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ABSTRACT
Immunologic and non-immunologic loss of islet cells upon their transplantation into the liver
leads to suboptimal outcomes. Anti-inflammatory agents are used during autologous and allo-
geneic transplantation. The aim of this qualitative systematic literature review is to evaluate their
clinical use and safety. Electronic databases Embase, PubMed, Cumulative Index for Nursing and
Allied Health Literature, ClinicalTrials.gov, and EU Clinical Trials Register were searched. Of the 216
unique citations, 10 with tumor necrosis factor (TNF) blockers [etanercept (ETA) or infliximab] and
3 with both TNF blockers and an interluekin-1 receptor antagonist [anakinra (ANA)]) were
included. Of these, 12 were in allogeneic and one in autologous transplant. Insulin independence
with decreased islet cells and number of transfusions were reported with their use. One infection
was reported in a group receiving ETA. Analysis suggested that the use of ETA ± ANA have the
potential to improve outcomes in islet cell transplant.
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Introduction

Islet cell transplantation (ICT) is performed either
in allogeneic (allo) or autologous (auto) settings
for different indications. It prevents brittle diabetes
due to improved glycemic control provided by
secretion of both insulin as well as glucagon and
improves quality of life. Thus, ICT helps to cure
type 1 DM in allo settings and prevent brittle type
3c DM in an auto setting.

The liver has demonstrated to be the site of
choice for islet transplantation in clinical prac-
tice via intra-portal infusion of isolated islet
cells. The crucial events occurring in the first
hours and days after islet infusion could influ-
ence the success of transplantation. During islet
infusion, an instant blood-mediated inflamma-
tory reaction (IBMIR) is elicited when islets are
exposed to blood and involves coagulation and
complement activation.1,2 IBMIR culminates in
the disruption of islet morphology by infiltrat-
ing leukocytes. Polymorphonuclear cells are the
predominant cell type infiltrating the islets,
attracted by the upregulation and release of

ischemia-induced molecules (i.e. tissue factor,
IL-1beta, tumor necrosis factor-alpha, nitric
oxide, high-mobility group box 1) and by
proinflammatory signals (i.e. monocyte che-
moattractant protein, IL-8, IL-6 released from
the islets).3-5 Over and above variation in liver
pathology itself gives rise to proinflammatory
status.6,7

Immunosuppression is needed in an allo setting;
however, in both allo and auto ICT, significant
islet loss happens due to inflammation. Anti-
inflammatory (AI) agents have been used to
reduce the harmful effects of proinflammatory
cytokines (PIC). AI agents may aid in improving
early islet cell function and insulin-independence
(II) post-transplant.

Although previous studies have evaluated var-
ious strategies including tumor necrosis factor
(TNF) blockers and an interleukin-1 receptor
antagonist (IL-1RA) in ICTs, no qualitative sys-
tematic review has focused on these specific
agents. The objective of this systematic literature
review was to evaluate the clinical evidence regard-
ing the use and safety of commonly used TNF
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blockers and IL-1RA in both auto and allo ICT. To
our knowledge, this is the most thoroughly
searched literature database review on the use of
AI agents in clinical ICT.

Results

Literature search results

The searches in PubMed, Embase, and CINAHL
yielded a total of 257 citations and an addi-
tional 9 citations were found through
ClinicalTrials.gov and the EU Clinical Trials
Register. The total of 266 citations were
exported to Endnote Desktop, and 50 duplicates
were removed. This left a total of 216 unique
citations found through our search strategy.
Out of 216 unique citations, 19 articles were
selected by title and abstract screening. In
review of those 19 articles, 13 were identified
with the use of a TNF blocker with and without
IL-1RA (Figure 1).

Study characteristics

TNF blockers studied were etanercept (ETA)
and infliximab (INF), and IL-1RA studied was
anakinra (ANA). These AI agents’ characteris-
tics are highlighted in
Table 1. Two included studies were follow-up
studies of other included studies, thus duplicat-
ing patients and their outcomes, and were
assessed separately in this review. Study char-
acteristics of the study and overview of clinical
outcomes are in Tables 2 and 3.

Efficacy

ETA monotherapy
There were seven studies included assessing ETA
as part of an allo ICT protocol.8-14 The definition
and time points for assessment of II varied
amongst the studies. Assessments of II at time
points ≥1 year and Kaplan-Meier survival ana-
lyses suggest favorable long-term (≥1 year) main-
tenance of II with ETA. Faradji et al reported

216 references imported for screening

216 studies screened

19 full-text studies assessed for eligibility

13 studies included

10 with TNF blocker, 3 with TNF blocker and IL-1RA
12 in allogeneic transplant, 1 in autologous transplant

0 duplicates removed

197 studies irrelevant

6 studies excluded
- 4 wrong study design
- 1 wrong patient population
- 1 full-text not available

Figure 1. PRISMA flow diagram.
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both II and duration of II improved II at
18 months with ETA versus non-ETA (p = 0.04
and 0.025 respectively).10 Gangemi et al reported
all patients achieving II with lower IEQ in the
ETA group (p = 0.028); however, this study
reported less II at 15 months in the ETA group
versus the comparison group.8 Koh et al reported
no statistical difference in II achievement
(p = 1.000) or duration of II (p = 0.247) within
its cohort between those receiving daclizumab
(DAC) versus anti-thymocyte globulin (ATG) +
ETA. II in 10 patients lasted longer after receipt
of a supplemental infusion (SI) with ETA com-
pared to their course after initial transplantation
without ETA (p = 0.009).14 HbA1c was shown to
be significantly lower after islet cell transplant
(average reduced to ≤6 to 6.2%) with ETA
administration.8,10,13,14

Mixed meal tolerance test (MMTT) was
assessed in four of these studies either by
C-peptide response or by mixed meal stimulation
index (MMSI), and two studies assessed duration
and durability of MMTT response between
groups. Faradji et al reported MMSI was increased
throughout the study period after SI with ETA
administration (p < 0.01), whereas significant
increases in MMSI in the control group were

seen after SI only at 3–9 months (p < 0.03).10

Froud et al reported higher peak C-peptide stimu-
lation in the 12 month study period except at
3 months compared to controls (p < 0.05), and
MMSI was similarly higher except at 3 and
12 months (p < 0.01).13 MMTT response was
characterized as diabetic or non-diabetic by
Gangemi et al with the ETA group having 80%
(4/5) vs non-ETA group having 100% (4/4) non-
diabetic response (p = NS).8 Koh et al found no
difference in its MMTT assessment between ETA
and non-ETA administered patients (p > 0.05).14

Oral glucose tolerance test (OGTT) and intra-
venous glucose tolerance test (IVGTT) were each
assessed in a total of three of the studies.8,10-12

Outcomes varied and not all studies had
a comparative group. Two studies evaluated intra-
venous arginine tolerance test.9,11 Rickels et al
evaluated acute insulin response to glucose-
potentiated arginine and found it was greater in
the ETA group than in the control group.9

Gangemi et al found less cumulative IEQ were
needed to achieve II with ETA administration (one
infusion per patient) versus the comparison group
(two to three infusions per patient) (p = 0.028).8

Rickels et al reported less total IEQ/kg required
with ETA administration (p < 0.05) with fewer

Table 1. Anti-inflammatory agent characteristics.33-35

US generic name Etanercept Infliximab Anakinra

US brand name Enbrel® Remicade® Inflectra® IXIFI® Kineret®
Drug class TNF blocker TNF blocker IL-1 receptor antagonist
Properties Dimeric human TNF receptor that

contains the extraceullular ligand-
binding portion of 75 kilodalton
(p75)-Fc fusion protein; the Fc
component does not contain the CH1
domain of IgG1

Chimeric IgG1κ monoclonal
antibody composed of human
constant and murine variable
regions specific for human TNF-α

Recombinant, nonglycosylated form
of human IL-1 receptor antagonist; it
consists of a single methionine
residue at its amino terminus, which
is different from the native human
IL-1 receptor antagonist

Mechanism of action Inhibits binding of both TNF-α and
TNF-β

Inhibits TNF-α, but does not
neutralize TNF-β

Competitively inhibits IL-1 binding
to the IL type 1 receptor

Most commonly used dosing in
islet cell transplant

50 mg IV 1 hour pre-transplant, then
25 mg SQ on POD 3, 7, 10

5 or 10 mg/kg IV 2 hour pre-
transplant

100 mg IV or SQ on POD 0, then
100 mg SQ daily for 7 days

Contraindications Sepsis >5 mg/kg in moderate to severe
heart failure; previous severe
hypersensitivity to inactive
components or to any murine
proteins

Known hypersensitivity to
Escherichia coli-derived proteins or
any components of the product

Adverse reactions, most
common

(>5%) are infections and injection site
reactions

(>10%) are infections, headache,
abdominal pain, and infusion-
related reactions

(≥5%) for adults with RA are
injection-site reactions, worsening
RA, upper respiratory infections,
headache, nausea, diarrhea, sinusitis,
arthralgia, flu-like symptoms, and
abdominal pain

Abbreviations: IgG, immunoglobulin G; IL-1, interleukin-1; POD, post-operative day; RA, rheumatoid arthritis; SQ, subcutaneous; TNF, tumor necrosis
factor; IV, intravenous
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patients requiring two infusions (p < 0.05).9 Thus,
there is some evidence an ETA-based protocol
may be associated with a lower IEQ requirement.
In two studies, no difference was found between
groups with respect to IEQ/kg/infusion or cumu-
lative IEQ/kg.10,13

INF monotherapy
The only prospective, randomized study included in
this review assessed infliximab in addition to the
Edmonton protocol and did not find clinical benefit
with the use of INF (Table 3) nor differences inOGTT
or IVGTT.15 Only one dose of infliximab was given
prior to transplant, and the dose was increased during
the study from 5 mg/kg to 10 mg/kg.15

ETA ± ANA combination therapy
Two studies assessed ETA + ANA combination
therapy compared to ETA with the use of the
Edmonton protocol in allo ICT.16,17 Only one of
these studies assessed II, defining it as secretory
unit of islet transplant objects (SUITO) index >26.
The SUITO index at one month in ETA + ANA
group was greater than in the comparison group
after the first infusion (p < 0.05).16 There was no
difference in SUITO index between the groups
after the second infusion.16

One study evaluated the use of AI agents in auto
ICT.18 The administration of ETA + ANA main-
tained baseline IL-6 level and significantly reduced
the levels of IL-8 and MCP-1 back to baseline
levels. Use of ETA alone resulted in marginally
reduced levels of IL-8 and MCP-1 compared to
control group.18 High-mobility group box 1
(HMGB1) was significantly reduced in the ANA
+ ETA group compared to ETA and the control
group. There was no difference between ETA
alone when compared with the control group.18

The SUITO index was significantly higher in the
ANA + ETA group compared with ETA at
6 months; however, there was no difference in
comparison with the no AI group.18

ETA follow-up studies
There were two follow-up studies including
patients and results from previous studies.19,20

Bellin et al reported group 1 (ATG and ETA,
with or without DAC) compared to group 2Ta
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(historical comparator group from the
Collaborative Islet Transplant Registry (CITR)
receiving a TNF blocker) had showed similar
rates of II at three years (p > 0.05) and at five
years (p > 0.05). However, both cohorts at these
time points exhibited significantly higher rates of
II than other comparator groups from CITR that
did not receive any TNF blocker.19 Bellin et al also
conducted an adjusted analysis to determine the
relative impact of induction immunosuppression
when accounting for potential confounding vari-
ables and found TNF blocker use was significantly
associated with II regardless of other patient,
donor, graft, or immunosuppression variables
(p = 0.03).19

Qi et al found MMTT response was 100% (5/5)
with ETA vs 50% (1/2) in the comparator group at
1 year and 83.3% (4/5) vs 50% (1/2) at 5 years,
respectively.20 No difference was found in this
study between OGTT and IVGTT.20 Bellin et al
2012 reported cumulative IEQ requirements were
lower with ETA compared to the other groups
(p < 0.01) while Qi 2014 found no difference, but
reported fewer transfusions required to achieve II
with ETA use.

Safety

Of the 23 patients who received ETA, only one
patient had a reported serious infection. This patient
was diagnosed with diabetic jaw myonecrosis with
associated muscle and bone infection (Table 3). No
findings regarding safety were reported to be speci-
fically related to the use of an AI agent.

Discussion

AI agents play an important role in preservation of
islet cell function at the time of infusion and post-
transplant. Although significant differences in II
were inconsistently reported with the use of an AI
agent, the reduced need for subsequent transfu-
sions and the overall improved islet cell survival
post-infusion were consistent. Further, the 10th
Annual Report of the CITR reports on the use of
a TNF blocker to be associated with improved and
favorable clinical outcomes, which concurs with
our review.21

TNF blockers neutralize TNF-α, a potent pro-
inflammatory cytokine. They have demonstrated
a reduction in inflammatory markers in mice
models and have demonstrated a continued
impact on autoimmunity.22-25 However, not all
TNF blockers have similar pharmacological prop-
erties. ETA, unlike INF, binds and neutralizes
lymphotoxin-α3 and lymphotoxin-α2β1.

26-28 The
PIC, IL-1β, results in β-cell destruction, and
ANA decreases the effects of PIC with respect to
NO production, necrosis, apoptosis, glucose sti-
mulated insulin secretion, and mitochondrial dys-
function, thus, reducing IBMIR.29-32

Reported infections with the use of AI agents
were minimal; however, it is challenging to
assess overall infection risk contributed by AI
agents when patients are also receiving induction
and maintenance immunosuppression. Although
no reported infections were noted when using
ETA + ANA, the combined use does have
a warning for serious infection risk, including
opportunistic infections and tuberculosis.17,33,34

Due to the shortened duration of its use com-
pared to their FDA indications for other dis-
eases, the risk of infection appears to be
significantly less. It is still important to test for
latent tuberculosis before TNF blocker use and
during therapy, and for treatment, if necessary,
to be initiated prior to its use. Prior history and
risk of invasive fungal infection can assist in
determining if empiric therapy is warranted for
individuals during use of AI agents. Further,
testing for hepatitis B prior to its use, during
therapy, and several months after therapy should
be completed due to risk of reactivation in
patients previously infected with hepatitis B.33-35

This qualitative review encompasses the most
updated and extensive literature search clinically
evaluating the use of AI agents and summarizes
their safety and outcomes beyond II. It is
important to consider though that no statistical
analysis was completed due to the heterogeneity
of the study designs. The non-randomized con-
trol trials were included without a comparative
group and there was an inconsistency through-
out all the studies in definitions of primary
outcomes. The difference in induction agents,
ATG or DAC, along with changes in the main-
tenance immunosuppression regimen have the
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potential to alter the outcomes regardless of the
use of an AI agent and is a confounding vari-
able. The studies included in this review com-
prised those with historical cohorts, which made
it challenging to assess if overall practices in
both groups were similar. The small number of
subjects evaluated, the limited number of cen-
ters publishing on this topic, and some discre-
pancy in reported medication doses were further
limitations. At the same time it argues for the
large multicenter single protocol prospective
study on the subject.

In conclusion, this is the most detailed systema-
tic qualitative analysis performed in literature. It
demonstrated the addition of ETA or ETA + ANA
to the medication regimen during ICT is asso-
ciated with the potential for improved clinical out-
comes compared to those regimens without an AI
agent. A higher infection risk was not seen with
the addition of one or more AI agents.

Methods

Search methodology

Available literature on TNF blockers and IL-1RA in
auto and allo ICT were systematically reviewed and
clinically appraised. A systematic search of Embase,
PubMed, Cumulative Index for Nursing and Allied
Health Literature (CINAHL), ClinicalTrials.gov, and
EU Clinical Trials Register was conducted from date
of database inception to October 8, 2018. Search
strategies for the concepts of ICT, TNF blockers,
and IL-1RA were created using a combination of
subject headings and keywords and were used to
search PubMed, Embase, and CINAHL. In
PubMed and Embase, the Cochrane human filter
was used to exclude animal and cell studies, exclu-
sion Boolean language was used to remove confer-
ence abstracts and proceedings, and an English
language search limit was used. In CINAHL, data-
base-supplied limits for humans, English language,
and the journal article publication type were used.
Keywords for all the search terms were also used to
search ClinicalTrials.gov and EU Clinical Trials
Register. The full list of searched databases and the
search strategies are listed in the supplementary
materials. The systematic literature review com-
pleted a dual reviewer methodology.

Study selection and data extraction

Studies were included if the participants were
≥18 years-old undergoing auto or allo ICT receiving
a TNF blocker and/or an IL-1RA in the medication
regimen and was evaluating patient-centered out-
comes. If there was no comparative group or historical
cohort, the overall AI regimen needed to be reported
as the same for all subjects. Those studies included
with a historical cohort or comparative group required
the two groups to have different AI regimens. Review
articles, case reports, case series, case studies, and
abstracts were excluded. Studies with a focus on
prior pancreas transplant and/or enriched bone mar-
row cells were excluded. Prospective and retrospective
studies with full text available were evaluated.

Risk of bias assessment

Risk of Bias Assessment tool for Non-randomized
Studies (RoBANS) and the Cochrane Bias assess-
ment for randomized studies were used.29 These
assessments of publications are included in the
supplementary materials.
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