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Abstract

Due to the optimal results obtained in kidney transplantation and to the lack of
interest of the industries, new innovative drugs in kidney transplantation are
difficult to be encountered. The best strategy to find the new drugs recently
developed or under development is to search in the sections of kidney trans-
plantation still not completely covered by the drugs on the market. These unmet
needs are the prevention of delayed graft function (DGF), the protection of the
graft over the long time and the desensitization of preformed anti human
leukocyte antigen antibodies and the treatment of the acute antibody-mediated
rejection. These needs are particularly relevant due to the expansion of some kind
of kidney transplantation as transplantation from non-heart beating donor and in
the case of antibody-incompatible grafts. The first are particularly exposed to
DGEF, the latter need a safe desensitization and a safe treatments of the antibody
mediated rejections that often occur. Particular caution is needed in treating these
drugs. First, they are described in very recent studies and the follow-up of their
effect is of course rather short. Second, some of these drugs are still in an early
phase of study, even if in well-conducted randomized controlled trials. Particular
caution and a careful check need to be used in trials launched 2 or 3 years ago.
Indeed, is always necessary to verify whether the study is still going on or
whether and why the study itself was abandoned.

Key Words: New drugs; Unmet needs in kidney transplantation; Delayed graft function;
Long-term outcomes; Kidney inflammation; Anti-human leukocyte antigen antibodies
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Core Tip: Finding new innovative drugs for kidney transplantation is not easy but looking for unmet needs
it is possible to find new interesting drugs and opportunities to use in kidney transplantation. Many of
these drugs are just at the beginning of their process toward the approval and should be careful checked
until the finish of their path. Principal unmet needs are treatment and prevention of delayed graft function,
improve the long-term outcomes, desensitization and treatment of acute antibody-mediated rejection.
Finding new drugs in these fields results extremely important to face new kind of transplantation as
transplant from non-heart beating donor and transplant in ABO incompatibles pairs.

Citation: Salvadori M, Tsalouchos A. Innovative immunosuppression in kidney transplantation: A challenge for
unmet needs. World J Transplant 2022; 12(3): 27-41

URL: https://www.wjgnet.com/2220-3230/full/v12/i3/27 .htm

DOI: https://dx.doi.org/10.5500/wjt.v12.i3.27

INTRODUCTION

Little progress has been made over the past decade in the development of new therapeutic measures in
clinical kidney transplantation, chiefly because of a lack of interest by industries and providers and
because most centers have reached optimal outcomes with the drugs used today[1]. However, a strategy
may be adopted to identify new immunosuppressant drugs in kidney transplantation.

New immunosuppressant drugs may be found looking for identified unmet therapeutic needs.

These new drugs may also be adopted as new immunosuppressive treatments or new strategies for
special kidney transplantation scenarios such as ABO incompatibility, non-heart-beating donor (NHBD)
transplantation and transplantation from high-risk donors.

Drugs for unmet therapeutic needs

These drugs may be categorized as follows: (1) Therapy for ischemia-reperfusion injury (IRI) that results
in delayed graft function (DGF); (2) Therapy to preserve optimal kidney function over the long-term;
and (3) Therapy for desensitization and antibody-mediated rejection (ABMR).

THERAPY FOR DGF

DGEF refers to acute kidney injury (AKI) occurring in the first week of transplantation that cannot not be
ascribed to acute rejection[2].

DGF is associated with increased immune activation, complement activation and release of damage-
associated molecular patterns, such as hypomethylated DNA, hyaluronic acid, heparin sulfate,
fibrinogen and heat shock proteins. Consequently, nuclear factor kB is activated and induces inflam-
matory cytokines such as interleukin (IL)-1, IL-6, tumoral necrosis factor alpha and interferon beta[3].

Due to this complex mechanism, although several drugs to treat DGF have been tried, many of them
failed to prove their effectiveness. Indeed, DGF has also been called the graveyard of drugs for
transplantation.

However, new drugs have recently emerged and they are still in randomized controlled trials (RCTs)
to control DGF.

Anti-apoptotic strategies
Apoptosis plays an important role in shaping DGF. Indeed, the pro-apoptotic gene p53 is activated by
hypoxia and induces cell cycle arrest and apoptosis[4].

QPI-1002 also known as 15 NP, is a short interfering RNA that inhibits the expression of p53. The
results of a phase I/1I clinical trial in kidney transplant recipients demonstrated beneficial effects on
IRI/DGF in humans|[5]. Additionally, two studies reported good results in mice[6,7]. However, the RCT
was terminated in 2018 without positive results because of a lack of documented efficacy.

Pegylated carboxyhemoglobin
Carbon monoxide (CO) is involved in regulating endothelial cell survival and proliferation. It also plays
roles in protecting against DGF through IRI, vessel relaxation and inhibition of proinflammatory
responses[8-10]. The infusion of pegylated carboxyhemoglobin delivers CO to organs. CO is a very
powerful anti-apoptotic substance and has anti-inflammatory effects. In animal studies, CO is extremely
effective in both cold and warm ischemia.

The use of pegylated carboxyhemoglobin is currently the object of a phase 2/3 study to analyze the
efficacy and safety of SANGUINATE for reducing the DGF rate in patients receiving a kidney transplant
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[11,12]. In a recent study by Thuillier et al[13], 3 oxygen transporters, HBOC-201, BbV and M101, were
tested in organ preservation[13-15].

Relaxin

In DGF, relaxin (RLX) has an anti-inflammatory effect by reducing the expression of intracellular
adhesion molecule 1, inducing the expression of Notch 1 in macrophages and reducing neutrophil
adhesion through increased synthesis of nitric oxide[16-18]. Additionally, RLX causes vasodilatation
through increased NO production and inhibition of endothelin 1 production[19]. Two studies[18,20]
documented improved renal function, histologic improvement in damaged tissue after DGF, and a
reduced number of apoptotic cells.

Hepatocyte growth factor

ANG-3777, formerly BB3, is a hepatocyte growth factor mimetic that binds to its transmembrane
tyrosine kinase receptor, cMET[21]. In preclinical studies, ANG-3777 was renoprotective in a variety of
animal models of AKI, exerting anti-inflammatory and regenerative effects and preventing tubular cell
apoptosis, epithelial to mesenchymal transition and fibrosis[22,23]. In a randomized, placebo-controlled
phase 2 trial on oliguric patients after kidney transplantation, patients treated with ANG-3777 had a
larger increase in urine output, a greater reduction in C reactive protein and neutrophil gelatinase-
associated lipocalin and a higher estimated glomerular filtration rate (eGFR)[24]. More recently,
Vincenti et al[25] started the Graft Improvement Following Transplant (GIFT) trial, which is a phase 3
trial on the hepatocyte growth factor mimetic ANG-3777 in kidney transplant recipients with DGF. The
aim of GIFT is to generate data to advance the treatment of DGF. In addition, the authors stress that a
significant factor is that ANG-3777 may also be effective when administered after AKI-related DGF.

Complement inhibition

Complement activation plays a significant role in IRI, which causes and precedes DGF. The most
studied among the complement inhibitor drugs to minimize DGF has been Mirocept (APT 070), which
inhibits C3/C5 convertases and C1 esterase inhibitors.

Mirocept, still in a phase 1 trial (ISRCTN49958194)[26¢], is a potent membrane-localizing complement
inhibitor and may be administered ex vivo to the donor kidney prior to transplantation. However, a
recent dose finding study in animals[27] documented that a high dose of Mirocept might be needed to
achieve adequate complement inhibition. More promising results have been obtained with C1 esterase
inhibition.

This drug may also be administered as a donor pretreatment strategy in high-risk recipients
(NCT02435732)[28], but the trial results are still unknown. Better results have been obtained by adminis-
tering C1 esterase inhibitors to recipients of kidneys from high-risk donors or in the case of donation
after circulatory death (DCD)[29-31]. A recent study from Huang et al[32] studied the three-year
outcomes of patients treated with C1 esterase inhibitors to avoid DGF in a randomized controlled study.
The study found that the treatment was associated with a lower incidence of graft failure.

Table 1 summarizes representative drugs in the categories described above used to prevent DGF and
their targets.

Improving perfusion techniques
Improving perfusion techniques is not drugs in the sense of the word but rather a different strategy to
prevent IRI and DGF by improving kidney perfusion at the time of kidney transplantation.

In a recently published study, Urbanellis et al[33] documented that continuous normothermic ex vivo
kidney perfusion significantly improved early kidney function compared with hypothermic anoxic
machine perfusion and static cold storage (SCS) in a porcine kidney auto-transplantation model.

A more interesting study was performed by Niemann et al[34]. The authors documented that
reducing the body temperature by 2 °C of the deceased donor achieved a significant reduction in DGF
rates and that the effect was more significant in the extended criteria donors.

Finally, in a recent review[35], it was documented that active oxygenation during hypothermic
machine perfusion is the most beneficial in cases involving the use of DCD kidneys when applied
starting from kidney procurement until transplantation. Active oxygenation improves preservation and
subsequent early graft function.

THERAPY TO PRESERVE RENAL FUNCTION

These drugs may be divided into the following categories: (1) Therapy to avoid nephrotoxicity, usually
by elimination of calcineurin inhibitors (CNIs); (2) Therapy to control inflammation and fibrosis
(principally when inflammation overlaps fibrosis); and (3) Therapy to prevent donor-specific antibodies
(DSAs) and treat chronic ABMR (cABMR).
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Table 1 Therapies targeting delayed graft function in kidney transplantation

Drug Molecular target Mechanism of action

15NP or QPI-1002 P53 Inhibition of apoptosis

Pegylated carboxyhemo- Cytochrome C oxidase; cytochrome P450; HMGB-1; P38 Inhibition of oxidative injury, inflammation, and apoptosis

globin MAPK pathway

Relaxin ICAM-1; neutrophil adhesion Vasodilatation; inhibition of apoptosis

ANG-3777 (BB3) Tyrosine kinase receptor cMET Antinflammation; inhibition of epithelial to mesenchymal
transition

Mirocept (APT 070) Inhibition of C3/C5 convertase Inhibition of complement activation

C1 esterase inhibitor C1 esterase Inhibition of complement activation

HMGB-1: High mobility group protein box-1; MAPK: Mitogen-activated protein kinases; ICAM 1: Intercellular adhesion molecule 1.

Belatacept

Belatacept

Belatacept

Belatacept

DOI: 10.5500/wjt.v12.i3.27 Copyright © The Author(s) 2022.

Figure 1 Block of co-stimulation with Belatacept. APC: Antigen presenting cell; T eff: T effector; T reg: Regulatory T cells; PDL1: Programmed cell death
receptor ligand 1; CTLA4: Cytotoxic T-lymphocyte-associated antigen 4.

Therapy to avoid nephrotoxicity induced by CNis

Until recently and even today, the two main strategies for a CNI-free regimen have been as follows:
Mammalian target of rapamycin inhibitor-based immunosuppression; belatacept based immunosup-
pression.

Several studies have documented the efficacy of everolimus therapy in conjunction with low-dose
CNIs[36-39]. The study by Pascual et al[36] “the Advancing renal TRANSplant eFficacy and safety
Outcomes with eveRoliMus based regimen (TRANSFORM)” was a randomized open label, two-arm
study with 2037 de novo kidney transplant recipients recruited in 186 centers worldwide. Everolimus
efficacy was demonstrated, but the administration of low-dose tacrolimus (TAC) was needed.

The complete withdrawal of CNIs is difficult to achieve and is only appropriate for low-risk patients
and donors and for living donors, and in the absence of DSAs[40].

The use of belatacept or other agents blocking the costimulatory pathways is the other method to
avoid CNIs.
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blocker
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Figure 2 Block of co-stimulation with anti CD28. APC: Antigen presenting cell; T eff: T effector; T reg: Regulatory T cells; PDL1: Programmed cell death
receptor ligand 1; CTLA4: Cytotoxic T-lymphocyte-associated antigen 4.
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The blockade of CD28/cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) on T effector
lymphocytes and CD80/CD86 on antigen presenting cells (APCs) was the first pathway to be targeted
in the trials BENEFIT and BENEFIT-EXT[41,42] . Independent of well-preserved kidney function, the
use of belatacept in a subset of patients was associated with an increased number of severe rejections[43,
44] and an increased number of opportunistic infections[45] , including cytomegalovirus[46]. In addition
a correlation between the incidence of post-lymphoproliferative disease and Epstein-Barr virus
seronegative patients in the belatacept group was found[47].

These drawbacks are related to the fact that belatacept, which binds to CD80 and CD86 on APCs,
blocks not only the T effectors that represent the positive signal but also the regulatory T (Tregs) that
constitute the inhibitory signal (Figure 1).

In 2015, a report showed that the blockade of CD28 on effector T cells without inhibition of Treg cells
prolonged survival in a nonhuman primate kidney transplant model. In this way, effector cells can be
inhibited without inhibiting Tregs because selective CD28 blockade allows inhibitory signals via CTLA-4
and programmed cell death ligand-1 to remain intact while blocking T cell activation by CD28[48]

Figure 2).

( gelecti)ve targeting of the CD28 antigen on T cells might be a more effective immunosuppressive
therapy than belatacept, since this blockade leaves the inhibitory signal of CTLA-4 intact and may
preserve Treg functions[49-51].

Currently, two monovalent antibodies, FR104 and lulizumab-pegol are under development for
clinical application. These antibodies have antagonistic activity against CD28 alone[52,53]. To date, an
RCT has been conducted at the University of California to modulate Tregs with combinatorial treatment
with CD28 and IL-6 receptor antagonists[54] (Figure 3). The addition of an IL-6 receptor antagonist
(tocilizumab) aims to further stimulate Treg cells and exert an anti-inflammatory effect. In the CTOT24
trial, after induction with thymoglobulin, steroids are administered from the beginning, lulizumab is
started at the beginning and then continued weekly through day 77, belatacept is started on day 84 and
administered every 4 wk, tocilizumab is started at the beginning and continued every 2 wk through day
168, and everolimus is started on day 14 and administered twice daily.

A different way to block costimulation is to block the interaction between CD40 and CD40 L. A first
attempt was made to block the CD 40 receptor, but the studies were interrupted because of a number of
thromboembolic complications[55,56]. This was because CD40 L is also expressed on platelets, which
causes thromboembolic complications.

In 2014, Okimura et al[57] reported that ASKP 1240, a fully human antibody targeting human CDA40,
had a potent immunosuppressive effect that did not interfere with platelets.
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Figure 3 CTOT24 trial.
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Recently, in a phase 1b study, the safety and efficacy of bleselumab, a fully human anti-CD40
monoclonal antibody, was documented by Vincenti et al[58]. The results were confirmed by a phase 2,
randomized, open label, noninferiority study by Harland et al[59].

Novartis claimed to have developed another anti-CD40 monoclonal antibody (CFZ-533, Iscalimab).
The antibody was characterized by several studies[60,61] . The antibody is the object of an RCT in de
novo renal transplantation[62] to demonstrate comparable efficacy to and better renal function than TAC
in de novo CNI-free kidney transplantation.

Until recently, it was believed that the main cause of kidney injury over time after transplantation
was primarily due to CNI nephrotoxicity.

The first study questioning this opinion was the DeKAF study by Gaston et al[63] . The study
documented that the decline in kidney function was not only due to CNI nephrotoxicity but also due
primarily to the presence in the recipient of DSAs and the consequent activation of the humoral
response[64]. Indeed, long-term graft survival was lower in patients with DSAs in the serum and C4d, a
marker of immune response activation on the glomerular capillary wall. The role of DSAs and ABMR
was further documented by Sellarés et al[65] and Lefaucheur et al[66]. A separate study documented that
both de novo and pre-existing DSAs caused ABMR and reduced graft survival[67].

A more recent study by Stegall et al[68] examined 575 surveillance biopsies of kidney transplants
from living donors on low-dose TAC therapy and found that 82% of patients whose grafts survived 10
years were affected by inflammatory lesions not related to CNI toxicity or to immunological
mechanisms.

Preserving renal function requires other therapies in addition to safely reducing or withdrawing
CNiIs.

Therapy to control inflammation and fibrosis not related to immunological causes

Several factors, such as hyperuricemia, glucose intolerance, arterial hypertension, dyslipidemia and
infection, may induce an inflammatory state in kidney transplant patients[69]. In addition, chronic
hypoxia mediated by IL-1 and IL-6, angiotensin II and transforming growth factor beta may result in the
accumulation of extracellular matrix, which can lead to interstitial fibrosis. In particular, several studies
[70-72] document that IL-6 leads to allograft injury by acute inflammation, adaptive cellular/humoral
responses, innate immunity and fibrosis. All these studies indicate that IL-6 is a mainstay in inducing
inflammation and allograft injury.

Several drugs have been proposed to control the graft inflammatory state, including low-dose aspirin,
statins, renin-angiotensin inhibitors, and xanthine-oxidase inhibitors, but no prospective trial with these
drugs has been conducted in kidney transplantation. The only drug object of an RCT is the IL-6R
inhibitor.

Currently, available agents for IL-6 signaling inhibition include monoclonal antibodies against IL-6 or
IL-6R and Janus kinase inhibitors. The most often studied is tocilizumab, an IL-6R blocker. In a study
conducted by Chandran et al[73], IL-6 blockade with tocilizumab increased Tregs and reduced T effector
cytokines in renal graft inflammation. Tocilizumab-treated patients showed an improved tubulointer-
stitial Banff score and an increased Treg frequency.

Therapy to control chronic humoral rejection
Important advances have been made in the treatment of ABMR, but less effective treatments are
available to control cABMR, which is a slowly progressing disease in which grafts are primarily injured
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by de novo DSAs[74].

Until recently, attempts to treat cABMR had been limited to a combination of plasmapheresis and
intravenous immunoglobulins (IVIGs)[75] and rituximab (RTX)[76,77]. Recently, proteasome inhibitors
such as bortezomib[78] and carfilzomib[79] have also been studied, but these drugs were not as effective
as anticipated.

In addition, complement inhibitors such as C1 inhibitors (C1-INH) and eculizumab, failed to control
cABMR([80,81] probably because antibodies may injure the endothelium in a complement-independent
pathway. Better results have been obtained with the use of IL-6R or IL-6 inhibitors.

In a previous study, Shin et al[82] documented the efficacy of tocilizumab in blocking monocyte
activation in an in vitro model, to inhibit the inflammatory cascade induced by alloantibodies. In a more
recent study, Shin et al[83] documented a beneficial effect of tocilizumab on cABMR owing to a
reduction in antibody production by B cells.

Similarly, Choi et al[84] documented a reduction in DSAs and cABMR and stabilization of renal
function in patients with cABMR, DSAs and transplant glomerulopathy treated with tocilizumab. A
phase 4 RCT in patients with cABMR was recently designed[85].

Clazakizumab is a humanized monoclonal antibody directed against IL-6. In a study by Dobere et al
[86], clazakizumab reduced DSAs and demonstrated beneficial effects on cABMR and renal function.

THERAPY FOR DESENSITIZATION AND ACUTE ABMR

Desensitization and treatment of ABMR are the two faces of the same coin. It has already been discussed
how DSAs play a relevant role in inducing AKI and graft failure. DSAs may already be present before
transplantation, or they may appear de novo after kidney transplantation. In both conditions, they may
cause ABMR.

Desensitization is the treatment to reduce or, when possible, completely eradicate DSAs before or at
the time of transplantation. Treatment of ABMR includes powerful drugs aimed at controlling this
severe complication.

To better understand the mechanism of action of these drugs, Figure 4 represents how DSAs are
formed and where the immunosuppressant drugs may act[87]. Naive CD4+ T cells recognize the
antigen presented by APCs. Activated CD4+ cells process antigens, which are presented to naive B cells.
Costimulatory molecules mediate the presentation through CD80/86 and CD28. B cell maturation and
development into B-memory cells and plasma cells (PCs) is regulated by cytokines (principally IL-6 and
IL-21), B cell activating factor (BAFF) and a proliferation-inducing ligand that interact with B cell
maturation antigen. PCs produce antibodies that bind to donor-specific human leukocyte antigen (HLA)
molecules, activate complement and initiate injury leading to ABMR. Agents capable of interfering with
this complex system are numerous and act at different levels.

Several studies and reviews have described the drugs used in desensitization and in the treatment of
ABMR][88-93].

Novel agents will be discussed in this chapter. New agents acting on costimulatory signals have
already been discussed[48,49,57,59]. Similarly, anti-IL-6/IL-6R agents have been discussed[83-86].

Obintuzumab is a type 2 anti-CD20 antibody that induces more robust B cell depletion than RTX. To
date, the drug has been evaluated in a phase 1b study to induce desensitization[94].

Belimumab belongs to the anti BAFF family. The drug is effective in treating systemic lupus erythem-
atosus[95] but less effective in treating ABMR[96] due to possible infective complications. Proteasome
inhibitors such as bortezomib and carfilzomib act on PCs, but are not as effective as anticipated.
Carfilzomib has been studied in desensitization in a nonhuman primate model[97].

Drugs acting directly on PCs target CD38. Several studies or case reports have documented the
efficacy of daratuzumab in the treatment of ABMR[98-100]. Isatuximab is effective on PCs and other
immune cells, such as Tregs and Bregs. This fact may limit its applicability in the treatment of ABMR
[101].

Inebilizumab is a humanized anti-CD19 monoclonal antibody approved for neuromyelitis optica
[102].

An RCT with inebilizumab for pretransplant desensitization[103] was suspended due to the
coronavirus disease pandemic.

Finally, another fully human monoclonal antibody, anti-CD38, is the object of an RCT for the
treatment of ABMR[104].

In ABMR, the activation of the complement cascade is triggered by ligation of the C1 complex to HLA
antigens that are bound by DSAs. Several drugs are capable of blocking complement activation
(Figure 5). The C1 complex is activated upon antibody binding. The humanized monoclonal antibody
BIVVO009 (sutinlimab) targets its enzymatic subcomponent C1 s and this therapy blocks C4 and C2
cleavage and the formation of C3 convertase.

A phase 1 study with this drug[105] was concluded, and Eskandary et al[80] studied 10 kidney
transplant recipients with ABMR. Repeated biopsies documented a reduction in C4d deposition even if
DSA levels and microvascular inflammation were unchanged.
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Figure 5 Principal drugs affecting complement. C1-INH: C1 inhibitor; MAC: Membrane attacking complex.

C1-INH regulates several pathways that contribute to complement activation and cause ABMR.

In 2015, in a phase I/1I placebo-controlled trial, Vo et al[106] reported the efficacy of C1-INH in the
prevention of ABMR in HLA-sensitized patients. Later, Montgomery et al[107] in a randomized
controlled pilot study, documented the efficacy of C1-INH in controlling ABMR. More recently, two
more studies are ongoing to document the efficacy of human plasma C1 esterase inhibition as an
addition to the standard of care for the treatment of ABMR[108,109].

Gwisnidenge WIT | https://www.wjgnet.com 34 March 18,2022 | Volume12 | Issue3 |



Complement positive
Fcy receptor positive

Salvadori M et al. New immunosuppressants

IgG F(ab) and Fc

IdeS

Complement negative
Fcy receptor negative

|

CDC positive CDC negative
ADCC positive ADCC negative

DOI: 10.5500/wijt.v12.i3.27 Copyright © The Author(s) 2022.

Figure 6 Cleaving intact immunoglobulin G by imlifidase. CDC: Complement dependent cytotoxicity; ADCC: Antibody dependent cell cytotoxicity; F(ab):
Fragment ab; Fc: Fragment c; Ides: Imlifidase; IgG: Immunoglobulin G.

JBaishideng®

The humanized monoclonal antibody eculizumab binds to C5 with high affinity and prevents C5
convertase-mediated cleavage to C5a and C5b. In the past, several studies documented the efficacy of
eculizumab in treating ABMR[110-112]. Recently, other studies documented the efficacy of eculizumab
in treating and preventing ABMR[113,114]. Antibody removal is another therapeutic technique that may
be applied primarily to desensitize patients with preformed DSAs before transplantation. Until recently,
antibody removal and/or inhibition have been performed by plasmapheresis and IVIGs. Recently, it
was documented that imlifidase (IdeS), a recombinant cysteine protease derived from Streptococcus
pyogenes, rapidly cleaves IgG in the lower hinge region to a Fab fragment and a dimeric Fc fragment
[115] (Figure 6). In addition to eliminating HLA antibodies, Ge et al[116] demonstrated that IdeS is a
potent inhibitor of antibody-dependent cell cytotoxicity. A drawback of IdeS treatment is antibody
recurrence after the interruption of the treatment. Incorporation of plasmapheresis and RTX to this
treatment may overcome this drawback.

An international phase 2 trial was conducted in five transplant centers[117] for desensitization of
cross-match-positive, highly sensitized kidney transplant recipients. Antibody rebound occurred 3-14 d
after lipopolysaccharide administration, but graft survival at six months was 88.9%. The study
conclusion was that IdeS converted positive cross matches to negative cross matches and achieved the
transplantation of high-sensitized patients with optimal results at 6 mo.

In a more recent study, Kjellman ef al[118] documented that lipifidase treatment administered to 39
cross-match-positive patients accomplished a 3-year graft survival of 93% with an ABMR incidence of
38% in the first month post-transplantation.

CONCLUSION

Lack of interest by industries and optimal outcomes reached by the drugs used to date has resulted in
little progress in finding new drugs. However, examining unmet needs in the field of kidney
transplantation may help us to find new drugs. Needs not optimally covered by current drugs are
control of DGF, improvement of the long-term immunosuppression with graft outcomes reduced by
chronic damage and the control of desensitization and ABMR. The control of these needs is of outmost
importance, considering the expanding numbers of new kinds of kidney transplantation as
transplantation from older donors and from NHBDs and transplantation from antibody-incompatible
donors.

In the first kind, controlling or reducing DGF is essential; in the latter kind, the reduction of
antibodies against HLA is essential.
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DGF may be controlled either with optimal management of the donor before or during kidney
removal or with drugs attempting to target one of the multiple pathways involved in causing the IRI
that is conducive to DGF.

New drugs are also emerging to control or reduce the antibody serum level. Several steps are
involved in antibody generation and for each of those steps new drugs will be found.

In addition, drugs are able to reduce the nephrotoxicity induced by the long-term use of CNIs and to
control kidney inflammation that may contribute to a worse graft outcome.

The majority of these drugs have been very recently found and are still in RCTs. Therefore, trials with
novel agents require a careful approach and these new agents in transplantation face many challenges,
but may provide a hopeful pipeline in this issue.

FOOTNOTES

Author contributions: Salvadori M and Tsalouchos A contributed equally to the manuscript; Salvadori M designed
the study, performed the last revision and provided answers to the reviewers; Tsalouchos A collected the data from
literature; Salvadori M and Tsalouchos A analyzed the collected data and wrote the manuscript.

Conflict-of-interest statement: Salvadori M and Tsalouchos A do not have any conflict of interest in relation to the
manuscript, as in the attached form.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license
their derivative works on different terms, provided the original work is properly cited and the use is non-

commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/
Country/Territory of origin: Italy
ORCID number: Maurizio Salvadori 0000-0003-1503-2681; Aris Tsalouchos 0000-0002-8565-4059.

S-Editor: Wang JJ
L-Editor: A
P-Editor: Wang JJ

REFERENCES

1 Viklicky O, Novotny M, Hruba P. Future developments in kidney transplantation. Curr Opin Organ Transplant 2020; 25:
92-98 [PMID: 31833964 DOI: 10.1097/MOT.0000000000000722]

2 Siedlecki A, Irish W, Brennan DC. Delayed graft function in the kidney transplant. Am J Transplant 2011; 11: 2279-2296
[PMID: 21929642 DOI: 10.1111/j.1600-6143.2011.03754.x]

3 Rosin DL, Okusa MD. Dangers within: DAMP responses to damage and cell death in kidney disease. J Am Soc Nephrol
2011; 22: 416-425 [PMID: 21335516 DOI: 10.1681/ASN.2010040430]

4 Moll UM, Zaika A. Nuclear and mitochondrial apoptotic pathways of p53. FEBS Lett 2001; 493: 65-69 [PMID: 11286997
DOI: 10.1016/s0014-5793(01)02284-0]

5 Orlando G, Remuzzi G, Williams DF. Kidney Transplantation, Bioengineering and Regeneration. In: Chandran S,
Vincenti F. Novel Drugs in Kidney Transplantation in Kidney Transplantation. New York: Elsevier, 2017: 277-290

6  Tchervenkov J, Squiers E, Stratta R, Odenheimer D, Rothenstein D; QPI-1002 DGF Study Group. QPI-1002, a siRNA
Targeting p53: Improvement in Outcomes Following Acute Kidney Injury (AKI): Cardiac Surgery to AKI Donors. 4m J
Transplant 2017; 17

7  Schutt R, Case J, Barrick B, Toll A, Schaffer R, Fisher J, Marsh C. Living kidney transplant: the influence of intra-
operative hemodynamics on delayed graft function. 2017 American Transplant Congress; 2017 Apr 29-May 3; Chicago,
USA [DOL: 10.13140/RG.2.2.35308.97920]

8 RuanY, Wang L, Zhao Y, Yao Y, Chen S, Li J, Guo H, Ming C, Gong F, Chen G. Carbon monoxide potently prevents
ischemia-induced high-mobility group box 1 translocation and release and protects against lethal renal ischemia-
reperfusion injury. Kidney Int 2014; 86: 525-537 [PMID: 24694987 DOI: 10.1038/ki.2014.80]

9 Kohmoto J, Nakao A, Stolz DB, Kaizu T, Tsung A, Ikeda A, Shimizu H, Takahashi T, Tomiyama K, Sugimoto R, Choi
AM, Billiar TR, Murase N, McCurry KR. Carbon monoxide protects rat lung transplants from ischemia-reperfusion injury
via a mechanism involving p38 MAPK pathway. Am J Transplant 2007; 7: 2279-2290 [PMID: 17711551 DOI:
10.1111/1.1600-6143.2007.01940.x]

10 Hanto DW, Maki T, Yoon MH, Csizmadia E, Chin BY, Gallo D, Konduru B, Kuramitsu K, Smith NR, Berssenbrugge A,
Attanasio C, Thomas M, Wegiel B, Otterbein LE. Intraoperative administration of inhaled carbon monoxide reduces
delayed graft function in kidney allografts in Swine. Am J Transplant 2010; 10: 2421-2430 [PMID: 20977633 DOI:
10.1111/1.1600-6143.2010.03289.x]

11 Abuchowski A. SANGUINATE (PEGylated Carboxyhemoglobin Bovine): Mechanism of Action and Clinical Update.

WIT | https://www.wjgnet.com 36 March 18,2022 | Volume12 | Issue3 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-1503-2681
http://orcid.org/0000-0003-1503-2681
http://orcid.org/0000-0002-8565-4059
http://orcid.org/0000-0002-8565-4059
http://www.ncbi.nlm.nih.gov/pubmed/31833964
https://dx.doi.org/10.1097/MOT.0000000000000722
http://www.ncbi.nlm.nih.gov/pubmed/21929642
https://dx.doi.org/10.1111/j.1600-6143.2011.03754.x
http://www.ncbi.nlm.nih.gov/pubmed/21335516
https://dx.doi.org/10.1681/ASN.2010040430
http://www.ncbi.nlm.nih.gov/pubmed/11286997
https://dx.doi.org/10.1016/s0014-5793(01)02284-0
https://dx.doi.org/10.13140/RG.2.2.35308.97920
http://www.ncbi.nlm.nih.gov/pubmed/24694987
https://dx.doi.org/10.1038/ki.2014.80
http://www.ncbi.nlm.nih.gov/pubmed/17711551
https://dx.doi.org/10.1111/j.1600-6143.2007.01940.x
http://www.ncbi.nlm.nih.gov/pubmed/20977633
https://dx.doi.org/10.1111/j.1600-6143.2010.03289.x

Jaishideng®

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Salvadori M et al. New immunosuppressants

Artif Organs 2017; 41: 346-350 [PMID: 28397407 DOL: 10.1111/aor.12934]

Pharmaceuticals P. Efficacy and Safety of SANGUINATE™ for Reduction of Delayed Graft Function in Patients
Receiving a Kidney Transplant. [accessed 2015 Jul 3]. In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National
Library of Medicine. Available from: https://clinicaltrials.gov/ct2/show/NCT02490202 ClinicalTrials.gov Identifier:
NCT02490202

Thuillier R, Delpy E, Matillon X, Kaminski J, Kasil A, Soussi D, Danion J, Sauvageon Y, Rod X, Donatini G, Barrou B,
Badet L, Zal F, Hauet T. Preventing acute kidney injury during transplantation: the application of novel oxygen carriers.
Expert Opin Investig Drugs 2019; 28: 643-657 [PMID: 31165652 DOI: 10.1080/13543784.2019.1628217]

Steichen C, Giraud S, Bon D, Barrou B, Badet L, Salamé E, Kerforne T, Allain G, Roumy J, Jayle C, Hannaert P, Hauet
T, Thuillier R. Barriers and Advances in Kidney Preservation. Biomed Res Int 2018; 2018: 9206257 [PMID: 30643824
DOI: 10.1155/2018/9206257]

Kaminski J, Hannaert P, Kasil A, Thuillier R, Leize E, Delpy E, Steichen C, Goujon JM, Zal F, Hauet T. Efficacy of the
natural oxygen transporter HEMO, life™ in cold preservation in a preclinical porcine model of donation after cardiac death.
Transpl Int 2019; 32: 985-996 [PMID: 30924562 DOIL: 10.1111/tri.13434]

Jakubauskiene L, Jakubauskas M, Leber B, Strupas K, Stiegler P, Schemmer P. Relaxin Positively Influences Ischemia-
Reperfusion Injury in Solid Organ Transplantation: A Comprehensive Review. Int J Mol Sci 2020; 21 [PMID: 31963613
DOI: 10.3390/ijms21020631]

Kageyama S, Nakamura K, Ke B, Busuttil RW, Kupiec-Weglinski JW. Serelaxin induces Notch1 signaling and alleviates
hepatocellular damage in orthotopic liver transplantation. Am J Transplant 2018; 18: 1755-1763 [PMID: 29464890 DOI:
10.1111/ajt.14706]

Alexiou K, Wilbring M, Matschke K, Dschietzig T. Relaxin protects rat lungs from ischemia-reperfusion injury via
inducible NO synthase: role of ERK-1/2, PI3K, and forkhead transcription factor FKHRL1. PLoS One 2013; 8: €75592
[PMID: 24098703 DOI: 10.1371/journal.pone.0075592]

Yoshida T, Kumagai H, Kohsaka T, Ikegaya N. Relaxin protects against renal ischemia-reperfusion injury. Am J Physiol
Renal Physiol 2013; 305: F1169-F1176 [PMID: 23946288 DOI: 10.1152/ajprenal.00654.2012]

Collino M, Rogazzo M, Pini A, Benetti E, Rosa AC, Chiazza F, Fantozzi R, Bani D, Masini E. Acute treatment with
relaxin protects the kidney against ischaemia/reperfusion injury. J Cell Mol Med 2013; 17: 1494-1505 [PMID: 24079335
DOI: 10.1111/jemm.12120]

Weidner KM, Sachs M, Birchmeier W. The Met receptor tyrosine kinase transduces motility, proliferation, and
morphogenic signals of scatter factor/hepatocyte growth factor in epithelial cells. J Cell Biol 1993; 121: 145-154 [PMID:
8384622 DOI: 10.1083/jcb.121.1.145]

Benoit SW, Devarajan P. Acute kidney injury: emerging pharmacotherapies in current clinical trials. Pediatr Nephrol
2018; 33: 779-787 [PMID: 28601936 DOI: 10.1007/s00467-017-3695-3]

Zhou D, Tan RJ, Lin L, Zhou L, Liu Y. Activation of hepatocyte growth factor receptor, c-met, in renal tubules is required
for renoprotection after acute kidney injury. Kidney Int 2013; 84: 509-520 [PMID: 23715119 DOI: 10.1038/ki.2013.102]
Bromberg JS, Weir MR, Gaber AO, Yamin MA, Goldberg ID, Mayne TJ, Cal W, Cooper M. Renal Function
Improvement Following ANG-3777 Treatment in Patients at High Risk for Delayed Graft Function After Kidney
Transplantation. Transplantation 2021; 105: 443-450 [PMID: 32265417 DOI: 10.1097/TP.0000000000003255]
Vincenti F, Kim J, Gouveia D, Pelle G, Mayne TJ, Neylan JF. Phase 3 trial Design of the Hepatocyte Growth Factor
Mimetic ANG-3777 in Renal Transplant Recipients With Delayed Graft Function. Kidney Int Rep 2021; 6: 296-303
[PMID: 33615054 DOI: 10.1016/j.ekir.2020.11.001]

Kassimatis T, Qasem A, Douiri A, Ryan EG, Rebollo-Mesa I, Nichols LL, Greenlaw R, Olsburgh J, Smith RA, Sacks
SH, Drage M. A double-blind randomised controlled investigation into the efficacy of Mirococept (APT070) for
preventing ischaemia reperfusion injury in the kidney allograft (EMPIRIKAL): study protocol for a randomised controlled
trial. Trials 2017; 18: 255 [PMID: 28587616 DOI: 10.1186/s13063-017-1972-x]

Kassimatis T, Greenlaw R, Hunter JP, Douiri A, Flach C, Rebollo-Mesa I, Nichols LL, Qasem A, Danzi G, Olsburgh J,
Drage M, Friend PJ, Neri F, Karegli J, Horsfield C, Smith RA, Sacks SH. Ex vivo delivery of Mirococept: A dose-finding
study in pig kidney after showing a low dose is insufficient to reduce delayed graft function in human kidney. Am J
Transplant 2021; 21: 1012-1026 [PMID: 33225626 DOIL: 10.1111/ajt.16265]

University of Winsconsin. Cinrize as a Donor Pre-treatment Strategy in Kidney Recipients of KDPI>60%. [accessed
2015 May 6]. In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library of Medicine. Available from:
https://clinicaltrials.gov/ct2/show/NCT02435732 ClinicalTrials.gov Identifier: NCT02435732

Jordan SC, Choi J, Aubert O, Haas M, Loupy A, Huang E, Peng A, Kim I, Louie S, Ammerman N, Najjar R, Puliyanda
D, Vo A. A phase I/I1, double-blind, placebo-controlled study assessing safety and efficacy of C1 esterase inhibitor for
prevention of delayed graft function in deceased donor kidney transplant recipients. Am J Transplant 2018; 18: 2955-2964
[PMID: 29637714 DOI: 10.1111/ajt.14767]

Berger M, Lefaucheur C, Jordan SC. Update on C1 Esterase Inhibitor in Human Solid Organ Transplantation.
Transplantation 2019; 103: 1763-1775 [PMID: 30946220 DOI: 10.1097/TP.0000000000002717]

Jordan S. CI1INH Inhibitor Preoperative and Post Kidney Transplant to Prevent DGF & IRI (C1INHDGEF). [accessed
2014 May 9]. In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library of Medicine. Available from:
https://clinicaltrials.gov/ct2/show/NCT02134314 ClinicalTrials.gov Identifier: NCT02134314

Huang E, Vo A, Choi J, Ammerman N, Lim K, Sethi S, Kim I, Kumar S, Najjar R, Peng A, Jordan SC. Three-Year
Outcomes of a Randomized, Double-Blind, Placebo-Controlled Study Assessing Safety and Efficacy of C1 Esterase
Inhibitor for Prevention of Delayed Graft Function in Deceased Donor Kidney Transplant Recipients. Clin J Am Soc
Nephrol 2020; 15: 109-116 [PMID: 31843975 DOI: 10.2215/CJN.04840419]

Urbanellis P, Hamar M, Kaths JM, Kollmann D, Linares I, Mazilescu L, Ganesh S, Wiebe A, Yip PM, John R,
Konvalinka A, Mucsi I, Ghanekar A, Bagli DJ, Robinson LA, Selzner M. Normothermic Ex Vivo Kidney Perfusion
Improves Early DCD Graft Function Compared With Hypothermic Machine Perfusion and Static Cold Storage.

WIT | https://www.wjgnet.com 37 March 18,2022 | Volume12 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/28397407
https://dx.doi.org/10.1111/aor.12934
https://clinicaltrials.gov/ct2/show/NCT02490202
http://www.ncbi.nlm.nih.gov/pubmed/31165652
https://dx.doi.org/10.1080/13543784.2019.1628217
http://www.ncbi.nlm.nih.gov/pubmed/30643824
https://dx.doi.org/10.1155/2018/9206257
http://www.ncbi.nlm.nih.gov/pubmed/30924562
https://dx.doi.org/10.1111/tri.13434
http://www.ncbi.nlm.nih.gov/pubmed/31963613
https://dx.doi.org/10.3390/ijms21020631
http://www.ncbi.nlm.nih.gov/pubmed/29464890
https://dx.doi.org/10.1111/ajt.14706
http://www.ncbi.nlm.nih.gov/pubmed/24098703
https://dx.doi.org/10.1371/journal.pone.0075592
http://www.ncbi.nlm.nih.gov/pubmed/23946288
https://dx.doi.org/10.1152/ajprenal.00654.2012
http://www.ncbi.nlm.nih.gov/pubmed/24079335
https://dx.doi.org/10.1111/jcmm.12120
http://www.ncbi.nlm.nih.gov/pubmed/8384622
https://dx.doi.org/10.1083/jcb.121.1.145
http://www.ncbi.nlm.nih.gov/pubmed/28601936
https://dx.doi.org/10.1007/s00467-017-3695-3
http://www.ncbi.nlm.nih.gov/pubmed/23715119
https://dx.doi.org/10.1038/ki.2013.102
http://www.ncbi.nlm.nih.gov/pubmed/32265417
https://dx.doi.org/10.1097/TP.0000000000003255
http://www.ncbi.nlm.nih.gov/pubmed/33615054
https://dx.doi.org/10.1016/j.ekir.2020.11.001
http://www.ncbi.nlm.nih.gov/pubmed/28587616
https://dx.doi.org/10.1186/s13063-017-1972-x
http://www.ncbi.nlm.nih.gov/pubmed/33225626
https://dx.doi.org/10.1111/ajt.16265
https://clinicaltrials.gov/ct2/show/NCT02435732
http://www.ncbi.nlm.nih.gov/pubmed/29637714
https://dx.doi.org/10.1111/ajt.14767
http://www.ncbi.nlm.nih.gov/pubmed/30946220
https://dx.doi.org/10.1097/TP.0000000000002717
https://clinicaltrials.gov/ct2/show/NCT02134314
http://www.ncbi.nlm.nih.gov/pubmed/31843975
https://dx.doi.org/10.2215/CJN.04840419

Salvadori M et al. New immunosuppressants

Jaishideng®

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Transplantation 2020; 104: 947-955 [PMID: 31815900 DOI: 10.1097/TP.0000000000003066]

Niemann CU, Feiner J, Swain S, Bunting S, Friedman M, Crutchfield M, Broglio K, Hirose R, Roberts JP, Malinoski D.
Therapeutic Hypothermia in Deceased Organ Donors and Kidney-Graft Function. N Engl J Med 2015; 373: 405-414
[PMID: 26222557 DOI: 10.1056/NEJMoal501969]

Ngo K, Castillo P, Laine RA, Sun Q. Effects of Menadione on Survival, Feeding, and Tunneling Activity of the Formosan
Subterranean Termite. /nsects 2021; 12 [PMID: 34940197 DOI: 10.3390/biomedicines9080993]

Pascual J, Berger SP, Witzke O, Tedesco H, Mulgaonkar S, Qazi Y, Chadban S, Oppenheimer F, Sommerer C,
Oberbauer R, Watarai Y, Legendre C, Citterio F, Henry M, Srinivas TR, Luo WL, Marti A, Bernhardt P, Vincenti F;
TRANSFORM Investigators. Everolimus with Reduced Calcineurin Inhibitor Exposure in Renal Transplantation. J Am
Soc Nephrol 2018; 29: 1979-1991 [PMID: 29752413 DOI: 10.1681/ASN.2018010009]

Aala A, Brennan DC. Transformation in Immunosuppression: Are We Ready for it? J Am Soc Nephrol 2018; 29: 1791-
1792 [PMID: 29884733 DOI: 10.1681/ASN.2018050491]

Zeng J, Zhong Q, Feng X, Li L, Feng S, Fan Y, Song T, Huang Z, Wang X, Lin T. Conversion From Calcineurin
Inhibitors to Mammalian Target of Rapamycin Inhibitors in Kidney Transplant Recipients: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials. Front Immunol 2021; 12: 663602 [PMID: 34539621 DOI:
10.3389/fimmu.2021.663602]

Montero N, Quero M, Melilli E, Pérez-Saez MJ, Redondo-Pachén D, Bestard O, Crespo M, Cruzado JM, Pascual J.
Mammalian Target of Rapamycin Inhibitors Combined With Calcineurin Inhibitors as Initial Immunosuppression in Renal
Transplantation: A Meta-analysis. Transplantation 2019; 103: 2031-2056 [PMID: 31343574 DOI:
10.1097/TP.0000000000002769]

Wojciechowski D, Wiseman A. Long-Term Immunosuppression Management: Opportunities and Uncertainties. Clin J
Am Soc Nephrol 2021; 16: 1264-1271 [PMID: 33853841 DOI: 10.2215/CIN.15040920]

Pestana JO, Grinyo JM, Vanrenterghem Y, Becker T, Campistol JM, Florman S, Garcia VD, Kamar N, Lang P, Manfro
RC, Massari P, Rial MD, Schnitzler MA, Vitko S, Duan T, Block A, Harler MB, Durrbach A. Three-year outcomes from
BENEFIT-EXT: a phase III study of belatacept vs cyclosporine in recipients of extended criteria donor kidneys. Am J
Transplant 2012; 12: 630-639 [PMID: 22300431 DOI: 10.1111/1.1600-6143.2011.03914.x]

Rostaing L, Vincenti F, Grinyo J, Rice KM, Bresnahan B, Steinberg S, Gang S, Gaite LE, Moal MC, Mondragon-
Ramirez GA, Kothari J, Pupim L, Larsen CP. Long-term belatacept exposure maintains efficacy and safety at 5 years:
results from the long-term extension of the BENEFIT study. Am J Transplant 2013; 13: 2875-2883 [PMID: 24047110
DOI: 10.1111/ajt.12460]

Mathews DV, Dong Y, Higginbotham LB, Kim SC, Breeden CP, Stobert EA, Jenkins J, Tso JY, Larsen CP, Adams AB.
CD122 signaling in CD8+ memory T cells drives costimulation-independent rejection. J Clin Invest 2018; 128: 4557-4572
[PMID: 30222140 DOI: 10.1172/JC195914]

Kumar D, Raynaud M, Chang J, Reeve J, Yakubu I, Kamal L, Levy M, Bhati C, Kimball P, King A, Massey D, Halloran
P, Gupta G. Impact of Belatacept Conversion on Renal Function, Histology, and Gene Expression in Kidney Transplant
Patients With Chronic Active Antibody-mediated Rejection. Transplantation 2021; 105: 660-667 [PMID: 32510913 DOI:
10.1097/TP.0000000000003278]

Bertrand D, Terrec F, Etienne I, Chavarot N, Sberro R, Gatault P, Garrouste C, Bouvier N, Grall-Jezequel A, Jaureguy
M, Caillard S, Thervet E, Colosio C, Golbin L, Rerolle JP, Thierry A, Sayegh J, Janbon B, Malvezzi P, Jouve T, Rostaing
L, Noble J. Opportunistic Infections and Efficacy Following Conversion to Belatacept-Based Therapy after Kidney
Transplantation: A French Multicenter Cohort. J Clin Med 2020; 9 [PMID: 33126667 DOI: 10.3390/jcm9113479]
Chavarot N, Divard G, Scemla A, Amrouche L, Aubert O, Leruez-Ville M, Timsit MO, Tinel C, Zuber J, Legendre C,
Anglicheau D, Sberro-Soussan R. Increased incidence and unusual presentations of CMV disease in kidney transplant
recipients after conversion to belatacept. Am J Transplant 2021; 21: 2448-2458 [PMID: 33283406 DOI:
10.1111/ajt.16430]

Ville S, Poirier N, Branchereau J, Charpy V, Pengam S, Nerriere-Daguin V, Le Bas-Bernardet S, Coulon F, Mary C,
Chenouard A, Hervouet J, Minault D, Nedellec S, Renaudin K, Vanhove B, Blancho G. Anti-CD28 Antibody and
Belatacept Exert Differential Effects on Mechanisms of Renal Allograft Rejection. J Am Soc Nephrol 2016; 27: 3577-
3588 [PMID: 27160407 DOI: 10.1681/ASN.2015070774]

van der Zwan M, Hesselink DA, van den Hoogen MWF, Baan CC. Costimulation Blockade in Kidney Transplant
Recipients. Drugs 2020; 80: 33-46 [PMID: 31749062 DOI: 10.1007/s40265-019-01226-6]

El Hennawy H, Safar O, Al Faifi AS, El Nazer W, Kamal A, Mahedy A, Zaitoun M, Fahmy AE. Belatacept rescue
therapy of CNI-induced nephrotoxicity, meta-analysis. Transplant Rev (Orlando) 2021; 35: 100653 [PMID: 34597943
DOI: 10.1016/j.trre.2021.100653]

Poirier N, Blancho G, Vanhove B. A more selective costimulatory blockade of the CD28-B7 pathway. Transpl Int 2011;
24:2-11 [PMID: 20964725 DOL: 10.1111/5.1432-2277.2010.01176.x]

Liu D, Krummey SM, Badell IR, Wagener M, Schneeweis LA, Stetsko DK, Suchard SJ, Nadler SG, Ford ML. 2B4
(CD244) induced by selective CD28 blockade functionally regulates allograft-specific CD8+ T cell responses. J Exp Med
2014; 211: 297-311 [PMID: 24493803 DOI: 10.1084/jem.20130902]

Shi R, Honczarenko M, Zhang S, Fleener C, Mora J, Lee SK, Wang R, Liu X, Shevell DE, Yang Z, Wang H, Murthy B.
Pharmacokinetic, Pharmacodynamic, and Safety Profile of a Novel Anti-CD28 Domain Antibody Antagonist in Healthy
Subjects. J Clin Pharmacol 2017; 57: 161-172 [PMID: 27402064 DOI: 10.1002/jcph.791]

Poirier N, Blancho G, Hiance M, Mary C, Van Assche T, Lempoels J, Ramael S, Wang W, Thepenier V, Braudeau C,
Salabert N, Josien R, Anderson I, Gourley I, Soulillou JP, Coquoz D, Vanhove B. First-in-Human Study in Healthy
Subjects with FR104, a Pegylated Monoclonal Antibody Fragment Antagonist of CD28. J Immunol 2016; 197: 4593-4602
[PMID: 27849166 DOI: 10.4049/jimmunol.1601538]

National Institute of Allergy and Infectious Diseases. Treg modulation with CD28 and IL-6 receptor antagonists.
[accessed 2019 Aug 26]. In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library of Medicine. Available
from: https://clinicaltrials.gov/ct2/show/NCT04066114 ClinicalTrials.gov Identifier: NCT04066114

WIT | https://www.wjgnet.com 38 March 18,2022 | Volume12 | Issue3


http://www.ncbi.nlm.nih.gov/pubmed/31815900
https://dx.doi.org/10.1097/TP.0000000000003066
http://www.ncbi.nlm.nih.gov/pubmed/26222557
https://dx.doi.org/10.1056/NEJMoa1501969
http://www.ncbi.nlm.nih.gov/pubmed/34940197
https://dx.doi.org/10.3390/biomedicines9080993
http://www.ncbi.nlm.nih.gov/pubmed/29752413
https://dx.doi.org/10.1681/ASN.2018010009
http://www.ncbi.nlm.nih.gov/pubmed/29884733
https://dx.doi.org/10.1681/ASN.2018050491
http://www.ncbi.nlm.nih.gov/pubmed/34539621
https://dx.doi.org/10.3389/fimmu.2021.663602
http://www.ncbi.nlm.nih.gov/pubmed/31343574
https://dx.doi.org/10.1097/TP.0000000000002769
http://www.ncbi.nlm.nih.gov/pubmed/33853841
https://dx.doi.org/10.2215/CJN.15040920
http://www.ncbi.nlm.nih.gov/pubmed/22300431
https://dx.doi.org/10.1111/j.1600-6143.2011.03914.x
http://www.ncbi.nlm.nih.gov/pubmed/24047110
https://dx.doi.org/10.1111/ajt.12460
http://www.ncbi.nlm.nih.gov/pubmed/30222140
https://dx.doi.org/10.1172/JCI95914
http://www.ncbi.nlm.nih.gov/pubmed/32510913
https://dx.doi.org/10.1097/TP.0000000000003278
http://www.ncbi.nlm.nih.gov/pubmed/33126667
https://dx.doi.org/10.3390/jcm9113479
http://www.ncbi.nlm.nih.gov/pubmed/33283406
https://dx.doi.org/10.1111/ajt.16430
http://www.ncbi.nlm.nih.gov/pubmed/27160407
https://dx.doi.org/10.1681/ASN.2015070774
http://www.ncbi.nlm.nih.gov/pubmed/31749062
https://dx.doi.org/10.1007/s40265-019-01226-6
http://www.ncbi.nlm.nih.gov/pubmed/34597943
https://dx.doi.org/10.1016/j.trre.2021.100653
http://www.ncbi.nlm.nih.gov/pubmed/20964725
https://dx.doi.org/10.1111/j.1432-2277.2010.01176.x
http://www.ncbi.nlm.nih.gov/pubmed/24493803
https://dx.doi.org/10.1084/jem.20130902
http://www.ncbi.nlm.nih.gov/pubmed/27402064
https://dx.doi.org/10.1002/jcph.791
http://www.ncbi.nlm.nih.gov/pubmed/27849166
https://dx.doi.org/10.4049/jimmunol.1601538
https://clinicaltrials.gov/ct2/show/NCT04066114

Jaishideng®

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

Salvadori M et al. New immunosuppressants

Henn V, Slupsky JR, Griafe M, Anagnostopoulos I, Forster R, Miiller-Berghaus G, Kroczek RA. CD40 ligand on activated
platelets triggers an inflammatory reaction of endothelial cells. Nature 1998; 391: 591-594 [PMID: 9468137 DOI:
10.1038/35393]

Kawai T, Andrews D, Colvin RB, Sachs DH, Cosimi AB. Thromboembolic complications after treatment with
monoclonal antibody against CD40 ligand. Nat Med 2000; 6: 114 [PMID: 10655073 DOI: 10.1038/72162]

Okimura K, Maeta K, Kobayashi N, Goto M, Kano N, Ishihara T, Ishikawa T, Tsumura H, Ueno A, Miyao Y, Sakuma S,
Kinugasa F, Takahashi N, Miura T. Characterization of ASKP1240, a fully human antibody targeting human CD40 with
potent immunosuppressive effects. 4m J Transplant 2014; 14: 1290-1299 [PMID: 24731050 DOI: 10.1111/ajt.12678]
Vincenti F, Klintmalm G, Yang H, Ram Peddi V, Blahunka P, Conkle A, Santos V, Holman J. A randomized, phase 1b
study of the pharmacokinetics, pharmacodynamics, safety, and tolerability of bleselumab, a fully human, anti-CD40
monoclonal antibody, in kidney transplantation. Am J Transplant 2020; 20: 172-180 [PMID: 31397943 DOI:
10.1111/ajt.15560]

Harland RC, Klintmalm G, Jensik S, Yang H, Bromberg J, Holman J, Kumar MSA, Santos V, Larson TJ, Wang X.
Efficacy and safety of bleselumab in kidney transplant recipients: A phase 2, randomized, open-label, noninferiority study.
Am J Transplant 2020; 20: 159-171 [PMID: 31509331 DOI: 10.1111/ajt.15591]

Ristov J, Espie P, Ulrich P, Sickert D, Flandre T, Dimitrova M, Miiller-Ristig D, Weider D, Robert G, Schmutz P,
Greutmann B, Cordoba-Castro F, Schneider MA, Warncke M, Kolbinger F, Cote S, Heusser C, Bruns C, Rush JS.
Characterization of the in vitro and in vivo properties of CFZ533, a blocking and non-depleting anti-CD40 monoclonal
antibody. Am J Transplant 2018; 18: 2895-2904 [PMID: 29665205 DOIL: 10.1111/ajt.14872]

Espié P, He Y, Koo P, Sickert D, Dupuy C, Chokoté E, Schuler R, Mergentaler H, Ristov J, Milojevic J, Verles A,
Groenewegen A, Auger A, Avrameas A, Rotte M, Colin L, Tomek CS, Hernandez-Illas M, Rush JS, Gergely P. First-in-
human clinical trial to assess pharmacokinetics, pharmacodynamics, safety, and tolerability of iscalimab, an anti-CD40
monoclonal antibody. Am J Transplant 2020; 20: 463-473 [PMID: 31647605 DOI: 10.1111/ajt.15661]

Novartis. CCFZ533X2201- PoC Study in de novo renal transplantation. [accessed 2014 Aug 15]. In: ClinicalTrials.gov
[Internet]. Bethesda (MD): U.S. National Library of Medicine. Available from:
https://clinicaltrials.gov/ct2/show/NCT02217410 ClinicalTrials.gov Identifier: NCT02217410

Gaston RS, Cecka JM, Kasiske BL, Fieberg AM, Leduc R, Cosio FC, Gourishankar S, Grande J, Halloran P, Hunsicker
L, Mannon R, Rush D, Matas AJ. Evidence for antibody-mediated injury as a major determinant of late kidney allograft
failure. Transplantation 2010; 90: 68-74 [PMID: 20463643 DOI: 10.1097/TP.0b013e3181e065de]

Ye HZ, Tran HK, Van Voorhis T. Accurate Electronic Excitation Energies in Full-Valence Active Space via Bootstrap
Embedding. J Chem Theory Comput 2021; 17: 3335-3347 [PMID: 33957050 DOT: 10.1111/ctr.14337]

Sellarés J, de Freitas DG, Mengel M, Reeve J, Einecke G, Sis B, Hidalgo LG, Famulski K, Matas A, Halloran PF.
Understanding the causes of kidney transplant failure: the dominant role of antibody-mediated rejection and nonadherence.
Am J Transplant 2012; 12: 388-399 [PMID: 22081892 DOI: 10.1111/.1600-6143.2011.03840.x]

Lefaucheur C, Suberbielle-Boissel C, Hill GS, Nochy D, Andrade J, Antoine C, Gautreau C, Charron D, Glotz D.
Clinical relevance of preformed HLA donor-specific antibodies in kidney transplantation. Contrib Nephrol 2009; 162: 1-
12 [PMID: 19001809 DOI: 10.1159/000170788]

Sinha BK. Role of free radicals in etoposide (VP-16,213) action. Basic Life Sci 1988; 49: 765-768 [PMID: 2855002 DOI:
10.1681/ASN.2016070797]

Stegall MD, Cornell LD, Park WD, Smith BH, Cosio FG. Renal Allograft Histology at 10 Years After Transplantation in
the Tacrolimus Era: Evidence of Pervasive Chronic Injury. Am J Transplant 2018; 18: 180-188 [PMID: 28710896 DOI:
10.1111/ajt.14431]

Ponticelli C, Campise MR. The inflammatory state is a risk factor for cardiovascular disease and graft fibrosis in kidney
transplantation. Kidney Int 2021; 100: 536-545 [PMID: 33932457 DOI: 10.1016/j.kint.2021.04.016]

Miller CL, Madsen JC. IL-6 Directed Therapy in Transplantation. Curr Transplant Rep 2021; 1-14 [PMID: 34099967
DOI: 10.1007/s40472-021-00331-4]

Jordan SC, Choi J, Kim I, Wu G, Toyoda M, Shin B, Vo A. Interleukin-6, A Cytokine Critical to Mediation of
Inflammation, Autoimmunity and Allograft Rejection: Therapeutic Implications of IL-6 Receptor Blockade.
Transplantation 2017; 101: 32-44 [PMID: 27547870 DOI: 10.1097/TP.0000000000001452]

Jordan SC, Ammerman N, Choi J, Kumar S, Huang E, Toyoda M, Kim I, Wu G, Vo A. Interleukin-6: An Important
Mediator of Allograft Injury. Transplantation 2020; 104: 2497-2506 [PMID: 32235253 DOI:
10.1097/TP.0000000000003249]

Chandran S, Leung J, Hu C, Laszik ZG, Tang Q, Vincenti FG. Interleukin-6 blockade with tocilizumab increases Tregs
and reduces T effector cytokines in renal graft inflammation: A randomized controlled trial. Am J Transplant 2021; 21:
2543-2554 [PMID: 33331082 DOI: 10.1111/ajt.16459]

Kim MY, Brennan DC. Therapies for Chronic Allograft Rejection. Front Pharmacol 2021; 12: 651222 [PMID: 33935762
DOI: 10.3389/fphar.2021.651222]

Redfield RR, Ellis TM, Zhong W, Scalea JR, Zens TJ, Mandelbrot D, Muth BL, Panzer S, Samaniego M, Kaufman DB,
Astor BC, Djamali A. Current outcomes of chronic active antibody mediated rejection - A large single center retrospective
review using the updated BANFF 2013 criteria. Hum Immunol 2016; 77: 346-352 [PMID: 26867813 DOI:
10.1016/j.humimm.2016.01.018]

Chung BH, Kim Y, Jeong HS, Hong YA, Choi BS, Park CW, Choi YJ, Kim YS, Yang CW. Clinical outcome in patients
with chronic antibody-mediated rejection treated with and without rituximab and intravenous immunoglobulin
combination therapy. Transpl Immunol 2014; 31: 140-144 [PMID: 25179826 DOI: 10.1016/j.trim.2014.08.005]

Pifieiro GJ, De Sousa-Amorim E, Solé M, Rios J, Lozano M, Cofan F, Ventura-Aguiar P, Cucchiari D, Revuelta I, Cid J,
Palou E, Campistol JM, Oppenheimer F, Rovira J, Diekmann F. Rituximab, plasma exchange and immunoglobulins: an
ineffective treatment for chronic active antibody-mediated rejection. BMC Nephrol 2018; 19: 261 [PMID: 30309322 DOI:
10.1186/s12882-018-1057-4]

Eskandary F, Regele H, Baumann L, Bond G, Kozakowski N, Wahrmann M, Hidalgo LG, Haslacher H, Kaltenecker CC,

WIT | https://www.wjgnet.com 39 March 18,2022 | Volume12 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/9468137
https://dx.doi.org/10.1038/35393
http://www.ncbi.nlm.nih.gov/pubmed/10655073
https://dx.doi.org/10.1038/72162
http://www.ncbi.nlm.nih.gov/pubmed/24731050
https://dx.doi.org/10.1111/ajt.12678
http://www.ncbi.nlm.nih.gov/pubmed/31397943
https://dx.doi.org/10.1111/ajt.15560
http://www.ncbi.nlm.nih.gov/pubmed/31509331
https://dx.doi.org/10.1111/ajt.15591
http://www.ncbi.nlm.nih.gov/pubmed/29665205
https://dx.doi.org/10.1111/ajt.14872
http://www.ncbi.nlm.nih.gov/pubmed/31647605
https://dx.doi.org/10.1111/ajt.15661
https://clinicaltrials.gov/ct2/show/NCT02217410
http://www.ncbi.nlm.nih.gov/pubmed/20463643
https://dx.doi.org/10.1097/TP.0b013e3181e065de
http://www.ncbi.nlm.nih.gov/pubmed/33957050
https://dx.doi.org/10.1111/ctr.14337
http://www.ncbi.nlm.nih.gov/pubmed/22081892
https://dx.doi.org/10.1111/j.1600-6143.2011.03840.x
http://www.ncbi.nlm.nih.gov/pubmed/19001809
https://dx.doi.org/10.1159/000170788
http://www.ncbi.nlm.nih.gov/pubmed/2855002
https://dx.doi.org/10.1681/ASN.2016070797
http://www.ncbi.nlm.nih.gov/pubmed/28710896
https://dx.doi.org/10.1111/ajt.14431
http://www.ncbi.nlm.nih.gov/pubmed/33932457
https://dx.doi.org/10.1016/j.kint.2021.04.016
http://www.ncbi.nlm.nih.gov/pubmed/34099967
https://dx.doi.org/10.1007/s40472-021-00331-4
http://www.ncbi.nlm.nih.gov/pubmed/27547870
https://dx.doi.org/10.1097/TP.0000000000001452
http://www.ncbi.nlm.nih.gov/pubmed/32235253
https://dx.doi.org/10.1097/TP.0000000000003249
http://www.ncbi.nlm.nih.gov/pubmed/33331082
https://dx.doi.org/10.1111/ajt.16459
http://www.ncbi.nlm.nih.gov/pubmed/33935762
https://dx.doi.org/10.3389/fphar.2021.651222
http://www.ncbi.nlm.nih.gov/pubmed/26867813
https://dx.doi.org/10.1016/j.humimm.2016.01.018
http://www.ncbi.nlm.nih.gov/pubmed/25179826
https://dx.doi.org/10.1016/j.trim.2014.08.005
http://www.ncbi.nlm.nih.gov/pubmed/30309322
https://dx.doi.org/10.1186/s12882-018-1057-4

Salvadori M et al. New immunosuppressants

Jaishideng®

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

Aretin MB, Oberbauer R, Posch M, Staudenherz A, Handisurya A, Reeve J, Halloran PF, B6hmig GA. A Randomized
Trial of Bortezomib in Late Antibody-Mediated Kidney Transplant Rejection. J Am Soc Nephrol 2018; 29: 591-605
[PMID: 29242250 DOI: 10.1681/ASN.2017070818]

Tremblay S, Driscoll JJ, Rike-Shields A, Hildeman DA, Alloway RR, Girnita AL, Brailey PA, Woodle ES. A
prospective, iterative, adaptive trial of carfilzomib-based desensitization. Am J Transplant 2020; 20: 411-421 [PMID:
31550069 DOI: 10.1111/ajt.15613]

Eskandary F, Jilma B, Mithlbacher J, Wahrmann M, Regele H, Kozakowski N, Firbas C, Panicker S, Parry GC, Gilbert
JC, Halloran PF, Bohmig GA. Anti-Cls monoclonal antibody BIVV009 in late antibody-mediated kidney allograft
rejection-results from a first-in-patient phase 1 trial. 4m J Transplant 2018; 18: 916-926 [PMID: 28980446 DOI:
10.1111/ajt.14528]

Schinstock CA, Bentall AJ, Smith BH, Cornell LD, Everly M, Gandhi MJ, Stegall MD. Long-term outcomes of
eculizumab-treated positive crossmatch recipients: Allograft survival, histologic findings, and natural history of the donor-
specific antibodies. Am J Transplant 2019; 19: 1671-1683 [PMID: 30412654 DOIL: 10.1111/ajt.15175]

Shin BH, Ge S, Mirocha J, Jordan SC, Toyoda M. Tocilizumab (Anti-IL-6R) Suppressed TNFa Production by Human
Monocytes in an In Vitro Model of Anti-HLA Antibody-Induced Antibody-Dependent Cellular Cytotoxicity. Transplant
Direct 2017; 3: €139 [PMID: 28361123 DOI: 10.1097/TXD.0000000000000653]

Shin BH, Everly MJ, Zhang H, Choi J, Vo A, Zhang X, Huang E, Jordan SC, Toyoda M. Impact of Tocilizumab (Anti-IL-
6R) Treatment on Immunoglobulins and Anti-HLA Antibodies in Kidney Transplant Patients With Chronic Antibody-
mediated Rejection. Transplantation 2020; 104: 856-863 [PMID: 31385933 DOI: 10.1097/TP.0000000000002895]

Choi J, Aubert O, Vo A, Loupy A, Haas M, Puliyanda D, Kim I, Louie S, Kang A, Peng A, Kahwaji J, Reinsmoen N,
Toyoda M, Jordan SC. Assessment of Tocilizumab (Anti-Interleukin-6 Receptor Monoclonal) as a Potential Treatment for
Chronic Antibody-Mediated Rejection and Transplant Glomerulopathy in HLA-Sensitized Renal Allograft Recipients. Am
J Transplant 2017; 17: 2381-2389 [PMID: 28199785 DOI: 10.1111/ajt.14228]

Baid-Agrawal S. Tocilizumab in chronic antibody-mediated rejection in kidney transplant recipients (INTERCEPT).
[accessed 2020 Sep 24]. In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library of Medicine. Available
from: https://clinicaltrials.gov/ct2/show/NCT04561986 ClinicalTrials.gov Identifier: NCT04561986

Doberer K, Duerr M, Halloran PF, Eskandary F, Budde K, Regele H, Reeve J, Borski A, Kozakowski N, Reindl-
Schwaighofer R, Waiser J, Lachmann N, Schranz S, Firbas C, Miihlbacher J, Gelbenegger G, Perkmann T, Wahrmann M,
Kainz A, Ristl R, Halleck F, Bond G, Chong E, Jilma B, Bohmig GA. A Randomized Clinical Trial of Anti-IL-6 Antibody
Clazakizumab in Late Antibody-Mediated Kidney Transplant Rejection. J Am Soc Nephrol 2021; 32: 708-722 [PMID:
33443079 DOI: 10.1681/ASN.2020071106]

Jordan SC, Ammerman N, Choi J, Huang E, Peng A, Sethi S, Najjar R, Kim I, Toyoda M, Kumar S, Lim K, Vo A. The
role of novel therapeutic approaches for prevention of allosensitization and antibody-mediated rejection. Am J Transplant
2020; 20 Suppl 4: 42-56 [PMID: 32538536 DOL: 10.1111/ajt.15913]

Schinstock CA, Mannon RB, Budde K, Chong AS, Haas M, Knechtle S, Lefaucheur C, Montgomery RA, Nickerson P,
Tullius SG, Ahn C, Askar M, Crespo M, Chadban SJ, Feng S, Jordan SC, Man K, Mengel M, Morris RE, O'Doherty I,
Ozdemir BH, Seron D, Tambur AR, Tanabe K, Taupin JL, O'Connell PJ. Recommended Treatment for Antibody-
mediated Rejection After Kidney Transplantation: The 2019 Expert Consensus From the Transplantion Society Working
Group. Transplantation 2020; 104: 911-922 [PMID: 31895348 DOI: 10.1097/TP.0000000000003095]

Nickerson PW. What have we learned about how to prevent and treat antibody-mediated rejection in kidney
transplantation? Am J Transplant 2020; 20 Suppl 4: 12-22 [PMID: 32538535 DOI: 10.1111/ajt.15859]

Valenzuela NM, Reed EF. Antibody-mediated rejection across solid organ transplants: manifestations, mechanisms, and
therapies. J Clin Invest 2017; 127: 2492-2504 [PMID: 28604384 DOI: 10.1172/JC190597]

Bohmig GA, Wahrmann M, Eskandary F, Rostaing L. Novel Approaches to Block Complement. Transplantation 2018;
102: 1837-1843 [PMID: 29870459 DOI: 10.1097/TP.0000000000002267]

Tatapudi VS, Montgomery RA. Therapeutic Modulation of the Complement System in Kidney Transplantation: Clinical
Indications and Emerging Drug Leads. Front Immunol 2019; 10: 2306 [PMID: 31632397 DOI:
10.3389/fimmu.2019.02306]

Bhalla A, Alachkar N, Alasfar S. Complement-Based Therapy in the Management of Antibody-Mediated Rejection. Adv
Chronic Kidney Dis 2020; 27: 138-148 [PMID: 32553246 DOI: 10.1053/j.ackd.2019.12.002]

Redfield RR, Jordan SC, Busque S, Vincenti F, Woodle ES, Desai N, Reed EF, Tremblay S, Zachary AA, Vo AA,
Formica R, Schindler T, Tran H, Looney C, Jamois C, Green C, Morimoto A, Rajwanshi R, Schroeder A, Cascino MD,
Brunetta P, Borie D. Safety, pharmacokinetics, and pharmacodynamic activity of obinutuzumab, a type 2 anti-CD20
monoclonal antibody for the desensitization of candidates for renal transplant. Am J Transplant 2019; 19: 3035-3045
[PMID: 31257724 DOL: 10.1111/ajt.15514]

Levy RA, Gonzalez-Rivera T, Khamashta M, Fox NL, Jones-Leone A, Rubin B, Burriss SW, Gairy K, Maurik AV, Roth
DA. 10 Years of belimumab experience: What have we learnt? Lupus 2021; 30: 1705-1721 [PMID: 34238087 DOI:
10.1177/09612033211028653

Banham GD, Flint SM, Torpey N, Lyons PA, Shanahan DN, Gibson A, Watson CJE, O'Sullivan AM, Chadwick JA,
Foster KE, Jones RB, Devey LR, Richards A, Erwig LP, Savage CO, Smith KGC, Henderson RB, Clatworthy MR.
Belimumab in kidney transplantation: an experimental medicine, randomised, placebo-controlled phase 2 trial. Lancet
2018; 391: 2619-2630 [PMID: 29910042 DOI: 10.1016/S0140-6736(18)30984-X]

Schroder PM, Schmitz R, Fitch ZW, Ezekian B, Yoon J, Choi AY, Manook M, Barbas A, Leopardi F, Song M, Farris
AB, Collins B, Kwun J, Knechtle SJ. Preoperative carfilzomib and lulizumab based desensitization prolongs graft survival
in a sensitized non-human primate model. Kidney Int 2021; 99: 161-172 [PMID: 32898569 DOI:
10.1016/j.kint.2020.08.020]

Doberer K, Kldger J, Gualdoni GA, Mayer KA, Eskandary F, Farkash EA, Agis H, Reiter T, Reindl-Schwaighofer R,
Wahrmann M, Cohen G, Haslacher H, Bond G, Simonitsch-Klupp I, Halloran PF, Béhmig GA. CD38 Antibody
Daratumumab for the Treatment of Chronic Active Antibody-mediated Kidney Allograft Rejection. Transplantation 2021;

WIT | https://www.wjgnet.com 40 March 18,2022 | Volume12 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/29242250
https://dx.doi.org/10.1681/ASN.2017070818
http://www.ncbi.nlm.nih.gov/pubmed/31550069
https://dx.doi.org/10.1111/ajt.15613
http://www.ncbi.nlm.nih.gov/pubmed/28980446
https://dx.doi.org/10.1111/ajt.14528
http://www.ncbi.nlm.nih.gov/pubmed/30412654
https://dx.doi.org/10.1111/ajt.15175
http://www.ncbi.nlm.nih.gov/pubmed/28361123
https://dx.doi.org/10.1097/TXD.0000000000000653
http://www.ncbi.nlm.nih.gov/pubmed/31385933
https://dx.doi.org/10.1097/TP.0000000000002895
http://www.ncbi.nlm.nih.gov/pubmed/28199785
https://dx.doi.org/10.1111/ajt.14228
https://clinicaltrials.gov/ct2/show/NCT04561986
http://www.ncbi.nlm.nih.gov/pubmed/33443079
https://dx.doi.org/10.1681/ASN.2020071106
http://www.ncbi.nlm.nih.gov/pubmed/32538536
https://dx.doi.org/10.1111/ajt.15913
http://www.ncbi.nlm.nih.gov/pubmed/31895348
https://dx.doi.org/10.1097/TP.0000000000003095
http://www.ncbi.nlm.nih.gov/pubmed/32538535
https://dx.doi.org/10.1111/ajt.15859
http://www.ncbi.nlm.nih.gov/pubmed/28604384
https://dx.doi.org/10.1172/JCI90597
http://www.ncbi.nlm.nih.gov/pubmed/29870459
https://dx.doi.org/10.1097/TP.0000000000002267
http://www.ncbi.nlm.nih.gov/pubmed/31632397
https://dx.doi.org/10.3389/fimmu.2019.02306
http://www.ncbi.nlm.nih.gov/pubmed/32553246
https://dx.doi.org/10.1053/j.ackd.2019.12.002
http://www.ncbi.nlm.nih.gov/pubmed/31257724
https://dx.doi.org/10.1111/ajt.15514
http://www.ncbi.nlm.nih.gov/pubmed/34238087
https://dx.doi.org/10.1177/09612033211028653
http://www.ncbi.nlm.nih.gov/pubmed/29910042
https://dx.doi.org/10.1016/S0140-6736(18)30984-X
http://www.ncbi.nlm.nih.gov/pubmed/32898569
https://dx.doi.org/10.1016/j.kint.2020.08.020

Jaishideng®

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

Salvadori M et al. New immunosuppressants

105: 451-457 [PMID: 32235256 DOI: 10.1097/TP.0000000000003247]

Joher N, Matignon M, Grimbert P. HLA Desensitization in Solid Organ Transplantation: Anti-CD38 to Across the
Immunological Barriers. Front Immunol 2021; 12: 688301 [PMID: 34093594 DOI: 10.3389/fimmu.2021.688301]

Spica D, Junker T, Dickenmann M, Schaub S, Steiger J, Riifli T, Halter J, Hopfer H, Holbro A, Hirt-Minkowski P.
Daratumumab for Treatment of Antibody-Mediated Rejection after ABO-Incompatible Kidney Transplantation. Case Rep
Nephrol Dial 2019; 9: 149-157 [PMID: 31828078 DOI: 10.1159/000503951]

Feng X, Zhang L, Acharya C, An G, Wen K, Qiu L, Munshi NC, Tai YT, Anderson KC. Targeting CD38 Suppresses
Induction and Function of T Regulatory Cells to Mitigate Immunosuppression in Multiple Myeloma. Clin Cancer Res
2017; 23: 4290-4300 [PMID: 28249894 DOI: 10.1158/1078-0432.CCR-16-3192]

Frampton JE. Inebilizumab: First Approval. Drugs 2020; 80: 1259-1264 [PMID: 32729016 DOI:
10.1007/s40265-020-01370-4]

Viela Bio. Safety and Tolerability of Inebilizumab, VIB4920, or the Combination in Highly Sensitized Candidates
Awaiting Kidney Transplantation from a Deceased Donor. [accessed 2019 Nov 22]. In: ClinicalTrials.gov [Internet].
Bethesda (MD): U.S. National Library of Medicine. Available from: https://clinicaltrials.gov/ct2/show/NCT04174677
ClinicalTrials.gov Identifier: NCT04174677

Eskandary F. Felzartamab in Late Antibody-Mediated Rejection (MOR202). [accessed 2021 Aug 25]. In:
ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library of Medicine. Available from:
https://clinicaltrials.gov/ct2/show/NCT05021484 ClinicalTrials.gov Identifier: NCT05021484

Sanofi. Safety, Tolerability and Activity of BIVV009 in Healthy Volunteers and Patients With Complement Mediated
Disorders (BIVV009-01). [accessed 2015 Jul 20]. In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library
of Medicine. Available from: https://clinicaltrials.gov/ct2/show/NCT02502903 ClinicalTrials.gov Identifier:
NCT02502903

Vo AA, Zeevi A, Choi J, Cisneros K, Toyoda M, Kahwaji J, Peng A, Villicana R, Puliyanda D, Reinsmoen N, Haas M,
Jordan SC. A phase I/II placebo-controlled trial of C1-inhibitor for prevention of antibody-mediated rejection in HLA
sensitized patients. Transplantation 2015; 99: 299-308 [PMID: 25606785 DOI: 10.1097/TP.0000000000000592]
Montgomery RA, Orandi BJ, Racusen L, Jackson AM, Garonzik-Wang JM, Shah T, Woodle ES, Sommerer C, Fitts D,
Rockich K, Zhang P, Uknis ME. Plasma-Derived C1 Esterase Inhibitor for Acute Antibody-Mediated Rejection Following
Kidney Transplantation: Results of a Randomized Double-Blind Placebo-Controlled Pilot Study. Am J Transplant 2016;
16: 3468-3478 [PMID: 27184779 DOI: 10.1111/ajt.13871]

CSL Behring. Efficacy and Safety of Human Plasma-derived Cl-esterase Inhibitor as add-on to Standard of Care for the
Treatment of Refractory Antibody Mediated Rejection (AMR) in Adult Renal Transplant Recipients. [accessed 2017 Jul
19]. In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library of Medicine. Available from:
https://clinicaltrials.gov/ct2/show/NCT03221842 ClinicalTrials.gov Identifier: NCT03221842

Takeda. A Multicenter Study to Evaluate the Efficacy and Safety of Cinryze® for the Treatment of Acute Antibody-
mediated Rejection in Participants With Kidney Transplant. [accessed 2015 Sep 11]. In: ClinicalTrials.gov [Internet].
Bethesda (MD): U.S. National Library of Medicine. Available from: https://clinicaltrials.gov/ct2/show/NCT02547220
ClinicalTrials.gov Identifier: NCT02547220

Locke JE, Magro CM, Singer AL, Segev DL, Haas M, Hillel AT, King KE, Kraus E, Lees LM, Melancon JK, Stewart
ZA, Warren DS, Zachary AA, Montgomery RA. The use of antibody to complement protein C5 for salvage treatment of
severe antibody-mediated rejection. Am J Transplant 2009; 9: 231-235 [PMID: 18976298 DOI:
10.1111/5.1600-6143.2008.02451.x]

Kocak B, Arpali E, Demiralp E, Yelken B, Karatas C, Gorcin S, Gorgulu N, Uzunalan M, Turkmen A, Kalayoglu M.
Eculizumab for salvage treatment of refractory antibody-mediated rejection in kidney transplant patients: case reports.
Transplant Proc 2013; 45: 1022-1025 [PMID: 23622614 DOIL: 10.1016/j.transproceed.2013.02.062]

Ghirardo G, Benetti E, Poli F, Vidal E, Della Vella M, Cozzi E, Murer L. Plasmapheresis-resistant acute humoral
rejection successfully treated with anti-C5 antibody. Pediatr Transplant 2014; 18: E1-ES [PMID: 24266980 DOI:
10.1111/petr.12187]

Tan EK, Bentall A, Dean PG, Shaheen MF, Stegall MD, Schinstock CA. Use of Eculizumab for Active Antibody-
mediated Rejection That Occurs Early Post-kidney Transplantation: A Consecutive Series of 15 Cases. Transplantation
2019; 103: 2397-2404 [PMID: 30801549 DOI: 10.1097/TP.0000000000002639]

Glotz D, Russ G, Rostaing L, Legendre C, Tufveson G, Chadban S, Grinyo6 J, Mamode N, Rigotti P, Couzi L, Biichler M,
Sandrini S, Dain B, Garfield M, Ogawa M, Richard T, Marks WH; C10-002 Study Group. Safety and efficacy of
eculizumab for the prevention of antibody-mediated rejection after deceased-donor kidney transplantation in patients with
preformed donor-specific antibodies. Am J Transplant 2019; 19: 2865-2875 [PMID: 31012541 DOI: 10.1111/ajt.15397]
Jordan SC, Lorant T, Choi J, Kjellman C, Winstedt L, Bengtsson M, Zhang X, Eich T, Toyoda M, Eriksson BM, Ge S,
Peng A, Jarnum S, Wood KJ, Lundgren T, Wennberg L, Backman L, Larsson E, Villicana R, Kahwaji J, Louie S, Kang A,
Haas M, Nast C, Vo A, Tufveson G. IgG Endopeptidase in Highly Sensitized Patients Undergoing Transplantation. N Engl
J Med 2017; 377: 442-453 [PMID: 28767349 DOI: 10.1056/NEJMoal612567]

Ge S, Chu M, Choi J, Louie S, Vo A, Jordan SC, Toyoda M. Imlifidase Inhibits HLA Antibody-mediated NK Cell
Activation and Antibody-dependent Cell-mediated Cytotoxicity (ADCC) In Vitro. Transplantation 2020; 104: 1574-1579
[PMID: 32732834 DOI: 10.1097/TP.0000000000003023]

Jordan SC, Legendre C, Desai NM, Lorant T, Bengtsson M, Lonze BE, Vo AA, Runstrom A, Laxmyr L, Sjoholm K,
Schistt A, Sonesson E, Wood K, Winstedt L, Kjellman C, Montgomery RA. Imlifidase Desensitization in Crossmatch-
positive, Highly Sensitized Kidney Transplant Recipients: Results of an International Phase 2 Trial (Highdes).
Transplantation 2021; 105: 1808-1817 [PMID: 33093408 DOI: 10.1097/TP.0000000000003496]

Kjellman C, Maldonado AQ, Sjéholm K, Lonze BE, Montgomery RA, Runstrom A, Lorant T, Desai NM, Legendre C,
Lundgren T, von Zur Miihlen B, Vo AA, Olsson H, Jordan SC. Outcomes at 3 years posttransplant in imlifidase-
desensitized kidney transplant patients. Am J Transplant 2021; 21: 3907-3918 [PMID: 34236770 DOI: 10.1111/ajt.16754]

WIT | https://www.wjgnet.com 41 March 18,2022 | Volume12 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/32235256
https://dx.doi.org/10.1097/TP.0000000000003247
http://www.ncbi.nlm.nih.gov/pubmed/34093594
https://dx.doi.org/10.3389/fimmu.2021.688301
http://www.ncbi.nlm.nih.gov/pubmed/31828078
https://dx.doi.org/10.1159/000503951
http://www.ncbi.nlm.nih.gov/pubmed/28249894
https://dx.doi.org/10.1158/1078-0432.CCR-16-3192
http://www.ncbi.nlm.nih.gov/pubmed/32729016
https://dx.doi.org/10.1007/s40265-020-01370-4
https://clinicaltrials.gov/ct2/show/NCT04174677
https://clinicaltrials.gov/ct2/show/NCT05021484
https://clinicaltrials.gov/ct2/show/NCT02502903
http://www.ncbi.nlm.nih.gov/pubmed/25606785
https://dx.doi.org/10.1097/TP.0000000000000592
http://www.ncbi.nlm.nih.gov/pubmed/27184779
https://dx.doi.org/10.1111/ajt.13871
https://clinicaltrials.gov/ct2/show/NCT03221842
https://clinicaltrials.gov/ct2/show/NCT02547220
http://www.ncbi.nlm.nih.gov/pubmed/18976298
https://dx.doi.org/10.1111/j.1600-6143.2008.02451.x
http://www.ncbi.nlm.nih.gov/pubmed/23622614
https://dx.doi.org/10.1016/j.transproceed.2013.02.062
http://www.ncbi.nlm.nih.gov/pubmed/24266980
https://dx.doi.org/10.1111/petr.12187
http://www.ncbi.nlm.nih.gov/pubmed/30801549
https://dx.doi.org/10.1097/TP.0000000000002639
http://www.ncbi.nlm.nih.gov/pubmed/31012541
https://dx.doi.org/10.1111/ajt.15397
http://www.ncbi.nlm.nih.gov/pubmed/28767349
https://dx.doi.org/10.1056/NEJMoa1612567
http://www.ncbi.nlm.nih.gov/pubmed/32732834
https://dx.doi.org/10.1097/TP.0000000000003023
http://www.ncbi.nlm.nih.gov/pubmed/33093408
https://dx.doi.org/10.1097/TP.0000000000003496
http://www.ncbi.nlm.nih.gov/pubmed/34236770
https://dx.doi.org/10.1111/ajt.16754

7

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5500/ wijt.v12.i3.42

World Journal of
Transplantation

World | Transplant 2022 March 18; 12(3): 42-54

ISSN 2220-3230 (online)

MINIREVIEWS

New onset hypertension after transplantation

Mahmoud Nassar, Nso Nso, Sofia Lakhdar, Ravali Kondaveeti, Chandan Buttar, Harangad Bhangoo,
Mahmoud Awad, Naveen Siddique Sheikh, Karim M Soliman, Most Sirajum Munira, Farshid Radparvar,

Vincent Rizzo, Ahmed Daoud

Specialty type: Medicine, general
and internal

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Nemcsik J

Received: June 7, 2021
Peer-review started: June 7, 2021
First decision: July 28, 2021
Revised: August 14, 2021
Accepted: February 19, 2022
Article in press: February 19, 2022
Published online: March 18, 2022

Jaishideng®

WJT | https://www.wjgnet.com 42

Mahmoud Nassar, Nso Nso, Sofia Lakhdar, Ravali Kondaveeti, Chandan Buttar, Harangad
Bhangoo, Vincent Rizzo, Department of Medicine, Icahn School of Medicine at Mount Sinai
(NYC Health and Hospitals: Queens), New York, NY 11432, United States

Mahmoud Awad, Department of Medicine, The Memorial Souad Kafafi University Hospital, 6th
of October - Giza 0000, Egypt

Naveen Siddique Sheikh, Department of Physiology, CMH Lahore Medical College and
Institute of Dentistry, Lahore - Punjab 0000, Pakistan

Karim M Soliman, Department of Medicine, Medical University of South Carolina, Charleston,
SC 29425, United States

Most Sirajum Munira, Farshid Radparvar, Division of Cardiology, Department of Medicine,
Icahn School of Medicine at Mount Sinai (NYC Health and Hospitals: Queens), New York, NY
11432, United States

Ahmed Daoud, Department of Medicine, Kasr Alainy Medical School, Cairo University, Cairo
11211, Egypt

Corresponding author: Ahmed Daoud, MBChB, MD, MSc, PhD, Lecturer, Staff Physician,
Department of Medicine, Kasr Alainy Medical School, Cairo University, Kasr Alainy Street,
Cairo 11211, Egypt. ahmed.daoud84(@yahoo.com

Abstract

It has been reported that up to 90% of organ transplant recipients have suboptimal
blood pressure control. Uncontrolled hypertension is a well-known culprit of
cardiovascular and overall morbidity and mortality. In addition, rigorous control
of hypertension after organ transplantation is a crucial factor in prolonging graft
survival. Nevertheless, hypertension after organ transplantation encompasses a
broader range of causes than those identified in non-organ transplant patients.
Hence, specific management awareness of those factors is mandated. An in-depth
understanding of hypertension after organ transplantation remains a debatable
issue that necessitates further clarification. This article provides a comprehensive
review of the prevalence, risk factors, etiology, complications, prevention, and
management of hypertension after organ transplantation.
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Core Tip: This article provides a comprehensive review of the prevalence, risk factors, etiology, complic-
ations, prevention and management of hypertension after organ transplantation.
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INTRODUCTION

The systolic blood pressure of more than 130 mmHg or diastolic blood pressure of above 80 mmHg
leads to the development of hypertension requiring medical management via antihypertensive
medications[1]. The primary and secondary blood pressure elevations potentially increase the risk of
various cardiovascular complications. Secondary hypertension develops under the impact of several
morbidities and comorbidities. Organ transplantation based on heart, kidney, lung, bone marrow, and
liver predisposes 70%-90% of the treated patients to hypertension that potentially impacts their overall
survival[2]. The development of posttransplant hypertension also leads to graft-related complications.
The systematic prevention and control of organ transplant-related hypertension are paramount to
reducing the risk of morbidity/mortality. This review elaborates on the complications, etiology, risk
factors, prevalence, incidence, and medical management of hypertension occurring after organ
transplantation.

KIDNEY TRANSPLANTATION

Most of renal transplant recipients are already hypertensive before transplant. The prevalence of
hypertension in end stage renal disease is around 70%-80%. Hypertension improves in some patients
after renal transplantation with the improvement of the renal functions, many patients continue to have
renal transplantation related hypertension after transplantation[3].

The renal transplantation-related hypertension prevalence among 47%-82% of children and 50%-80%
adults potentially deteriorate their prognostic outcomes. However, the variations in hypertension
prevalence between the patient populations potentially deteriorate their medical management and
treatment outcomes. More than 27.6% of patients experience hypertension within one year of their
organ transplantation. The utilization of immunosuppressants, organ rejection, graft dysfunction, long
surgery duration, and advanced donor age are the significant factors that increase the risk of organ
transplantation-related hypertension[4]. Other predisposing factors include post-biopsy arteriovenous
fistula, post-transplantation glomerulonephritis/renal artery stenosis, and family history of
hypertension among organ donors[5].

HEART TRANSPLANTATION

Seventy percent of patients who receive heart transplants experience hypertension and its clinical
complications[6]. The elderly hypertensive patients with heart transplant status often experience a
marked reduction in estimated glomerular filtration rate and elevation in serum creatinine levels. The
findings by United Network for Organ Sharing database indicate hypertension predisposition among
heart transplant recipients with age sixty years or above compared to other age groups[7]. The clinical
studies reveal a reduction in hypertension incidence among patients who undergo heterotrophic cardiac
transplants[8]. The patients who receive an orthotopic heart transplant, however, experience a high risk
for hypertension. The obese patients undergoing heart transplantation also remain highly predisposed
to hypertensive heart disease. The dependence on steroids, calcineurin inhibitors, and other
immunosuppressants further increase the risk of hypertension among heart transplant recipients.
Medical literature correlates 70%-90% incidence of hypertension with the use of calcineurin inhibitors
among heart transplant patients[9].
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LUNG TRANSPLANTATION

A reportable number of patients develop new-onset/episodic hypertension after undergoing lung
transplantation. Medical literature confirms the cumulative prevalence of new-onset hypertension
among 45% (at one year), 56% (at two years), and 63% (at three years) of lung transplant recipients.
These patients frequently develop comorbidities, including diabetes mellitus and hypercholesterolemia
[10]. The lung transplant patients who receive cyclosporine treatment or encounter blood pressure
elevation (before transplant) also develop hypertension in many clinical scenarios[11].

LIVER TRANSPLANTATION

Liver transplantation is the gold standard in a patient with end-stage liver disease. Immunosuppressive
therapy is required to reduce rejection after transplantation[12]. Unfortunately, more than half of the
liver transplant patients develop hypertension that impacts their prognosis and treatment outcomes six
months after surgery. In addition, post-transplant hypertension develops among liver transplant
patients based on their calcineurin inhibitor/steroid use, family history of hypertension, obesity, and
older age. However, the tacrolimus use, and race of liver transplantation patients do not increase their
risk for episodic hypertension[13].

BONE MARROW TRANSPLANTATION

Approximately 2.4% of bone marrow transplant recipients develop pulmonary hypertension that
potentially deteriorates their quality of life, life expectancy, and quality-adjusted life-years[14]. The
progressive elevation in pulmonary vascular resistance often triggers right ventricular dysfunction and
mortality among bone marrow transplant patients. Hemopoietic cell transplantation among adults and
children predisposes them to systemic hypertension during the initial two years of their recovery. Sixty-
one percent of adults/children experience new-onset hypertension within one month of their
hemopoietic cell transplant[15,16].

Etiology

The surgical interventions, immunosuppressive therapy/immune system deterioration, and
recipient/donor factors potentially impact the hypertension etiology in patients with organ transplant
status.

Donor factors

Hypertension among organ transplant patients also develops under the impact of deceased donor renal
graft[17]. Medical literature provides inclusive findings concerning the impact of donor hypertension on
the hypertension predisposition of organ transplant patients; however, it independently increases the
risk for renal allograft failure[18]. The donor's age often determines the post-transplant hypertension
risk of the organ transplant candidates[19]. The kidney transplant patients whose donors exhibit a
history of familial hypertension experience ten times greater risk of blood pressure elevation than the
patients whose donors do not report a family history of hypertension[12]. The differences between the
donors' age and body surface area and their organ recipients also predispose them to episodic
hypertension. The nephron underdosing due to reduced recipient/donor body weight ratio potentially
triggers chronic inflammation among organ transplant patients, which eventually predisposes them to
diabetes mellitus, post-transplant hypertension, and chronic rejection of transplanted organs[20].

Recipient factors

The clinical studies provide inconclusive evidence concerning the impact of behavioral patterns of organ
transplant patients on their hypertension predisposition. However, alcohol consumption, smoking, salt
intake, and obesity deteriorate the clinical outcomes of organ transplant patients and increase their risk
of hypertension compared to the general population. The organ transplant candidates with pret-
ransplant hypertension and obesity experience a high risk of posttransplant hypertension[17-22]. Stable
kidney transplant patients with hypovolemia experience a high risk of elevated mean arterial/
diastolic/systolic blood pressures[23]. Post-transplant hypertension also develops under the impact of
comorbidities (including endocrine tumors and obstructive sleep apnea) and the age of the recipients.

Transplant renal artery stenosis

The development of transplant renal artery stenosis (TRAS) under the impact of renal artery stenosis
reduces the vascular supply to the allograft. TRAS triggers hypertension among 1%-5% of renal
transplant recipients[24,25]. The initial six months to two years after organ transplant predispose the
treated patients to TRAS-related complications[26]. TRAS manifests with transplant dysfunction,
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water/salt retention, renal function deterioration, and refractory hypertension. The organ transplant
patients eventually experience acute pulmonary edema and hypertensive crisis[26]. TRAS-induced
hypoperfusion triggers renin-angiotensin-aldosterone system (RAAS) that potentiates renovascular
hypertension in patients with organ transplant status[26]. The potential causes of transplant renal artery
stenosis include immune-mediated endothelial deterioration, recipient/donor artery trauma, suturing
techniques, donor artery atheroma, and renal artery lesions[27]. TRAS assessment relies on conventional
angiography; however, TRAS correction and enhancement of blood pressure/renal perfusion warrants
renal vascularization via PCTA (percutaneous transluminal coronary angioplasty)[26].

Acute rejection and chronic allograft injury
Hypertensive crisis in organ transplant patients correlates with acute and chronic allograft injury.
However, clinical studies provide inconclusive evidence concerning a causal relationship between
hypertension and allograft deterioration[22].

Acute rejection

The cases of acute organ rejection warrant diagnostic assessment concerning post-transplant
hypertension. The therapeutic management of acute organ rejection often corrects the systolic and
diastolic blood pressure elevations in organ transplant patients. These outcomes substantiate the acute
organ rejection attribution of hypertension in organ transplant scenarios[22].

Chronic graft injury

The chronic renal allograft injury emanates from recurrent glomerular disease, thrombotic microan-
giography, tubular atrophy, interstitial fibrosis, and chronic antibody-mediated organ rejection. The
focal segmental glomerulosclerosis predominantly associates with hypertension in patients with organ
transplant status. The current body of evidence provides inconclusive evidence concerning the cause-
and-effect relationship between renal allograft dysfunction and hypertensive crisis among organ
transplant patients. However, the findings from a preclinical study advocate the potential of
hypertension to cause allograft deterioration in organ transplant scenarios[28].

Immunosuppressive drugs
The toxic effects of immunosuppressive drugs often elevate the risk of hypertension among organ
transplant patients.

Steroids

The organ rejection prevention protocol concerning transplantation scenarios relies on the systematic
administration of methylprednisolone and prednisone. Corticosteroid maintenance therapy potentially
triggers a range of morbidities and comorbidities among patients with organ transplant status. It also
increases their risk of hypertension to multiple folds. A plausible mechanism concerning steroid-
induced hypertension attributes to volume expansion/sodium retention due to mineralocorticoid
receptor overstimulation in organ transplant patients. The exclusion of steroids from the immunosup-
pressive therapy to mitigate the risk of hypertension could, however, trigger organ rejection and its fatal
complications. A recently reported meta-analysis confirmed a 48% incidence of acute organ rejection in
patients who did not receive steroids with their immunosuppressive therapies compared to 30% organ
rejection incidence among patients who received steroid-controlled immunosuppressive treatments[29].

Calcineurin inhibitors

The multifactorial characteristics of calcineurin inhibitor-induced hypertension are widely debated in
the medical literature. The calcineurin inhibitors impact the function of the sodium-potassium
pump/sympathetic nervous system and vascular tone that eventually triggers a hypertensive crisis in
patients with organ transplants. They further induce nitric oxide metabolism by triggering nicotinamide
adenine dinucleotide phosphate oxidase-induced angiotensin-II release in the context of intrarenal
renin-angiotensin system activation[30]. Furthermore, renal/systemic vasoconstriction often develops
under the impact of cyclosporine therapy[31]. The endothelial receptor type A across preglomerular
arteries triggers endothelin production that eventually leads to renal vasoconstriction in organ
transplant recipients[29,32]. The clinical studies demonstrated cardioprotective effects of tacrolimus
compared to cyclosporin in the setting of organ transplantation[33]. They also reveal the superiority of
tacrolimus over cyclosporin in controlling blood pressure elevations among organ transplant patients
[21]. Research evidence confirms blood pressure elevation in organ transplant recipients on cyclosporin
treatment after increasing their dietary sodium intake. This increase in blood pressure indicates the
incidence of sodium-dependent hypertension among patients after their organ transplantation[34].
However, the clinical studies do not provide conclusive evidence related to the sodium retaining effects
of calcineurin inhibitors in organ transplant scenarios[35]. However, the medical literature indicates the
potential of cyclosporin inhibitors in elevating the activity of sodium-potassium chloride/sodium
chloride cotransporters for maximizing sodium reabsorption in organ transplant patients[36]. The
clinical studies also emphasize the possibility of replacing calcineurin inhibitors with sirolimus based on
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its safety profile and least impact on the 24 h systolic blood pressures of patients with organ transplant
status.

PREVENTION MEASURES

Organ transplant-related hypertension prevention warrants the mitigation of risk factors that potentially
aggravate systolic and diastolic blood pressures in the treated patients. These risk factors include native
kidneys, donor hypertension, smoking, drug use, obstructive sleep apnea, and obesity[37,38]. The
findings from various clinical studies recommend lifestyle/behavioral modifications and weight
reduction strategies for organ transplant recipients to minimize their risk of postprocedural
hypertension. They also advocate the need for evaluating suprarenal masses based on their
hypertension attribution[39].

The long-term use of calcineurin inhibitors, including tacrolimus and cyclosporine among organ
transplant patients, clinically correlates with their hypertensive crises. The clinical studies reveal a
reduced impact of tacrolimus (compared to cyclosporine) on the blood pressure levels of organ
transplant patients[40]. The organ transplant recipients who receive tacrolimus also exhibit a limited
dependence on antihypertensive drugs for managing their blood pressure levels[37]. The clinicians
accordingly recommend tacrolimus over cyclosporine for the medical management of organ transplant
patients. The medical literature alternatively recommends the selective T-cell co-stimulation blocker
(Belatacept) to control T cell proliferation and cytokine production in renal transplant patients for
effectively managing their episodic hypertension[41].

The clinical studies further advocate the deleterious impact of corticosteroids on the blood pressure
management of organ transplant patients. They provide substantial evidence concerning the dose-
dependent relationship between corticosteroid utilization and hypertensive crisis in organ transplant
scenarios. The clinicians accordingly recommend minimal dosages of steroids (for example, 5 mg per
day dose of prednisone) to achieve long-term immunosuppression in organ transplant patients without
increasing their risk for episodic hypertension[42].

The worsening of hypertension in kidney transplant patients clinically correlates with their antibody-
mediated and acute cellular organ rejection[43]. The subsequent administration of immunosuppressive
therapy (based on thyroglobulin, immunoglobulins, and steroids for reversing organ rejection) further
exacerbates the hypertensive crisis[44]. These findings necessitate the development of comprehensive
treatment protocols to minimize hypertensive crisis without compromising the outcomes of
immunosuppressive therapies in organ transplantation scenarios.

The clinical studies reveal the impact of expanded criteria donor recipient status on worsening
cardiovascular complications and hypertensive crises in patients with organ transplant status[45].
Organ transplant patients prevalently develop diabetes, chronic rejection, and hypertension under the
impact of reduced donor/recipient body weight ratio[20]. Posttransplant hypertension also triggers
under the impact of aortorenal donor atheroma in various clinical scenarios[19]. The medical literature
accordingly recommends selecting young and normal-weight donors without a confirmed diagnosis of
hypertension or atherosclerosis to minimize the risk of hypertension among organ transplant patients.

A range of genetic factors contributes to the development of hypertensive crises in organ transplant
patients. The presence of apolipoprotein L-1 variants in deceased African American donors potentiates
early graft dysfunction and eventual blood pressure elevation in the recipients of transplanted organs.
The polymorphisms in CYP3A5, ABCC2, and ABC1 transporters further attribute to posttransplant
hypertension and poor graft survival in organ transplant scenarios[46,47]. The assessment of these
genetic mechanisms and factors is paramount to minimizing the risk of posttransplant hypertension
among organ transplant patients.

Post-transplant hypertension also develops under the impact of transplanted renal artery stenosis
following kidney transplantation[48]. The clinical studies reveal substantial improvements in blood
pressure levels of organ transplant patients after the medical management of their renal artery stenosis
[49]. These findings substantiate early diagnosis and therapeutic management of renal artery stenosis to
reduce the incidence of posttransplant hypertension and its critical complications.

The therapeutic management of posttransplant hypertension relies on the systematic administration
of calcium channel blockers, beta-blockers, and loop diuretics (for volume optimization). The normal-
ization of serum potassium levels and enhancement of kidney function of organ transplant patients
further depends on angiotensin receptor blockers and angiotensin-converting enzyme inhibitors[38].

The hypertension risk factors among liver transplant recipients include new-onset hepatic steatosis,
alcoholic cirrhosis, and rapamycin use[50]. These findings advocate the need for monitoring organ
transplant patients on mTOR inhibitor therapies to reduce their incidence of hypertensive crises.

The patients with allogenic hematopoietic stem cell/bone marrow transplant experience a high risk of
hypertension based on several factors including graft vs host disease, mycophenolate/calcineurin
inhibitor therapies, and lymphoma/Leukemia history[51]. Other hypertension predisposing factors
concerning stem cell transplant scenarios include serum creatinine elevation, sinusoidal obstruction
syndrome, amphotericin-B therapy, and the young age of the patients in pediatric hematopoietic stem
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cell transplant[15]. The clinical studies accordingly advocate consistent monitoring of the bone marrow
transplant patients based on their dependence on amphotericin-B, mycophenolate, and calcineurin
inhibitors.

DIAGNOSTIC PARAMETERS

The diagnostic assessment of hypertension in organ transplant scenarios relies on 24 h ambulatory/
home/ office blood pressure monitoring interventions. The office blood pressure assessment warrants
the recording of three consecutive blood pressure readings and calculation of their mean value. The
home blood pressure monitoring requires averaging two blood pressure readings obtained at home
within a tenure of 4 days. The 24 h ambulatory blood pressure assessment relies on averaging various
blood pressure readings obtained within a day's duration via a digital blood pressure monitor[1]. The 24
h blood pressure evaluation also helps categorize systolic/diastolic blood pressure levels based on their
reverse dipping, dipping, and non-dipping patterns.

The clinical studies emphasize marked differences between clinical blood pressure monitoring, home
blood pressure assessment, and ambulatory blood pressure monitoring. These studies also advocate the
requirement of practicing care and caution while measuring the blood pressure levels of organ
transplant patients. The clinical findings prioritize the use of ambulatory blood pressure monitoring for
investigating the occurrence of whitecoat/masked/nocturnal hypertension to rule out the risk of
cardiovascular complications[52].

The medical literature reveals a substantial increase in night-time systolic blood pressure following
kidney transplantation[53]. The 24 h ambulatory blood pressure monitoring effectively tracks nocturnal
blood pressure variations in organ transplant patients[54]. This blood pressure evaluation approach is
the method of choice for tracking posttransplant hypertension and is recommended over home/ office
blood pressure monitoring interventions[55].

The diagnostic affirmation of posttransplant hypertension thoroughly relies on the appropriate use of
blood pressure recording interventions. The blood pressure monitored at the physician's office may not
give an accurate outcome based on the risk of masked/whitecoat hypertension and circadian
variation/diurnal rhythm. Masked hypertension could increase the risk of native kidney disease among
renal transplant patients[56]. However, clinical studies do not provide conclusive findings determining
the impact of masked hypertension on the outcomes of renal transplant patients. These diagnostic
intricacies warrant the use of automated electronic devices for blood pressure monitoring to minimize
the risk of masked hypertension and the whitecoat effect in organ transplant scenarios[57].

The medical literature advocates optimizing blood pressure cutoff limits to accurately identify the
existence or absence of hypertension and initiate antihypertensive therapies for organ transplant
patients. The diagnostic parameters for assessing hypertension in posttransplant scenarios rely on the
following parameters[4]: Office blood pressure reading of greater than 140/90 mmHg.

An ambulatory blood pressure reading of greater than 135/85 mmHg (awake state) and 120/70
mmHg (sleeping state) The recommendations by KDIGO (Kidney Disease Improving Global Outcomes)
advocate the need to administer antihypertensive therapies to kidney transplant patients following their
blood pressure elevation above 130/80 mmHg[58].

MAJOR COMPLICATIONS

Approximately 50%-80% of adult organ transplant recipients develop hypertension and its clinical
complications. The past medical history of hypertension further increases the incidence of post-
transplant hypertension. Additionally, the old age of donors, elevated body mass index, male gender,
and African American race include the significant demographic factors attributing to the development
of hypertension among organ transplant patients[43].

Types of complications

Medical literature reports a 50% prevalence of hypertensive among patients with organ transplant
status[43]. Posttransplant hypertension predominantly triggers graft dysfunction and cardiovascular
events in organ transplant patients that eventually lead to their renal failure. The cardiovascular
complications related to posttransplant hypertension include coronary artery disease and congestive
heart failure. Uncontrolled hypertension in the setting of kidney transplants potentially disrupts
cardiorenal outcomes by impacting the overall functions of the heart and renal allograft[21,59].

Cardiovascular complications due to post-transplant hypertension

The recipients of kidney transplants experience a 3%-5% incidence of non-fatal/fatal cardiovascular
episodes. They further experience a 50-fold predisposition to cardiorenal complications compared to the
general population[60]. Posttransplant mortality often attributes to critical cardiovascular complications
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emanating from hypertensive crises. The cardiovascular compromise develops under the impact of
posttransplant hypertension and elevates the incidence of morbidity /mortality among the treated
patients. The cardiovascular episodes attribute to forty percent of patient deaths in the setting of a
kidney transplant[4]. The predominant cardiovascular complications emanating from posttransplant
hypertension include stroke, arterial narrowing, coronary artery disease, congestive heart failure, and
ischemic heart disease. The kidney transplant scenarios also report a high incidence of diastolic
dysfunction, left atrial enlargement and left ventricular hypertrophy. Heart failure with decreased left
ventricular ejection fraction potentially increases the mortality risk among organ transplant patients.
The clinical studies reveal a strong association between nocturnal hypertension and left ventricular
hypertrophy in various organ transplant scenarios[4].

Graft dysfunction due to post-transplant hypertension

The graft dysfunction in posttransplant scenarios predominantly develops under the impact of
hypertensive crisis. The deterioration in renal function also correlates with blood pressure elevation in
the setting of organ transplants. The renal allograft injury triggered by posttransplant hypertension-
induced kidney failure further aggravates episodic hypertension and its potential manifestations[43].
The clinical studies continue to examine the relationship between independent allograft survival and
blood pressure levels of organ transplant patients.

The retrospective study by Opelz et al[61] (1998) based on 29571 renal transplant recipients revealed
the adverse impact of posttransplant hypertension on the renal allograft injury patterns[61]. Another
clinical study indicated improvements in cardiovascular mortality and renal allograft function after
therapeutic management of systolic blood pressure of patients within 1-3 years of their kidney
transplantation[22]. The study outlined positive clinical outcomes in organ transplant recipients with a
marked reduction in systolic blood pressure (below 140 mmHg).

A clinical study revealed improvements in renal transplant survival rates among patients with
reduced diastolic pressures (ranging between 89-99 mmHg). The study findings advocated the need for
monitoring mean arterial/diastolic/systolic blood pressures of the renal transplant patients until one
year after transplantation to enhance their allograft survival. The study outcomes further correlated the
risk of allograft failure for every 10 mmHg diastolic/systolic blood pressure elevation[61]. The clinical
studies also indicate blood pressure reduction is a protective factor for kidney transplant recipients
during the initial year of their recovery[4,22]. The evidence-based findings clinically correlate graft
failure/chronic allograft nephropathy, renal failure, and cardiovascular compromise with
posttransplant hypertension. Organ transplant patients with hypertension accordingly experience a
high risk of morbidity and mortality[61].

MEDICAL MANAGEMENT

The treatment guidelines for managing posttransplant hypertension do not differ from the therapeutic
protocols adopted for treating hypertension/blood pressure elevation among patients with a high risk
for cardiovascular complications (Table12-3). The clinical studies reveal the impact of
diabetes/ proteinuria and cardiovascular conditions on the blood pressure elevation in organ transplant
patients. The maintenance of systolic/diastolic blood pressure below 140/90 mmHg is highly necessary
to reduce the risk of posttransplant hypertensive crisis. The multifactorial origin of posttransplant
arterial hypertension in renal transplant cases warrants its systematic monitoring and medical
management. Posttransplant hypertension/hypertensive crisis further intensifies under the impact of
allograft nephropathy and immunosuppressive therapies. The diagnostic interventions to track and
evaluate the causative factors of posttransplant hypertension include assessing 24 h urinary sodium,
proteinuria, 24 h urine clearance, renal function tests, and hepatic panel. The candidates for kidney
transplantation qualify for renal ultrasound in the context of evaluating their urinary tract blockage and
renal artery stenosis.

The pretransplant hypertension of kidney transplant recipients warrant antihypertensive therapy.
The clinical studies reveal rare cases (concerning kidney transplantation) that achieve normotensive
status in the absence of antihypertensive therapy. These outcomes necessitate pharmacological
management of hypertension of kidney transplant patients to reduce the risk of their cardiovascular
complications[22]. The non-pharmacological approaches for hypertension management in kidney
transplant scenarios rely on lifestyle modification, stress reduction, weight management, smoking
cessation, low-salt diet, and exercise management. Clinical studies need to explore the complex
interplay between pharmacodynamics and pharmacokinetics of antihypertensive medications to
optimize their use in organ transplant scenarios. They also need to investigate drug-drug interactions
and their impact on comorbidities and hypertension management of organ transplant patients[62].

The renal transplant scenarios report a high incidence of hypertension emanating from corticosteroid
therapy. The novel organ transplantation protocols advocate the exclusion of corticosteroid treatment to
minimize the risk of hypertensive crises or episodic hypertension[22]. However, the clinical studies
provide inconclusive evidence concerning the discontinuation timings of steroid therapies for renal
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Table 1 Management for hypertension following renal transplantation

Blood pressure

Interventions Comments

management

Non-pharmacological Dietary sodium restriction; Weight reduction; Exercise; Smoking

management cessation; Stress reduction

Pharmacological therapy Antihypertensive medications: -Diuretics; -Calcium channel blockers; -~ Medication choice depends on patient charac-
Beta-blockers; -Renin-angiotensin aldosterone system blockade; -Alphal teristics, adverse effects, tolerability
antagonists; -Alpha 2 agonists

Invasive interventions -Transplant renal artery angioplasty +/- stenting; -Continuous positive  -Transplant renal artery stenosis; -Obstructive
airway pressure; -Bilateral native nephrectomy; -Native renal sleep apnea; -Failed native kidney; -
denervation Sympathetic overactivity

Adjustment of Immunosup-  -Steroid withdrawal protocol; -Minimize dose of calcineurin inhibitors; - ~Other drugs that can be used: -MMF:

pressive Medication Replace CsA by using less hypertensive and less nephrotoxic drugs Mycophenolate mofetil; -Tacrolimus; -Sirolimus

Table 2 Target Blood pressure guideline for kidney transplant recipients

Medical Society/Guideline Recommended BP target

ACC/AHA[65]

JNIC 8 (2014)[66]

<130/80 mm Hg

Not defined

Kidney disease outcomes quality initiative (KDOQI)[67] -Goal of 125/75 mm Hg for transplant recipients with proteinuria. -Goal of 130/85 in the

absence of proteinuria

Kidney disease: Improving Global outcomes (KDIGO)[68] < 130/80

European Best Practice Guidelines for Renal Target BP <125/75 mm Hg in proteinuria patients

Transplantation 2002[19]

Canadian Society of Nephrology[69] Patients with significant proteinuria; Target Blood pressure is < 130/80 mm Hg
British Renal Association[70] <130/80 mm Hg

A reasonable target blood pressure is < 140/90 mmHg for transplant recipients who do not develop proteinuria. (Are you sure about the recommended

first line agents?)

Jaishideng®

transplant patients. The researchers continue to debate regarding the early or late withdrawal of steroid
treatments in organ transplant scenarios. Few clinical studies alternatively negate the contention related
to the impact of steroid therapies on the hypertensive crisis of organ transplant patients[37].

The medical literature provides some evidence concerning the need for manipulating the currently
deployed immunosuppressive therapies to optimize the hypertension management of patients with
organ transplant status. This belief reciprocates with the adverse impact of immunosuppressive
treatments on posttransplant hypertension. Clinical studies showed that cyclosporine increases the risk
of posttransplant hypertension compared to tacrolimus[63]. Furthermore, clinical studies also confirm a
marked reduction in systolic/diastolic blood pressures following the dose reduction of cyclosporine or
its replacement with tacrolimus in organ transplant scenarios[41]. These findings warrant investigation
concerning the hypertension induction effect of cyclosporine in organ transplant patients. The impact of
cyclosporine on renal sodium retention probably triggers vasoconstriction of glomerular arterioles
leading to posttransplant hypertension[43].

Posttransplant hypertension management primarily relies on first-line therapies based on
dihydropyridine calcium channel blockers since they effectively minimize calcineurin-induced vasocon-
striction. The beta-blocker therapies further improve the survival rate of organ transplant recipients
irrespective of their predisposition to cardiovascular complications[64]. The antihypertensive therapies
in organ transplant scenarios must exclude ACE (angiotensin-converting enzyme) inhibitors during the
initial 3-6 mo based on the risk of hyperkalemia, anemia, and reduction in glomerular filtration rate[2].

The medical literature provides evidence concerning the development of posttransplant hypertension
despite administering antihypertensive therapies. The evidence-based findings elaborate on the
necessity for renal arteriography to rule out renal artery stenosis in organ transplant patients. The
patients who develop more than 80% renal arterial stenosis qualify for percutaneous transluminal
angioplasty. Renal denervation is another viable therapy with the potential to manage refractory
hypertension in organ transplant scenarios[4].
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Table 3 Studies regarding the management of posttransplant hypertension

Study type  Title Ref. Intervention Outcome Conclusion

1 Four cross- Treatment of Kuxmiuk-  -Beta-blockers 80%); - Blood pressure controlled using BB The commonly used
sectional Hypertension in Glembin et Calcium channel blockers (43.9 controlled, 56.1 not controlled P monotherapy agents:-BB
Retrospective ~ Renal Transplant al[64], 2018  (53%); -Diuretics (37%); - = 0.007); -Number of antihyper- followed by CCB. -Use of
analysis Recipients in Four Alpha-blockers (35%); - tensive agents: 2.43 +/-1.3 ACE], diuretics, and alpha-

2 Randomized
controlled
trials systemic
review

3 Double-blind,
randomized,
placebo-
controlled
trial.

4 Prospective
Controlled
Trial

5 Prospective
Randomized
Trial

6 Retrospective
study

Independent Cross-
Sectional Analysis

Antihypertensive
treatment for kidney
transplant recipients

Angiotensin II
blockade in kidney
transplant recipients.

Converting-enzyme
inhibitor versus
calcium antagonist in
cyclosporine-treated
renal transplants

Randomized trial of
steroid withdrawal
in kidney recipients
treated with
mycophenolate
mofetil and
cyclosporine

Lack of long-term
benefits of steroid
withdrawal in renal
transplant recipients

Cross et al
[71], 2009

Ibrahim et
al[72], 2013

Mourad et
al[73], 1993

Pellitier et

al[74], 2006

Sivaram et
al[75], 2001

Angiotensin-converting
enzyme inhibitors (ACEi)
(32%); -ARB (7%)

60 studies involving 3802
recipients. -29 studies
(2262 participants)
compared calcium
channel blocker to
placebo/no treatment. -
10 studies (445
participants) compared
ACEi to placebo/no
treatment. -7 studies (405
participants) compared
CCB to ACEi

-The effect of losartan
compared to placebo and
initiated within three
months of transplantation

-6 mo after
transplantation, patients
were randomly allocated
to treatment by the
angiotensin-converting
enzyme inhibitor
lisinopril (ACEI, alone or
associated with
frusemide; n = 14), or the
calcium antagonist,
nifedipine (CA, alone or
associated with atenolol;
n=11)

-121 patients were
randomized either to
discontinue or remain on
steroids (60 patients per

group)

-Retrospective review
identified 58 patients
administered
cyclosporine,
azathioprine, and
prednisone who
underwent complete
steroid withdrawal

(controlled BP); 1.88 +/-1.5
(Uncontrolled BP) P < 0.001. -ACEI
&/ ARB: Yes: 57.1 (controlled, 42.9
(Uncontrolled); No ACEI/ ARB: 48
(Controlled), 52 (uncontrolled) P =
0.08

-CCB compared to placebo/no
treatment reduced graft loss (RR
0.75, 95%CTI: 0.57-0.99) and improved
glomerular filtration rate (GFR),
(MD, 4.45 mL/min, 95%ClI: 2.22-
6.68). -ACEi versus placebo/no
treatment were inconclusive for GFR
(MD -8.07 mL/min, 95%CI: -18.57-
2.43) and variable for graft loss,
precluding meta-analysis. -Direct
comparison with CCB, ACEi
decreased GFR (MD -11.48 mL/min,
95%CI: -5.75 to -7.21), proteinuria
(MD -0.28 g/24 h, 95%ClI: -0.47 to -
0.10), hyperkalaemia (RR 3.74,
95%ClI: 1.89-7.43)

Doubling of renal cortical volume -
Measure of interstitial
fibrosis/ tubular atrophy

-Before initiation of antihypertensive
therapy, the two groups had similar
mean arterial pressures and GFRs. -
Both ACEI and CA treatments were
associated with no change in renal
function, a similar change in mean
arterial pressure (ACEI -18 +/- 3; CA
-13 +/- 5 mm Hg), and identical
trough blood levels cyclosporine

There were no significant differences
in patient and graft survival rates at
1 year or at last follow-up
(approximate 3.7y). -Incidence of
acute and chronic rejection as well as
graft function were the same within
lyr

-Post-steroid withdrawal follow up:
7.6 +/-1.9 years; -9 patients
restarted therapy; 3 patients lost
their graft (2 of which are those who
restarted prednisone therapy). -2
died with functioning grafts

blockers was about the same. -
ARB therapy was least
utilized. -Significant increase
was observed in the mean
number of antihypertensive
drugs per patient in
subsequent years

CCB may be used as first-line
agents for hypertensive kidney
transplant recipients. ACEi
have few detrimental effects in
kidney transplant recipients

-Use of losartan tended to be
protective, with an odds ratio
(OR) of 0.39 (95%ClI: 0.13-1.15,
P =0.08). -Losartan had no
significant effect on time to a
composite of ESRD, death, or
doubling of creatinine level.
The mean time to doubling of
serum creatinine was longer in
the losartan group, compared
with placebo (1065 versus 450
d [hazard ratio (HR) 7.28,
95%ClI: 2.22-32.78])

In cyclosporine-treated
transplant recipients,
satisfactory control of
hypertension was obtained by
ACEIs based on their potential
to minimize arterial pressures

Steroid withdrawal in low-risk
kidney transplant recipients is
safe and ameliorates many of
the unwanted side effects of
steroid use

When prednisone dosage was
tapered from 10 mg/d to 10
mg every other day, clinically
significant improvements were
seen in weight, systolic and
diastolic blood pressures,
glycosylated hemoglobin
levels, and diabetes-related
outcomes
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CONCLUSION

Posttransplant hypertension increases the risk of graft-related complications in patients with a known
history of (pretransplant) hypertension. Steroids, cyclosporine, calcineurin inhibitors, and other
immunosuppressive drugs further increase the predisposition of organ transplant patients to
hypertension. Hemopoietic cell transplantation predominantly adds to the 2-year risk of systemic
hypertension in children and adults. The donor factors for episodic hypertension attributes to the
donors' age and body surface area. The recipient factors, however, include hypovolemia and pre-
existing comorbidities. TRAS-induced hypoperfusion triggers RAAS that potentiates renovascular
hypertension in organ transplant patients. Posttransplant hypertension is a significant cause of
cardiovascular complications and graft dysfunction. The 24 h blood pressure monitoring is, therefore,
necessary to effectively manage hypertensive crises in organ transplant recipients. The evaluation also
helps categorize systolic/ diastolic blood pressure levels based on their reverse dipping, dipping, and
non-dipping patterns.
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Abstract

Starzl’s nearly 3000 publications that contribute to the science of transplantation
in every field have been the most important resources for every scientist working
in this field. For those of us who work in the liver transplant field, his contri-
butions throughout his life have shaped our career and passion, even for those
who have never met, spoken to, or worked with him. If we are able to help
patients with liver failure today by offering them the chance of transplantation, it
is because of Starzl’s passionate work and efforts. Thanks to Starzl’s scientific
legacy, hundreds of scientists serve humanity and thousands of patients can hold
on to life. It has been an honor for us to write this article about Professor Starzl.

Key Words: Liver transplantation; Thomas Earl Starzl; Pioneer of liver transplantation
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Core Tip: Starzl’s nearly 3000 publications that contribute to the science of trans-
plantation in every field have been the most important resources for every scientist
working in this field. Thanks to Starzl’s scientific legacy, hundreds of scientists serve
humanity and thousands of patients can hold on to life thanks to this legacy. It has been
an honor for us to write this article about Professor Starzl.
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INTRODUCTION

Thomas Earl Starzl was born March 11, 1926, in LeMars, lowa[1]. He received his medical degree from
Northwestern University[1]. He worked at the University of Colorado as a surgeon from 1962 until
1981. Thomas Earl Starzl, MD, PhD, a surgeon who was a pioneer of liver transplantation (LT) died at
the age of 91 years on Saturday, March 4, 2017 at his home in Pittsburgh, Pennsylvania[l,2]. Starzl is
called “the Father of Modern Transplantation”[1-3]. Starzl’s death deeply saddened all liver transplant
surgeons around the world. A better understanding Professor Starzl, requires mentioning his biography
and the first liver transplant.

He performed the world’s first liver transplant in Denver on March 1, 1963 in a child, named Bennie
Solis[4,5]. Bennie Solis belonged to a Spanish American family, and suffered from biliary atresia.
Bennie’s donor was another child who died during open heart surgery. The donor was already on a
heart-lung machine for artificial circulation and the body temperature was cooled for organ preser-
vation until the family gave consent for donation of the liver. Starzl and colleagues had performed
nearly two hundred LTs in dogs. It took several hours just to make the incision and enter the abdominal
cavity. Dissection was very difficult due to high-pressure venous collaterals as a result of portal
hypertension. Previous operations resulted in highly vascularized and rough scar tissue that encased
the liver. Bennie also had severe coagulopathy. Pharmaceutical or other human-derived factors that
should have been used to prevent hemorrhage and deficiency of coagulation factor were not easily
available. Bennie bled to death as Starzl tried everything to stop the hemorrhage. The transplantation
could not be performed. Despite the fact that Bennie was three years old, he spent every day of his short
life in agony. When his wound was closed and his body was washed and prepared the surgical team
burst into tears. Starzl and his team remained in the operating room for a long time without saying a
word. Starzl has always stated “it was not the last time that I would see this scene, both in my dreams
and in reality”. Ever since, I have not heard anybody describe it as a case of Solis or the first human LT.

The efforts made during the process of initiating kidney transplants in research laboratories should
now be made for LT which is a more difficult procedure. The main lesson to be learned from Bennie
Solis’s surgery was dealing with the clotting problems in severe liver disease. An expert named Von
Kaulla who was working on the coagulation pathway at the time was recruited to the team. Von Kaulla
made important contributions such as the definition of fibrinolysis and recommending the use of
epsilon amino caproic acid and specific coagulation agents in LT[6]. Moreover, the prompt trans-
plantation of a well-functioning liver graft was essential.

After the first 7 unsuccessful liver transplants (5 were performed by Starzl), a voluntary moratorium
was declared that lasted for 3.5 years. Starzl then performed the first successful liver transplant in 1967
with long-term survival, after having experienced this battle many times and having been defeated in
each time[7]. An 19-mo-old girl named Julie Rodriguez underwent LT for hepatoblastoma. Julie lived
400 d and unfortunately passed away due to metastatic recurrence of her tumor.

In 1968, the liver transplant program at the University of Colorado was bolstered by the liver
transplant program initiated by Roy Calne at Cambridge University. Starzl particularly emphasized the
following statements “the fate of liver transplantation would depend on an unspoken transatlantic
alliance between Cambridge and Denver”. Calne has made undeniable contributions related to the use
of 6-mercaptopurine, azathioprine, and cyclosporine in transplantation[8,9].

Professor Starzl then went to the University of Pittsburgh which became the busiest transplant center
in the world. In 1996, the transplant institute was renamed in Starzl’s honor. Starzl combined
azathioprine and prednisone as a strategy that made renal allograft transplantation possible. He
repeated the same steroid strategy to improve the success of LT. Starzl pioneered the use of cyclosporine
in the 1970s and tacrolimus in the 1990s[10-12]. The success of these treatments has revolutionized all
organ transplants. Starzl performed baboon-to-human liver xenotransplantation in 1992[13]. This
patient lived 72 d. It was also a milestone for future generations. Thomas Starzl’s worked on organ
preservation, abdominal multi-visceral transplantation, chimerism or immunotolerance are all revolu-
tionary advances in the field of transplantation[14]. Thanks to his work, the National Institutes of
Health’s consensus report stated that liver transplant is now an acceptable treatment for end-stage liver
disease.

Special comment (Professor Sezai Yilmaz)

I would like to briefly talk about my story regarding Professor Starzl. In the last months of 1998, I was
assigned to University of Pittsburgh Medical Center (UPMC) as a visiting research fellow to initiate the
LT program at Inonu University as a general and gastrointestinal surgery specialist. The director of the
UPMC Thomas Starzl Transplantation Institute at that time was Professor John Fung. I received great
help from Professor John Fung and transplantation surgery fellow Dr Daniel Katz during the
registration and initial periods of my clinical work. This is how I met Starzl: Dr Vedat Kirimlioglu, my
colleague from Malatya Inonu University had come to Pittsburgh for a period of one month. We made
an appointment with Starzl’s secretary and went to visit him. It was actually a courtesy visit. Dr
Kirimlioglu presented embroidered copper gifts to Professor Starzl, which were local art items he had
brought from Turkey. I presented the dried apricots and pistachios that I planned to give to Starzl and
Fung on my way from Malatya. In his 2-storey wooden office located on Fifth Avenue, opposite UPMC

WIT | https://www.wjgnet.com 56 March 18,2022 | Volume12 | Issue3 |



T )

University of Pittsburgh N e

3601 Fith Avenu:

School of Medicine Pirsourgn Pemeyana 15213
Thomas E. Star=! Transplantation Institnre 12.848.3200

May 5, 1999

Richard L. Wechsler, M.D.

Editor, Digestive Diseases and Sciences
GI Laboratory

UPMC Presbyterian-University Hospital
200 Lothrop Street

Pittsburgh, PA 15213

Dear Richard:

Two Turkish surgeons visited me yesterday and left the
enclosed manuscripts which they said they were going to (or
perhaps already had) submit to Digestive Diseases and
Sciences. They asked me to look these papers over, which I
did. If I were asked to provide a formal review, I would
advise acceptance of both. Both appeared to describe
hitherto unreported conditions:

(1) A metastatic solitary fibrous mesothelioma (usual
mesothelioma is  pleural) with metastases,
apparently, the first such case in the
literature.

(2) The second manuscript describes a hepatic artery
aneurysm, caused by a choledochal cyst (also a
first). This patient, and the other one,
underwent successful surgical treatment. What
impressed me most about these manuscripts is how
well written they were, including quite erudite
discussions of the literature.

The only detail worth modifying would be the
nomenclature used to describe the resection in line 2 of
page 4 of the paper by Yilmaz et al. The term
“trisegmentectomy” is used for the resection (a

Transformring the Present — Discoveringlehe Futere

Yilmaz S et al. In memory of the father of LT

nomenclature that I introduced in 1975 (Starzl TE, Bell RH,
Beart RW, Putnam CW: Hepatic trisegmentectomy and other
liver resections. Surg Gynecol Obstet 141:429-437, 1975.)
In the sentences preceding and following the one in which
they used the term trisegmentectomy, the authors employ the
Couinaud segmental terminology to describe the location of
the tumor. The Couinaud segments are not the same as the 3
segments removed with trisegmentectomy. The mixture of
nomenclature will confuse the reader unless the meaning of
the term “trisegmentectomy” is made clear by citation. A
notation also should be added about which Couinaud segments
were included in the surgical specimen.

Dr. Yilmaz and Dr. Kirimlioglu seem to be quite bright
young men (37 and 45 years old respectively). I advised
them to try to see you personally before they leave
Pittsburgh. They will come to your office at 2 p.m.

Sincerely,
/C—:-VV\

Themas E. Starzl, M.D., Ph.D.
Professor of Surgery

TES:kb

DOI: 10.5500/wijt.v12.i3.55 Copyright © The Author(s) 2022.

Figure 1 Letter from Professor Starzl to the editor of Digestive Diseases and Sciences (original version).
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Presbyterian Hospital, he welcomed us with his secretary and his dog. We spent a very long and
pleasing time together that day. He offered us coffee. We even talked about the Bosnian War, which was
taking place in those years. Afterwards, we sat outside on the terrace and even took pictures there with
the three of us and his dog. Later, I stated that I had prepared two medical articles and wanted to get his
comments on them. Starzl took the printed-out articles and said he would evaluate them. We said
goodbye to him and left. Early the next day, while I was at my home, I received a phone call from
Starzl’s secretary who said that Starzl was waiting for me in the office at 1:00 pm. I was so surprised. I
quickly got ready and went first to the hospital and then to Starzl’s office. He greeted me again with a
smile and said that he liked my articles. He told me that I needed to make some corrections regarding
hepatectomy terminology. He gave me a letter and asked me to forward it to Richard Wechsler at the
Gastrointestinal Laboratory a few hundred yards away. I left after thanking him. The envelope was
open. The letter consisted of 2 separate pages and had 2 copies. He probably made a copy for me. It was
there that I learned that Richard L. Wechsler was the editor of Digestive Diseases and Sciences. When I
got to Wechsler’s office, he immediately accepted me. I realized that Starzl had already talked to
Wechsler about me. I handed him the letter and had a coffee then left. I read the letter line by line
without missing a word. I would like to summarize Starzl’s statements.

“Two Turkish surgeons visited me yesterday and left the enclosed manuscripts. They asked me to
review these papers, which I did. If I were asked to provide a formal review, I would advise acceptance
of both. Both appeared to describe hitherto unreported conditions (metastatic solitary fibrous tumor of
liver and hepatic artery aneurysm caused by choledochal cyst). Dr Yilmaz and Dr Kirimlioglu seem to
be quite bright young men (37 and 45 years old, respectively)” (Figure 1). Both these articles were
published in the first issue of Digestive Diseases and Sciences[15,16]. This was an unforgettable moment
for me and I was faced with the image of an exemplary scientist-mentor. Later, I met Starzl several times
while visiting his transplant ward and at interesting coffee shops in Pittsburgh during those years. I
have always seen his kind, loving and affectionate personality.

CONCLUSION

In conclusion, Professor Starzl’s nearly 3000 publications that contribute to the science of transplantation
in every aspect and has been the most important resources for every scientist working in this area. For
those of us who work in the liver transplant field, his lifetime contributions have defined our career and
passion. Even for those individuals who have never met, talked to, or worked with him are affected by
this work and efforts. If we can help patients with liver failure today by offering them the chance of LT,
this is because of the passionate work and efforts of Starzl. Thanks to Starzl’s scientific legacy, hundreds
of scientists serve humanity and thousands of patients can hold on to life. It has been an honor for us to
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write this article about Professor Starzl.
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Abstract

Autoimmune hepatitis is a chronic inflammatory disease of the liver that is
characterized by circulating autoantibodies and elevated serum globulin levels.
Liver transplantation may be required for patients with acute liver failure,
decompensated cirrhosis, and hepatocellular carcinoma. Recurrence is defined as
development of the same disease in the allograft following liver transplantation.
Autoimmune hepatitis recurs in 36%-68% of the recipients 5 years after liver
transplantation. De novo autoimmune hepatitis is the development of autoimmune
hepatitis like clinical and laboratory characteristics in patients who had
undergone liver transplantation for causes other than autoimmune hepatitis.
Diagnostic work up for recurrent and de novo autoimmune hepatitis is similar to
the diagnosis of the original disease, and it is usually difficult. Predniso(lo)ne with
or without azathioprine is the main treatment for recurrent and de novo
autoimmune hepatitis. Early diagnosis and treatment are vital for patient
prognosis because de novo autoimmune hepatitis and recurrent autoimmune
hepatitis cause graft loss and result in subsequent retransplantation if medical
treatment fails.

Key Words: Liver transplantation; Autoimmune hepatitis; Recurrence autoimmune
hepatitis; De novo autoimmune hepatitis
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Core Tip: Autoimmune hepatitis is a chronic inflammatory disease of the liver that is characterized by
circulating autoantibodies and elevated serum globulin levels. Liver transplantation may be required for
patients with acute liver failure, decompensated cirrhosis, and hepatocellular carcinoma. De novo
autoimmune hepatitis and recurrent autoimmune hepatitis are known causes of late graft dysfunction
following liver transplantation which should be included in the differential diagnosis.

Citation: Harputluoglu M, Caliskan AR, Akbulut S. Autoimmune hepatitis and liver transplantation: Indications,
and recurrent and de novo autoimmune hepatitis. World J Transplant 2022; 12(3): 59-64
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INTRODUCTION

Autoimmune hepatitis is a chronic inflammatory disease of the liver that is characterized by circulating
autoantibodies and elevated serum globulin levels. This disease may manifest as elevated liver transam-
inases, acute hepatitis, cirrhosis or acute liver failure[1]. Autoimmune hepatitis is classified into types 1
and 2. Patients with positive antinuclear antibody (ANA) and/or anti-smooth muscle antibody (anti-
SMA) are classified as type 1, whereas type 2 is defined by the presence of anti-liver-kidney microsomal
type 1 antibody (anti-LKM-1) or anti-liver cytosol type 1 antibody (anti-LC-1) positivity. Autoimmune
hepatitis is mainly treated with immunosuppressive drugs such as glucocorticoids and azathioprine
(AZA). In this review, indications for liver transplantation in patients with autoimmune hepatitis and
the diagnosis and treatment of recurrent autoimmune hepatitis after liver transplantation are discussed.
Additionally, de novo autoimmune hepatitis, which can be seen in patients who have received liver
transplantation for indications other than autoimmune hepatitis, are discussed.

Indications for liver transplantation for patients with autoimmune hepatitis

Liver transplantation may be indicated for patients with autoimmune hepatitis if one of the following
conditions are present: (1) Acute liver failure; (2) Decompensated cirrhosis (Model for End-Stage Liver
Disease score 2 15); or (3) Hepatocellular carcinoma. Liver transplantation may be required if there is a
failure to diagnose and treat autoimmune hepatitis, inadequate response or intolerance to immunosup-
pressive therapy, or if the patients are not compliant with the treatment. Ultimately, 10%-20% of
patients with autoimmune hepatitis eventually need liver transplantation[2,3].

Autoimmune hepatitis accounts for approximately 5% and 2%-3% of liver transplants in the United
States and Europe, respectively[4,5]. The frequency of acute and chronic rejection after liver trans-
plantation for autoimmune hepatitis is more frequent compared to other liver diseases[6]. Five-year
patient and graft survivals for autoimmune hepatitis are reported to be 80%-90% and 72%-74%,
respectively[7].

Clinical manifestations associated with autoimmune hepatitis after liver transplantation

Recurrence of autoimmune hepatitis after liver transplantation: Recurrence is defined as reappearance
of the disease in the liver allograft. Autoimmune hepatitis recurs in 8%-12% of patients within the first
year and 36%-68% within 5 years following liver transplantation[6]. Recurrent autoimmune hepatitis
frequency is not significantly affected by the graft type (either living related or cadaveric)[8]. Diagnostic
workup of recurrent autoimmune hepatitis is similar to diagnosing the original disease and it is equally
challenging. The main reason for the complexity in diagnosis is the absence of a specific marker for
diagnosis. In addition, immunosuppressive therapy may mask some features of the original disease. The
disease progression may differ and may lead to an atypical presentation. Transplant recipients with
recurrence of autoimmune hepatitis usually have elevated transaminases, fever, fatigue, jaundice,
abdominal pain, skin rash, and joint pain upon presentation[9]. Nevertheless, the presentation of
recurrence of autoimmune hepatitis is not specific and can be seen in other complications of liver
transplantation. Hypergammaglobulinemia is defined as increased serum IgG levels, and together with
positivity of ANA and SMA, make up the serological findings of the disease. The pathophysiology of
recurrent autoimmune hepatitis is not comprehensively understood and is similar to the mechanisms
involved in the development of classical autoimmune hepatitis. The main histopathological feature of
recurrent autoimmune hepatitis is prominent lymphocytic interface activity with or without plasma cell
infiltration. Other pathological findings are acute lobular hepatitis with focal hepatocyte necrosis,
acidophil bodies with lymphoplasmacytic cells, pseudo-rosetting of hepatocytes, perivenular lympho-
plasmacytic inflammation, and confluent and bridging necrosis with lymphoplasmacytic infiltration
(severe inflammatory activity)[10]. Cellular and antibody-mediated forms of cytotoxicity are involved in
the pathogenesis of the disease. These features may be less evident or absent in certain instances. The
differential diagnoses include rejection, drug hepatotoxicity, de novo steatohepatitis, and viral hepatitis,
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including hepatitis E. The diagnosis is performed by excluding other possible etiologies.

Many risk factors such as the effects of immunosuppressive therapy as well as recipient- and donor-
related factors play an important part in the recurrence of autoimmune hepatitis in the liver allograft.
Early corticosteroid withdrawal for reasons such as nonadherence or physician recommendation, high
titers of autoantibodies at the time of liver transplantation, coexisting autoimmune disorders,
association of human leukocyte antigen (HLA)-DR3 and HLA-DR4 mismatch, and severe necroinflam-
matory activities in the explant liver at the time of liver transplantation are some of the reported risk
factors of recurrence[9]. Figure 1 summarizes the factors implicated in the development of recurrent
autoimmune hepatitis.

Recurrent autoimmune hepatitis needs prompt treatment because nearly half of cases are resistant to
therapy and result in graft failure. Treatment is usually empirical. In mild cases, only increasing
compliance with immunosuppressive therapy and increasing immunosuppressive doses are sufficient.
In severe cases, predniso(lo)ne (30 mg/d) and AZA (1-2 mg/kg/d) are required. The combination of
corticosteroids and mycophenolate mofetil (MMF) may also be the initial therapeutic approach[6].
When laboratory values improve, the dose of corticosteroids is tapered to 5-10 mg within 1-2 mo[9,11].
Patients who do not respond to this combination are considered for other immunosuppressive agents
such as calcineurin inhibitors or inhibitors of mammalian target of rapamycin. In cases with severe liver
failure, retransplantation may be required. It has been reported that retransplantation is required in
33%-60% of patients with recurrent autoimmune hepatitis[6,12,13].

De novo autoimmune hepatitis: De novo autoimmune hepatitis is the development of autoimmune
hepatitis in patients who underwent liver transplantation for reasons other than autoimmune hepatitis.
In its latest update, the Banff Working Group for liver allograft pathology proposed replacing the term
de novo autoimmune hepatitis with plasma cell-rich rejection[14]. De novo autoimmune hepatitis is more
common in children than in adults (5%-10% vs 1%-3%)[6,11]. Clinical findings in de novo autoimmune
hepatitis are similar to those observed in recurrent autoimmune hepatitis and autoimmune hepatitis.
Serum aspartate aminotransferase, alanine aminotransferase, and IgG levels are high. One of the most
striking features of de novo autoimmune hepatitis is detection of newly developed autoantibodies.
Patients with de novo autoimmune hepatitis may have ANA, antimitochondrial antibody, anti-SMA
antibodies and also anti-LKM-1, anti-LC, antibodies to gastric parietal cells, and atypical anti-
liver/kidney cytosolic antibody targeting the antigen glutathione-S-transferase T1 (GSTT1) may be
positive. The main histological feature in de novo autoimmune hepatitis is interface hepatitis with
lymphocytes and plasma cells. Other histopathological features are spotty necrosis, portal fibrosis, and
bile duct injury[15].

Older donors, the mismatch of GSTT1 genotype of donor and recipient, the use of antilymphocyte
antibodies, treatment with tacrolimus or MMF are associated with a higher risk of de novo autoimmune
hepatitis[16]. Cyclosporine A and granulocyte colony-stimulating factor treatment is reported to be
protective against de novo autoimmune hepatitis. The pathogenesis of de novo autoimmune hepatitis is
still unknown. Although it has been suggested that antibodies against GSST1 antigen may play a role in
the development, it may also develop in the absence of these antibodies. Therefore, the role of
antibodies against GSST1 antigens in pathogenesis is not fully established. One of the possible
mechanisms for the development of de novo autoimmune hepatitis is the release of autoantigens from
the damaged tissue during reperfusion which exacerbates the autoimmune response after liver
transplantation. Other possibilities are due to molecular similarities; in other words, exposure to
microorganisms that share amino acid sequences with autoantigens causing crossreactive immunity. In
fact, viral infections (which are common after transplantation) can cause autoimmunity by various
mechanisms[17]. In addition, interferons used for hepatitis C have potent immunomodulatory effects
and can trigger autoimmune disorders in immunosuppressive patients. Today, since interferon-free
treatment regimens are used in the treatment of hepatitis C after liver transplantation, hepatitis C
patients are now safer in terms of the risks of interferon after transplantation.

While the results of treatment of de novo autoimmune hepatitis are promising, poor outcomes such as
cirrhosis and graft loss can be seen if these patients are not treated properly. Therefore, early diagnosis
and treatment of this disease has paramount importance. Predniso(lo)ne with or without AZA continues
to be the mainstay of treatment for de novo autoimmune hepatitis. If there is no response to these agents,
then MMF can be given instead of AZA[11].

Long-term use of corticosteroids after liver transplantation

The risk of acute and chronic rejection in patients undergoing liver transplantation for autoimmune
hepatitis is higher than in patients who are transplanted for other indications. Corticosteroids may
prevent development of rejection or relapse on the long term however, usually they are tapered to
reduce the risk of infections and adverse effects of steroids. Corticosteroids have many side effects,
including infection, depression, osteoporosis, diabetes, hypertension and adrenal suppression, which
significantly affect the quality of life in recipients following liver transplantation[18]. The issue of how
long corticosteroids should be given to prevent rejection and relapse in patients with autoimmune
hepatitis remains a controversial issue. There have been few studies on the long-term administration of
corticosteroids after transplantation in autoimmune hepatitis patients. In a study involving 73 patients
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Figure 1 Summary of the factors implicated in the development of recurrent autoimmune hepatitis after liver transplantation. HLA: Human

leukocyte antigen.
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with autoimmune hepatitis who underwent liver transplantation, it has been shown that long-term
treatment with low-dose corticosteroid in combination with other immunosuppressive medication
reduced recurrence rates of autoimmune hepatitis[19]. The recent American Association for the Study of
Liver Diseases (AASLD) guidelines emphasize that the data supporting the long-term administration of
corticosteroids to prevent post-transplant rejection, graft loss and recurrent autoimmune hepatitis are
limited and the treatment is not justified. Therefore, AASLD suggested corticosteroids should be
gradually tapered in following liver transplantation[6]. The latest European Association for the Study of
the Liver guidelines regarding autoimmune hepatitis do not provide a clear recommendation on how
long corticosteroids should be given after transplantation[20].

Another alternative approach is meticulous selection of patients that are at high risk of recurrence
and who may benefit from intensified immunosuppression. This group of patients should receive long-
term steroids. Steroids should be tapered gradually with close follow-up, if the risk of recurrence is low
and long-term steroid administration would cause additional problems in the patients such in patients
with diabetes, hypertension, hyperlipidemia and osteoporosis[21].

Until a specific marker is developed or standardization of the diagnosis of recurrent or de novo
autoimmune hepatitis is developed, steroids will always be an important part of treatment and duration
of steroid use will always be a matter of debate.

CONCLUSION

De novo autoimmune hepatitis and recurrent autoimmune hepatitis are known causes of late graft
dysfunction in pediatric and adult liver transplantation. In liver transplant recipients with graft
dysfunction, recurrent or de novo autoimmune hepatitis should always be considered in differential
diagnosis. Early diagnosis and intervention are vital in de novo and recurrent autoimmune hepatitis
because they cause graft loss and subsequent re-transplantation if they are not treated properly.
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