 
250 mg/mL were regarded as sampling errors (in total 8 
samples). After 24 hours, however, levels of both factors 
were similar and even lower than the pretransplant levels 
(see Figure 2).

TABLE 1.

Baseline demographic and metabolic data described as mean values and standard deviation (SD) were applicable

 LMW-DS Heparin P

n 10 14  
Sex: male/female 4/6 6/8 1.000
Age mean and range 47.4 (27.5–59.7) 51.8 (36.7–63.8) 0.27
Weight mean and range 74.2 (56–93) 66.5 (51–86) 0.15
BMI: mean (range), kg/m2 24.9 (20.1–28.7) 22.8 (18.6–29.1) 0.11
Duration of diabetes: mean (range), y 33.0 (18–49) 33.6 (16–46) 0.86
Insulin requirement U (SD) 42.2 (20.9) 36.3 (12.3) 0.88
Clarke score (SD) 5.3 (1.5) 6.1 (1.1) 0.13

BMI, body mass index; LMW-DS, low molecular dextran sulfate.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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The daily insulin requirements decreased markedly in 
both the LMW-DS and heparin arm at day 75 after the first 
transplantation (by 30.7% ± 14.9% and 27.8% ± 30.2%, 
respectively) and at day 365 after the first (47.7% ± 39.0% 
and 53.3% ± 31.3%, respectively) and final transplanta-
tion (52.5% ± 39.6% and 45.3% ± 41.1%, respectively). 
Insulin requirement in U/kg body weight are shown in 
Table 3. No significant difference in the HbA1c levels was 
detected between the 2 arms at any time point. The pro-
portion of subjects meeting the day 365 endpoint (HbA1c 
< 7.0% and absence of severe hypoglycemic events from 
day 28 to day 365) was 20% in the experimental arm 
and 57% in the control arm. No significant difference in 
hypoglycemia (Clark score and HYPO score) was detected 
between the treatment arms at baseline or at day 365 after 
the first transplant. At day 365 after the final transplant, 
however, the Clarke score was significantly higher (worse) 
for subjects included in the experimental arm compared 
to the control arm, whereas no significant difference was 
reported for the HYPO score. There were no significant 
differences in β-score or glycemic lability (MAGE or LI) 
detected between the 2 arms at any time point.

Compared with baseline, the SF36 mental compo-
nent score was significantly increased (better) in subjects 
included in the experimental arm 1 year after both the 
first (see Table 3) and final transplantation compared with 

baseline, whereas no significant difference was detected for 
subjects included in the control arm. No significant treat-
ment related difference was detected for the SF36 physical 
component score.

Safety
Intraportal islet transplantation did not alter the por-

tal pressure in either treatment arm during or after the 
first, second or third transplant. The most frequent AE 
from randomization to day 75 after the initial transplant 
were urinary tract infections and transient hepatic enzyme 
increase in subjects receiving LMW-DS, whereas headache 
and transient hepatic enzyme increase were most frequent 
in subjects receiving heparin. From randomization to day 
365 after the final transplant, a total of 113 AEs were 
reported in subjects in the experimental arm (LMW-DS) 
and 137 AEs in the heparin arm. In the later period, sto-
matitis and hemoglobin decrease were the most frequently 
occurring AEs in subjects receiving LMW-DS, whereas neu-
tropenia and headache were the most frequently reported 
AEs in subjects receiving heparin. The majority of the AE 
were attributed to immunosuppressive medications. Two 
patients in the experimental arm with pretransplantation 
normal retinal photography developed retinopathy at day 
365 after the initial transplant.

FIGURE 1.  The distribution of stimulated C-peptide (ng/mL) at 90-minutes derived from a mixed-meal tolerance test (MMTT) at 75±5 
days after the first transplantation. Heparin in the left box and low molecular dextran sulfate (LMW-DS) in the right box with range, 
median, mean and quartiles with no significant difference (P=0.66).

TABLE 2.

Level of stimulated C-peptide (ng/mL) at 90 minutes derived from a MMTT at 75 ± 5 days in the intention to treat 
population

 n Nmissing Mean SD Standard error Min Max 95% CI mean P

Heparin 14 2 1.56 1.36 0.36 0.05a 4.51 (0.78–2.35) 0.66
LMW-D 10 1 1.33 1.10 0.35 0.05a 2.79 (0.55–2.12)
a The lowest observed value, regardless of treatment arm was 0.05 (ng/mL). This value was imputed for all 3 subjects that had missing primary endpoint values.
CI, confidence interval; MMTT, mixed-meal tolerance test.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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There were 31 serious AEs (SAEs) during the study 
(12 prerandomization and 19 after randomization). 
Only 1 was attributed to the study intervention (unin-
tended puncture of a branch of the hepatic artery). The 
majority of the SAEs were attributed to the concomitant 
immunosuppression and granulocytopenia was the most 
commonly reported SAE. There were no reported deaths. 
All SAEs resolved within 35 weeks and were without 
sequelae.

Three subjects, all in the heparin arm, whose pretransplant 
panel-reactive antibodies (PRA) was zero, developed post-
transplant sensitivity from baseline to final visit with peak 
PRA values of 2, 10 and 34 % PRA, respectively. In 5 of 8 
subjects with a positive pretransplant PRA (1–73%), at least 
1 occasion with lower peak PRA during the study period was 
detected. Safety and secondary endpoints are specified more 
in detail in the study synopsis provided as online Supplemen-
tal Digital Content (SDC, http://links.lww.com/TP/B631).

FIGURE 2.  The thrombin-antithrombin (TAT) complexes (upper panel) and C-peptide (lower panel) increased immediately after islet transplantation 
in both treatment arms after the first and second transplantations. After 24 hours, however, levels of both factors were similar or even lower than 
pretransplant levels. Low molecular dextran sulfate (LMW-DS) with solid line and squares and heparin with dashed line and circles.
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DISCUSSION
Peritransplant treatment with LMW-DS versus hepa-

rin showed no difference in the primary endpoint, that is, 
mean levels of stimulated C-peptide at 90-minutes derived 
from the MMTT at 75 + 5 days after the first islet infusion. 
Furthermore, secondary efficacy and safety endpoints were 
similar and there were no substantial differences in the effi-
cacy and safety endpoints between groups.

It should be noted that the main objective of all CIT 
studies is protection from hypoglycemic events and mainte-
nance of near-normal HbA1c levels, and not independence 
from requirement of exogenous insulin. In this respect, the 
outcome of both treatment arms is comparable to that of 
the previously reported Protocol CIT-07.18

This is the first study involving LMW-DS in clinical 
islet transplantation. Although no clinically relevant safety 
issues were reported in the prior studies in healthy vol-
unteers, the dosing of LMW-DS in CIT-01 was carefully 
adjusted during a period of 5 hours to avoid risks of bleed-
ing from the portal vein.12 It should be noted that the risk 
for bleeding after administration of LMW-DS cannot be 
directly determined by APTT due to the different mecha-
nism of action when compared with heparin. The primary 
aim of the present study was to obtain additional safety 
results enabling dose adjustments of LMW-DS in future 
studies. Notably, even with suboptimal dosing, LMW-DS 
showed no inferiority in efficacy when compared with hep-
arin administration.

Several mechanisms are involved in the IBMIR. When 
the islets, which are normally not exposed to blood, face 
the recipient’s blood-borne innate immune system comple-
ment and coagulation activation occur.21,22 A key factor in 
coagulation and islet destruction is the expression of TF on 
the endocrine cells of pancreas. Blocking the active site of 
TF with antibodies or FVIIa has been shown to abrogate 
the clotting reaction in vitro.5 LMW-DS has previously 
been shown to be a potent inhibitor of both the comple-
ment and the coagulation systems without activation of 
the fibrinolytic system.12,23

There have been several previous attempts to reduce 
the impact of IBMIR. Peritransplant intensive heparin and 
insulin infusions improved single-donor success.24 Coat-
ing islets with conjugated, preformed heparin complexes 
showed protection against IBMIR in a porcine model.25 In 
a xenotransplantation model with pig islets transplanted 
to monkeys, a cobra venom-derived complement inhibi-
tor and the anticoagulant dextran sulfate together (but not 
individually) reduced the early loss of islets.26

Based on data from in vitro and in vivo experimental 
studies, it was anticipated that if IBMIR could be pre-
vented, subjects undergoing clinical islet transplantation 
would have a clinically relevant response to the transplant 
with significantly fewer islets than needed in current prac-
tice. The dose of LMW-DS tested in this study was deter-
mined based on available safety results from a phase I study 
in healthy volunteers.13 Based on the outcome and safety 

TABLE 3.

Insulin requirement, HbA1c, β-score, MAGE, and LI and QOL SF-36 at baseline, 75 ± 5 days, 365 ± 5 days after initial 
transplant, and 365 ± 5 days after final transplant expressed as mean values and SD

 LMW-DS (n = 10) Heparin (n = 14) P

Insulin baseline, U/kg 0.55 (0.20) 0.54 (0.13) 0.39
Insulin day 75, U/kg 0.36 (0.13) 0.34 (0.25) 0.60
Insulin day 365 initial, U/kg 0.27 (0.24) 0.29 (0.22) 0.53
Insulin day 365 final, U/kg 0.26 (0.23) 0.32 (0.24) 0.74
HbA1c baseline, % 7.6 (0.8) 7.5 (1.8) 0.84
HbA1c day 75% 5.5 (0.4) 5.6 (0.8) 0.68
HbA1c day 365 initial, % 5.9 (0.7) 6.1 (1.2) 0.62
HbA1c day 365 final, % 6.1 (0.7) 6.3 (1.3) 0.70
β -score from FSIGT baseline 0.5 (0.7) 0.7 (0.9) 0.54
β -score from FSIGT day 75 4.7 (1.6) 4.4 (1.7) 0.62
β -score from FSIGT day 365 initial 4.3 (2.1) 4.7 (2.1) 0.64
β -score from FSIGT day 365 final 3.9 (2.2) 4.0 (2.0) 0.88
MAGE baseline, mmol/L 9.7 (4.6) 8.2 (3.2) 0.38
MAGE day 75, mmol/L 4.6 (1.6) 4.8 (3.0) 0.85
MAGE day 365 initial, mmol/L 4.3 (2.8) 5.0 (3.1) 0.58
MAGE day 365 final, mmol/L 4.2 (2.3) 4.6 (3.0) 0.80
LI baseline 351.0 (116.4) 383.2 (207.4) 0.69
LI day 75 176.9 (122.5) 240.3 (186.0) 0.36
LI day 365 initial 96.4 (114.4) 155.0 (108.6) 0.44
LI day 365 final 77.1 (85.6) 141.4 (97.5) 0.27
Clarke score baseline 5.3 (1.5) 6.1 (1.1) 0.13
Clarke score day 75 4.4 (2.0) 3.5 (2.1) 0.33
Clarke score day 365 initial 2.9 (2.8) 2.7 (2.1) 0.87
Clarke score day 365 final 4.3 (2.3) 1.8 (2.0) 0.03
Mental component SF36 difference from baseline at day 365 12.3 (13.7) P = 0.04 4.6 (8.7) P = 0.11  
Physical component SF36 difference from baseline at day 365 6.4 (9.4) P = 0.08 2.4 (10.8) P = 0.54  

LMW-DS, low molecular dextran sulfate; SD, standard deviation.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



© 2018 Wolters Kluwer	 von Zur-Mühlen et al	 637

results obtained in this study and in additional recently 
conducted studies in healthy volunteers, a follow-up study 
applying a dose of 18 mg LMW-DS given as a bolus dose 
just before islet infusion is planned. Also, to promote 
engraftment via mobilization of stem cells and hepatocyte 
growth factor mediated mechanisms, additional doses of 
3 mg LMW-DS on days 3 and 6 will be administered.

In conclusion, even with low dosing, LMW-DS showed 
similar efficacy in preventing IBMIR to promote islet engraft-
ment when compared to “state-of-the art” treatment with 
heparin. Furthermore, no substantial differences in the effi-
cacy and safety endpoints were found, providing important 
information for future studies with more optimal dosing of 
LMW-DS for the prevention of IBMIR in islet transplantation.
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