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Abstract

Even after a successful renal transplantation, the renal
transplant recipients (RTRs) keeps on suffering the
consequences of the uremic sickness. Cardiovascular
risk, work capacity, and quality of life do not improve
according to expectations since biological and psycho-
logical problems are not completely solved by phar-
macological treatment. Furthermore, post-transplant
treatment, per se, induces additional problems (i.e.,
side effects of drugs). It becomes, indeed, very im-
portant to insert “non-pharmacological” therapies able
to reverse this trend. Exercise may represent an im-
portant contribution in the solution of this problem. In
fact, many studies have demonstrated, in the last two
decades, that physical training is able both, to improve
graft function, work capacity and quality of life, and to
reduce cardiovascular risk. In conclusion, if the analy-
sis of the available data suggests that an appropriate
dose of physical training represent a useful, safe and
non-pharmacologic contribution to RTR treatment, it
becomes a kidney transplantologist responsibility to in-
troduce exercise in the current therapy of RTRs.

© 2012 Baishideng. All rights reserved.
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BACKGROUND

Uremic patients’ survival is conditioned by an increased
cardiovascular risk. In spite of the decline of its inci-
dence rate in the general population during the last three
decades, cardiovascular events remain the major cause
of death in nephropathic patients“’ZJ with a mortality 10
to 20 higher than in the general population™. In 1998
the National Kidney Foundation Task Force in Car-
diovascular Disease recommended to consider uremic
patients as a group with very high risk for cardiovascular
events'. The main cause of this raised isk is the acceler-
ated atherosclerosis, which is now considered to be the
4. pro-inflam-
matory cytokines are secreted by immune cells within the
atherosclerotic plaque. These include interleukin (IL)-1,
1L.-2, TL-6, IL-8, IL.-12, 11.-10, tumor-necrosis factor,
interferon-y and platelet-derived growth factor'”. The
accelerated atherosclerosis is the most important late
complication for all organ recipients too™”. Over the
years, various risk factors have been associated with the
manifestation of atherosclerosis. Among these, elevated
levels of plasma cholesterol (LDL in particular) are rec-
ognized as a major risk factor as well as hypertension,
diabetes mellitus, smoking“oj and sedentary life style“”.
An increasing amount of data demonstrates that uremia,

expression of an inflammatory process

August 24, 2012 | Volume 2 | Issue 4 |



per se, represents an inflammatory condition and that this
. . . . 12
inflammation remains unaffected by transplantatlon[ l
Also in nephropathic patients cardiovascular events are

strictly related to inflammation™>""

and they represent
I and
in replacement therapy patients 17 but also in renal
transplant recipients (RTRs)!"”. The immunosuppressive
treatment itself contributes to increase cardiovascular
complications in RTRs through the induction of hyper-
tension and dislipidemiam’m]. Moreover, it is important

to consider that the tendency to sedentary lifestyle is

the main cause of death not only in predialysis[15
[

favoured by both the depression and the reduced quality

of life that affect not only dialysed patients[zo’zﬂ but also
patients after a successful renal transplantation[zzl

GOAL

On the basis of the above considerations, the question

that arises is the following: Is it possible to reduce cardio-
vascular risk and to influence graft survival of RTRs oth-
er than pharmacologically? In our opinion physical activ-
ity could play an important role in this subset of patients.
In fact, many studies have demonstrated that physical
training is able to improve several factors involved in the
increased cardiovascular risk of RTRs and may contrib-
ute to save renal function. In this review we will examine
the existing evidences with respect to these topics.

EVIDENCE BASED RESULTS

Glomerular filtration rate

Greater physical activity is a statistically significant predic-
tor of improved graft function over a 1-year period. The
authors believe that physical activity leads to improved
cardiovascular function, which, probably, improves perfu-

sion and oxygen delivery to the kidney graft[zﬂ.

Arterial pressure

Exercise reduces the need for pharmacological therapy
of hypertension both in lung[24] and kidney transplanted
patients[zzl.

Homocysteine

It is a factor related to an higher prevalence of cardiovas-
cular disease and poorer outcome™ . Tt remains higher
in RTRs with respect to general population but an exer-
cise program may significantly decrease the levels of this

. E
aminoacid™.

Work capacity

Patients with advanced chronic kidney disease have lower
cardiorespiratory fitness (CF)°"*” that remains reduced
by 30% after transplantation in comparison with age
and gender matched control subjects™. CF expresses
the maximum capacity of aerobic activity. It is measured
through the evaluation of the peak oxygen uptake (VO2)
obtained by expired gas analysis. It is important to note
that CF is a well-validated predictor of cardiovascular
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outcome both in individuals with underlying cardio-
vascular disease and in normal individuals™. Exercise
improves CF in RTRs"***". The mechanisms behind
this reduced work capacity are not known, but it could
be simply due to the reduced activity level before trans-
plantationﬁg]. Exercise enhances muscle strength too”"
while it does not modify the body composition (BC),
evaluated through dual-energy X-ray absorptiometry[22’37].
The lack of difference in the BC is due to the fact that
exercise alone is ineffective for weight loss, unless a care-
ful dietary management is adoptedw.

Effects of exercise among elderly RTRs

Despite best practices, older patients are at increased risk
for early graft loss and death™. Tt has been demonstrated
that pre-transplant inactivity is a negative predictor of
overall patients and graft survival in this subset of pa-
tients'™,

Exercise and immunology of kidney transplantation

An 8-wk aerobic exercise program enhances T-helper cell
count, CD4+ to CD8+ ratio, natural killer cells activity
and IgG and IgM levels without causing graft dysfunc-
tion in the short term"”.

Moreover, it has been widely demonstrated that 1L-6
plays a significant role in the progression of mesangial
proliferative glomerulonephritis™) and that it is an im-
portant risk factor with respect to the relapse of IgA
nephropathy in transplanted kidney[44]. Furthermore, IL-6
amplifies the inflammatory cascade also by promoting the
development of Th17 and the synthesis of IL17 from
naive T cells (along with TGFb1 and 1L.21), whereas the
maturation of memory Th17" and 1117 induces the
synthesis of IL6 by myoblasts thus creating a vicious cy-
49, San Segundo ¢z al*” and Afzali e a/* demonstrated
that I1.-17 serum levels were augmented in graft dysfunc-
tion (compared with end stage renal disease patients) and,
in agreement with Afzali ez a/*, hypothesized that an
imbalance between T(H)17 and Tregs enhances immune
inflammation among renal transplant patients. In addi-
tion, since elevated levels of 1I-6 represent a trigger factor
of inflammation, they may significantly contribute to the
cardiovascular risk of RTRs. Increased basal levels of this
cytokine have been measured in RTRs!™.,

Castaneda ¢z /™ demonstrated that exercise reduces

cle

the levels of IL-6 in uremic patients and we recently
showed that this happens in RTRs too™,

It is interesting to note that IL-6 increase is actu-
ally indicated both as the effect of an overtraining syn-

B and as one of the main factors able to induce

»5[52]

drome

3

an “underperformance syndrome”””. In fact, during

strenuous exercise, 1L.-6 increases’ by greater amounts
than any other cytokineMS()]
behavioral changes during physical as well as psychologi-

cal stress”’. In agreement with Castaneda ez al™

: an increment registered in

our
data®™ seem to demonstrate that there is a difference in
the 11.-6 production depending on the dose of physical
training, This can lead to the conclusion that, if strenu-
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ous exercise increases I1.-6 production, a well regulated
level of exercise will produce the opposite result (i.e.,
a reduction of IL-6 levels). The “appropriate level” of
exercise, indicated in several studies regarding the effects
of exercise in RTRs, consists of a 30-45 min/session of
aerobic exercise (walking or cycling) three or more times
[22,23,30,35,37,42,58
per week

the strong exercise is detrimental, the moderate exercise

| Therefore data suggest that while

(appropriate level) is of great benefit because it improves,
as shown by our experimental 7z vivo in RTR study™, the
physical strength while decreasing 11.6 levels, thus clearly
indicating that the net biological effect is overwhelmingly
positive.

Anxiety and depression
The quality of life and the psychological status are im-
paired in patients on maintenance dialysis®**". The most
common psychological and psychosocial problems are
depression, anxiety and social withdrawal™ ! Anxiety
and depression are common in RTRs 00 and contrib-
ute to increase cardiovascular risk™>*",

We have recently demonstrated that physical activity
is able to reduce anxiety and depression in RTRs™,

Why kidney transplanted patients show low rates of
exercise ?

Zhong et al® got to the bottom of this question: these
authors believe it depends on the fear of injuring the
transplanted graft[()b’mj, and/or on the transplant profes-
sionals’ silence about the benefits of exercise®. The
cause can sometimes be the protective attitude of the
family members and friends™. Moreover, patients of
diverse ethnic and cultural backgrounds may place differ-
ential values on exercise and self-care!™* or this lack of
importance given to physical training can be the conse-

quence of the absence of structural supporthSJ.

CONCLUSION

For patients affected by end-stage renal disease, renal
transplant represents a dramatic improvement of qual-
ity of life: the freedom from the dialytic treatment might
be considered the starting of a second life. Nevertheless,
also following a successful renal transplant, several previ-
ously taken drugs (i.e., antihypertensive drugs, alloputi-
nol, statins), can‘t be stopped, whereas new treatments
(i.e., immunosuppressive drugs), have to be started thus
increasing per se the cardiovascular risk of RTRs (through
drug-induced hypertension and dislipidemia). This mas-
sive drug administration and the need for a strict medical
follow-up may justify both the persistence of depression
and the interest in “non-pharmacological” therapies,
which can improve psychical and physical health of
RTRs.

The analysis of the available data allows to state that
an appropriate dose of physical training is a useful, safe
and non-pharmacological contribution to RTRs treat-
ment through the reduction of the of the risks of car-
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diovascular disease, the improvement of the biology of
transplantation, the increase of energetic metabolism,
and allows for a better quality of life in these subtype
of patients. The studies analysed in this review do not
distinguish among different subgroups, such as different
“age groups”, of RTRs with respect to different physical
exercise programs[22’23’30’35’37’42’58]. This non-distinction is a
further confirmation that, regardless of the type, physical
activity can always yield remarkable health benefits. De-
spite the positive effects of physical activity, most RTRs
do not exercise adequately according to the routine prac-
tice recommended by the Surgeon General (3 times per
week)",

It is now the moment to fill this gap, it is now the mo-
ment that kidney transplantologists consider exercise not
as a luxury accessory, but as integral part in the complex
treatment of RTRs
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Abstract

For kidney transplant recipients, immunosuppression
commonly consists of combination treatment with a
calcineurin inhibitor, an antiproliferative agent and a
corticosteroid. Many medical centers use a sequential
immunosuppression regimen where an induction agent,
either an anti-thymocyte globulin or interleukin-2 re-
ceptor antibody, is given at the time of transplantation
to prevent early acute rejection which is then followed
by a triple immunosuppressive maintenance regimen.
Very low rejection rates have been achieved at many
transplant centers using combinations of these agents
in a variety of protocols. Yet, a large number of recipi-
ents suffer chronic allograft injury and adverse events
associated with drug therapy. Regimens designed to
limit or eliminate calcineurin inhibitors and/or cortico-
steroid use are actively being pursued. An ideal immu-
nosuppressive regimen limits toxicity and prolongs the
functional life of the graft. This article contains a critical
analysis of clinical data on currently available immuno-
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suppressive strategies and an overview of therapeutic
moieties in development.
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INTRODUCTION

Advances in immunosuppressive strategies over the past

decades have led to significant improvements in the field
of renal transplantation. Cyclosporine revolutionized
transplant practice by lowering acute rejection rates and
improving short-term graft survival in the 1980s. Post-
transplant outcomes improved further with tacrolimus
and mycophenolic acid in the 1990s. Additionally, the
use of induction immunosuppressive agents has lowered
eatly acute rejection rates. Despite these advances, clear
evidence for a beneficial effect on long-term graft surviv-
al is lacking as chronic allograft nephropathy continues to
threaten the renal allograft. With newer immunosuppres-
sive regimens, immunologic causes of eatly graft failure
have become rare. However, late graft loss has remained
virtually unchanged over the last few decades, because
of the persistence of chronic allograft injury. The use of
newer immunosuppressive agents and the use of mTOR
inhibitors are evolving strategies that aspite to minimize
lifelong exposure to calcineurin inhibitors and corticoste-
roids and improve long-term outcomes.
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Currently available immunosuppressive agents can
be classified into three categories: “induction agents”,
“maintenance therapy” and “treatment for rejection”.
Induction agents ate typically polyclonal antibodies (anti-
thymocyte globulins) and interleukin (IL)-2 receptor
antagonists (basiliximab). New induction agents include
alemtuzumab, efalizumab and alefacept. The four drug
classes that comprise maintenance regimens include cal-
cineurin inhibitors (cyclosporine and tacrolimus), mTOR
inhibitors (sirolimus and everolimus), antiproliferative
agents (azathioprine and mycophenolic acid), and corti-
costeroids (Tables 1 and 2). Potential improvements to
the calcineurin inhibitor class include a prolonged release
tacrolimus formulation and voclosporin, a cyclosporine
analog. Three new maintenance agents with novel mecha-
nisms of action include: sotrastaurin, a protein kinase
C inhibitor; belatacept, a recently approved costimula-
tion blocker; and tofacitinib, a JAK 3 inhibitor (Table 3).
Transplant rejection can be easily divided into acute cel-
lular rejection and acute humoral rejection. Treatment for
mild cellular rejection involves corticosteroids whereas
moderate to severe rejection is typically treated with anti-
thymocyte globulins. Humoral rejection is more difficult
to treat and typically is treated with intravenous immuno-
globulin and plasmapheresis. Investigational treatments
for antibody mediated rejection include bortezomib and
eculizumab.The purpose of this review is to consolidate
the published evidence of the effectiveness and safety of
current immunosuppressive agents and explore potential
fnew immunosuppressive agents.

INDUCTION AGENTS

Induction therapy is primarily used to avoid eatly acute
rejection which is historically known to predict subse-
quent graft loss. There are currently three antibodies
which are used for induction therapy - basiliximab; anti-
thymocyte globulin; and alemtuzumab. Investigational
agents with less published evidence include efalizumab
and alefacept. A comprehensive review of the pharma-
cology and therapeutics of induction agents was recently

published'".

Basiliximab (Simulect®, Novartis)

It is an IL-2 receptor antagonist which is the only food
and drug administration (FDA) approved induction agent
in renal transplantation. Dosed at 20 mg and adminis-
tered at the time of and 4 d following transplantation,
basiliximab has few adverse reactions or drug interac-
tions. Basiliximab has demonstrated a statistically signifi-
cant reduction in the incidence of acute rejection in three
clinical trials, two of which used a maintenance regimen
of cyclosporine and corticosteroids without an antime-
tabolite™, The third trial included azathioprine in the
maintenance regimen and had a 20.8% rejection rate in
the basiliximab arm compared to a 34.9% rate in the pla-
cebo arm™™. None of these trials demonstrated a signifi-
cant difference in patient or graft survival. Using a more
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contemporary regimen, a recent trial comparing basilix-
imab to placebo (using cyclosporine, corticosteroids, and
mycophenolate mofetil for maintenance) demonstrated
a trend towards reduced incidence of acute rejection in
the treatment group (15.3% »s 26.6%), although it did not

reach statistical signiﬁcancem.

Rabbit anti-thymocyte globulin (Thymoglobulin®,
Genzyme)
They are antibodies derived from rabbit sources which
are commonly used induction agents although they are
approved for corticosteroid resistant rejection. These an-
tibodies are FDA approved for treatment of acute rejec-
tion at a dose of 1.5 mg/kg for 7-14 d, based on the re-
sults of a multi-center, double-blind randomized trial™”.
Although rabbit anti-thymocyte globulin (rtATG) is not
currently FDA approved as induction therapy for kidney
transplantation, it is the most commonly administered
agent for this purpose. Reported induction doses range
from 1-6 mg/kg per dose over 1-10 d with a more typical
regimen of 1.5 mg/kg for 3-5 d"" Common adverse
events include cytokine release syndrome, leukopenia and
thrombocytopenia. A comprehensive review on the use
of anti-thymocyte globulins can be found in the litera-
turem.

rATG and basiliximab were compared in two multi-
center induction trials in combination with cyclosporine,
mycophenolate mofetil and corticosteroids. In the first
trial, basiliximab (with early initiation of cyclosporine)
compared to rATG (with delayed cyclosporine initiation),
produced a similar incidence of acute rejection and simi-
lar patient and graft survival at 12 mo post transplanta-
tion in low risk patients“s]. There were fewer cytomegalo-
virus infections (P = 0.005) in the basiliximab group, but
the percentage of clinically significant cytomegalovirus
cases was not statistically different and cytomegalovirus
prophylaxis was not used. In contrast, results of the
larger second trial, using moderate to high-risk deceased
donor recipients, demonstrated an improved combined
endpoint for the incidence of rejection, graft loss, and
patient death that favored rtATG (19.1% »s 31.6%, P =
0.01)"?). Most of the benefit in combined endpoints
was attributed to the decreased incidence of acute rejec-
tion (14.2% vs 25%, P = 0.013).

Alemtuzumab (Campath®, Berlex Laboratories)
A recombinant DNA-derived humanized monoclonal
antibody that is directed against CD52, is currently a
FDA approved treatment for B-cell chronic lymphocytic
leukemia. However, it has been used off label for induc-
tion therapy and in the treatment of acute rejectionm’zzj.
Infusion reactions may occur as it is given intravenously
asa one-time dose of 30 mg. The subcutaneous route has
also been studied, although this method of administra-
tion is not FDA approvedmj.

The early use of alemtuzumab in renal transplant
recipients was associated with intense and prolonged
lymphocyte depletion, increased antibody-mediated graft
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Table 1 Food and drug administration approved immunosuppressive medications used for transplantation

Drug Dose Side effects
Induction
Basiliximab 20 mg IV x 2 doses Hypersensitivity reactions
Anti-thymocyte globulin
Rabbit 1.5 mg/kg IV x 3-14 d Rash, fever, thrombocytopenia, leukopenia
Horse 15 mg/kg IV x 3-14 d
Maintenance
Prednisone Maintenance: 2.5-10 mg/d Mood disturbances, psychosis, cataracts, hypertension, fluid retention,
Rejection: 250-1000 mg/d x 3 d IV peptic ulcers, osteoporosis, muscle weakness, impaired wound healing,
glucose intolerance, weight gain
Cyclosporine 4-5 mg/kg po twice daily Neurotoxicity, gingival hyperplasia, hirsutism, hypertension, hyperlipidemia,
glucose intolerance, nephrotoxicity, electrolyte disturbances
Tacrolimus 0.05-0.075 mg/ kg po twice daily Neurotoxicity, alopecia, hypertension, hyperlipidemia, glucose intolerance,
nephrotoxicity, electrolyte disturbances
Sirolimus 2-10 mg/d po daily Hypertriglyceridemia, anemia, thrombocytopenia, mouth sores,
hypercholesterolemia, gastrointestinal disturbances, bone marrow
suppression, poor wound healing, edema
Everolimus 0.75 mg po twice daily Hypertriglyceridemia, anemia, thrombocytopenia, mouth sores,
hypercholesterolemia, gastrointestinal disturbances, bone marrow
suppression, poor wound healing, edema
Azathioprine 1-2.5 mg/kg per day po daily Leukopenia, thrombocytopenia, gastrointestinal disturbances, pancreatitis,
hepatotoxicity
Mycophenolate mofetil 500-1500 mg po twice daily Leukopenia, thrombocytopenia, gastrointestinal disturbances

Mycophenolate sodium
Belatacept

360-1080 mg po twice daily
10 mg/kg administered, prior to

implantation, on day 5, and at the end of
weeks 2, 4, 8, and 12, then 5 mg/kg every
4 wk (plus or minus 3 d)

Leukopenia, thrombocytopenia, gastrointestinal disturbances

Table 2 Classification of immunosuppressive agents

Classification Drug (Generic) Drug (Trade) Generic Dosage form
Interleukin-2 receptor blockers Basiliximab Simulect® No Injection
Anti-T cell therapy Antithymocyte globulin - horse Atgam® No Injection
Antithymocyte globulin - rabbit Thymoglobulin® No Injection
Corticosteroids Methylprednisolone Solumedrol® Yes Injection, oral
Prednisone Deltasone® Yes Oral
Calcineurin inhibitors Cyclosporine, CsA Sandimmune® Yes Injection, oral
Cyclosporine microemulsion Neoral® Yes Injection, oral
Tacrolimus, FK506 Prograf® Yes Oral
mTOR inhibitors Sirolimus, rapamycin Rapamune® No Oral
Everolimus Zortress® No Oral
Anti-proliferative Azathioprine, AZA Imuran® Yes Injection, oral
Mycophenolate mofetil, MMF Cellcept® Yes Injection, oral
Mycophenolate sodium,EC-MPS Myfortic® No Oral
Costimulation blockade Belatacept Nulojix® No Injection

. . . . . . 24-26
rejection, and increased rates of serious infection™*",

and until recently only a few, small, randomized trials
have been publishedngl. The largest, multicenter, ran-
domized trial of alemtuzumab induction was stratified
by tisk: low-risk (alemtuzumab s basiliximab, » = 335) or
high risk patients (alemtuzumab zs rabbit antithymocyte
globulin, 7 = 139)[30]. All patients received tacrolimus,
mycophenolate mofetil and early steroid withdrawal. Ex-
panded criteria donors and donors without a heartbeat
were excluded. The rate of biopsy-confirmed acute rejec-
tion was significantly lower in the alemtuzumab group
than in the conventional-therapy group (low and high
risk combined) at 3 years of follow up (13% »s 20%, P =
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0.03). However, this benefit did not translate to improved
graft survival or improved renal function. The apparent
superiority of alemtuzumab was restricted to patients at
low risk for transplant rejection (acute rejection rates at 3
years: 10% vs 22%, P = 0.003). Among high-risk patients,
alemtuzumab and rabbit antithymocyte globulin had simi-
lar efficacy. The lower acute rejection rates achieved in
the conventional therapy group should be weighted with
the risk of infection and cancer. The rate of serious ad-
verse events related to cancer was higher in the conven-
tional therapy group whereas the low risk alemtuzumab
group suffered persistent leukopenia and a higher rate of
serious infections.
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Table 3 Non-food and drug administration approved/investi-

gational agents and their mechanism

Name Mechanism of action

Induction
Alemtuzumab Monoclonal antibody, CD52
Efaluzimab Humanized antibody, CD11a/LFA-1
Alefacept Costimulation inhibitor, CD2 LFA3

Maintenance

Calcineurin inhibitor

Calcineurin inhibitor

Purine synthesis inhibitors
Sotrastaurin, AEB071 Protein kinase C inhibitor
Tofacitinib, CP-690550 JAK 3 inhibitor

Treatment of antibody medicated rejection

Prolonged release tacrolimus
Voclosporin, ISA247
Mizoribine

Bortezomib Proteasome inhibitor
Eculizumab Monoclonal antibody, C5
complement protein
Efalizumab

A once weekly subcutaneous injection, works as an im-
munosuppressant by binding to the CD11a subunit of
lymphocyte function-associated antigen 1 (LFA-1) and
inhibiting white blood cell migration. Efalizumab (Raptiva®,
Genentech) was indicated for the treatment of chronic
moderate-to-severe plaque psoriasis, but has been associ-
ated with an increased risk for progressive multifocal leu-
koencephalopathy and was withdrawn from the market in
April of 2009,

Clinical trials in renal transplant recipients have not
been successful. Although patient survival, graft survival
and acute rejection rates were equal in a trial of efali-
zumab (0.5 or 2 mg/kg administered weekly »iz subcu-
taneous route for 12 wk), cyclosporine, mycophenolate
mofetil and steroids #s half-dose cyclosporine, sirolimus
and prednisone (# = 38), 3 patients (8%) treated with
the higher dose of efalizumab developed post-transplant
lymphoproliferative disease™. A study that planned to
replace the calcineurin inhibitors with efalizumab, soon
after transplantation, in patients with mild impairment of
renal function was also terminated.

Alefacept (Amevive®, Astellas Pharmaceuticals)

A CD2-LFA3 co-stimulation inhibitor™, is FDA ap-
proved for treatment of moderate-to-severe chronic
plague psoriasis in adults at a dose of 15 mg/wk intra-
muscularly for 12 wk. The most common adverse event
is lymphopenia, therefore dosage adjustments are made
by monitoring CD4+ lymphocyte counts. In a study of
multiple courses of alefacept, no cumulative adverse ef-
fects were seen™ although infections and malignancy
may occur in patients treated with alefacept and liver
function should be monitored.

Alefacept is currently being developed for use in con-
junction with tacrolimus, mycophenolate mofetil and ste-
roids for renal transplantation. A phase II, multicenter,
randomized, double-blinded, placebo controlled, parallel
arm study in adult kidney transplant patients compared
alefacept (# = 105) to placebo (# = 107)"". Exclusion
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criteria were HLLA identical recipients, expanded criteria
donors/donation after cardiac death, and recipients with
panel reactive antibody greater than 20%. Alefacept treat-
ed patients received 7.5 mg of alefacept intravenously on
days 0 and 3, 15 mg subcutaneously on day 7 and then
weekly for a total of 12 wk. An abstract presented at the
American Transplant Congress in 2011 reported that at
6 mo of follow-up, the incidence of delayed graft func-
tion, renal function, biopsy proven acute cellular rejec-
tion, patient survival and graft survival were similar™”.
The overall incidence of infection was similar although
there appeared to be a higher rate of CMV in the alefa-
cept arm (14.3% alefacept »s 7.5% placebo) and a lower
incidence of BK infection (2.9% alefacept v5 9.4% pla-
cebo; no p values reported). The incidence of malignancy
was higher in the alefacept arm (6.7% »s 0.9%, no P value
reported). CD4+ and CD8+T memory cell subsets wete
lower in alefacept arm at 12 wk after transplant. A four
arm study with calcineurin reduction, mycophenolic
mofetil replacement, alternative alefacept dosing and
control is ongoing;

It is now common practice in the transplant commu-
nity to select induction therapy on the basis of risk-ben-
efit considerations for each patient. The Kidney Disease:
Improving Global Outcomes (KDIGO) Clinical Practice
Guidelines recommend including induction therapy with
a biologic agent as part of the initial immunosupptessive
regimen in kidney transplant recipients (Grade 1A Rec-
ommendation)””, They recommend that an I1-2 recep-
tor antagonist be the first line induction therapy (Grade
1B Recommendation) and suggest the use a lymphocyte-
depleting agent, rather than an IL.-2 receptor antagonist,
for recipients at high immunologic risk (Grade 2B Rec-
ommendation).

Despite these new recommendations, there are many
unanswered questions relating to the use of potent in-
duction agents. Induction agents have been associated
with increased short-term costs and may contribute to
an overall increased immunosuppressive state. Many
centers are hesitant to use potent induction therapy be-
cause of the risks of infection or malignancy and lack
of long-term data needed to determine a graft survival
benefit. The choice of an induction agent remains debat-
able. However, basiliximab may be preferred for low-
risk patients while tATG may be preferred for high-risk
patients. Recently, alemtuzumab has also shown promise
in low-risk patients, but a trial comparing basiliximab to
alemtuzumab should be conducted to assess efficacy,
the risk of cancer, and infection. Eatly results with efali-
zumab were disappointing but future results of alefacept
trials are eagerly awaited.

MAINTENANCE THERAPY

Calcineurin inhibitors

Over the last two decades, calcineurin inhibitors have
been extensively used in post-transplant immunosuppres-
sive regimens and have secured a vital place in today’s
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solid organ post-transplant care for prevention of acute
rejection and prolonging and graft survival. Cyclosporine
(Neoral®, Novartis) and tacrolimus (Prograf®, Astellas)
are calcineurin inhibitors that primarily suppress the ac-
tivation of T lymphocytes by inhibiting the production
of cytokines, specifically IL-2. Calcineurin inhibitors are
associated with numerous toxicities that are often dose
dependent. Hirsutism, gingival hypertrophy, hypertension
and hyperlipidemia are more commonly encountered
with cyclosporine treatment than with tacrolimus whereas
neurotoxicity, alopecia, and potentially post-transplant
diabetes are more commonly encountered with tacro-
limus treatment than with cyclosporine. Potential drug
interactions are important to recognize and vigilance is
required when adding or adjusting any agent that may
affect calcineurin inhibitors levels, usually by inducing or
inhibiting the cytochrome P450 3A pathway. Both calci-
neurin inhibitors can be given intravenously or orally and
are adjusted based on serum blood concentrations.

Several landmark trials have compared the available
calcineurin inhibitors. The first two multicenter studies
have compared tacrolimus to microemulsion cyclosporine
using the combination of calcineurin inhibitors, azathio-
prine and corticosteroids”™” demonstrated a significant
decrease in acute rejection with tacrolimus, but there was
no difference in patient or graft survival post transplanta-
tion™ "), The next study randomized first deceased donor
recipients to one of three immunosuppressive regimens
(all included corticosteroids): (1) tacrolimus with aza-
thioprine; (2) tacrolimus with mycophenolate mofetil;
and (3) microemulsion cyclosporine and mycophenolate
mofetil™. Acute rejection rates were similar in each
group (= 20%) but the incidence of corticosteroid resis-
tant rejection was lower in the tacrolimus arms. A 3-year
follow-up found no statistically significant difference
in renal function, patient or overall graft survival, but
improved graft survival in recipients with delayed graft
function in the tacrolimus arms™., In agreement with this
data, ameta-analysis reported that for every 100 patients
treated with tacrolimus rather than cyclosporine for the
first year, 12 would be prevented from having acute rejec-
tion, 2 would be prevented from having graft failure, but
5 would develop new onset diabetes after transplanta-
tion", In more recent evidence, the Elite Symphony trial
demonstrated the low dose cyclosporine regimen to be
not as effective as the low dose tacrolimus regimen'. As
a result these trials, the KIDIGO Clinical Practice Guide-
lines suggest that tacrolimus should be the first-line calci-
neurin inhibitor for renal transplant recipients (Level of
recommendation 2A)°",

Regardless of which agent is utilized, compliance is es-
sential to prevent poor outcomes after transplantation. For
this reason, a prolonged release tacrolimus formulation is
being developed to improve adherence of the medication
regimen in post-transplant patients. Prolonged release ta-
crolimus (Advagraf®, Astellas) has been approved for use
in various European countries and Canada.

In a large, randomized, open label, phase I study,
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Table 4 Comparative adverse effects of prolonged release Ta-

crolimus and Tacrolimus (%)

ADR Prolonged released Tacrolimus
Tacrolimus twice daily

Gastrointestinal

Diarrhea 45.3 443

Loose stools 51 71
Metabolism and nutritional

Hyperlipidemia 16.4 17.5

Diabetes mellitus 14.0 11.3

Hyponatremia 2.8 0.9
Infections and infestations

Sinusitis 7.0 3.3

Gastroenteritis 6.5 0.5

Peripheral edema 8515 349
Nervous system

Tremor 35.0 344

Paraesthesia 5.6 14
Vascular

Orthostatasis 7.0 47

Lymphocele 0.5 0.9
Psychiatric

Insomnia 25.7 30.2
Skin

Alopecia 6.5 7.1

668 de novo kidney transplant recipients were studied for
efficacy and safety of prolonged release-tacrolimus com-
pared to tacrolimus and cyclosporine. Excellent patient
and graft survival were achieved (> 93%) in all arms'’.
Silva ¢t a/* reported efficacy failure (death, graft failure,
or acute rejection) of 14.0%, 15.1% and 17.0% in pro-
longed release-tacrolimus, tacrolimus and cyclosporine
groups respectively; however, the study also reported
that 10.3% of prolonged release tacrolimus patients had
a biopsy proven acute rejection compared to 7.5% in ta-
crolimus and 13.7% in the cyclosporine groups. Krimer
et al™ also reported similar patient survival (97.5% s
96.9%) and graft survival rates (92.8% »s 91.5%) among
prolonged release tacrolimus and twice daily tacrolimus
patients in a Phase Il trial. Table 4 summarizes the ad-
verse event/side-effect profiles of prolonged release ta-
crolimus and tacrolimus'™.

Various studies have suggested that the tacrolimus
levels measured were slightly lower with prolonged re-
lease tacrolimus group compared to twice daily tacroli-
mus patients”™*. However, the efficacy measures were
similar in both the groups. Serum creatinine, creatinine
clearance and estimated glomerular filtration rate for
both the formulations wete very similar at 1 mo, 6 mo
and 12 mo suggesting a non-inferior nephrotoxicity pro-
file. As reported by various studies, there is a slightly in-
creased incidence of biopsy proven acute rejection in the

- [43,44]
prolonged release tacrolimus groups and therefore
patients changing therapy should be monitored closely.
Prolonged release tacrolimus has shown to have a non-
inferior efficacy profile with the added benefit of a con-
venient daily dosing which is expected to improve patient
compliance.

Over the last two decades there have been significant
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improvements in transplantation, in large part due to the
decreased incidence of acute rejection with the use of
calcineurin inhibitors. This success has come at the ex-
pense of associated adverse side effects, including meta-
bolic side effects that are risk factors for cardiovascular
disease and cerebrovascular disease. Long-term use of
these drugs has been associated with the development of
chronic allograft nephropathy. New immunosuppressive
agents that eliminate these issues are needed.
Voclosporin, (ISA 247, Isotechnika Pharma, Inc.) is
a novel calcineurin inhibitor that is being studied in solid
w759 Early ani-

mal studies demonstrated that voclosporin, a cyclospo-

organ transplant and autoimmune disease

rine analogue, had a higher affinity and greater #-vivo po-
tency”"”. PROMISE, a phase I b trial (completed in May
2008) of 334 renal transplant recipients compared low
(0.4 mg/kg), medium (0.6 mg/kg) and high (0.8 mg/kg)
dose voclospotin to tacrolimus (0.05 mg/kg), in combi-
nation with a standard immunosuppressive regimen and
reported rejection rates of 11%, 9%, 2%, and 6% respec-
tively with similar renal function at 6 mo after transplan-
tation'"”. While most adverse reactions were similar, the
incidence of new onset diabetes after transplantation was
significantly lower in the low dose voclosporin groupﬁ}].
Voclosporin shows promise as an immunosuppressant in
renal transplantation although Phase Il efficacy trials are
warranted.

mTOR inhibitors

Although calcineurin inhibitors have significantly low-
ered acute rejection rates, they are direct nephrotoxins
and exhibit several other side-effects. Calcineurin sparing
regimens are an attractive immunosuppressive option
that may minimize the risk of long-term graft loss while
maintaining low rates of acute rejection. A potential al-
ternative to the calcineurin inhibitor-based regimens are
mTOR inhibitors (mammalian target of rapamycin). Two
agents, sirolimus and everolimus, have been developed
and FDA approved with the hopes of achieving this goal.

Sirolimus (Rapamune®, Pfizer) binds to FKBP-12,
an intracellular protein, to form an immunosuppressive
complex which inhibits the regulatory kinase, mTOR.
This inhibition suppresses cytokine mediated T-cell
proliferation, halting progression from the G1 to the S
phase of the cell cycle. Sirolimus, dosed orally once daily,
is associated with a number of adverse effects, includ-
ing leukopenia, thrombocytopenia, anemia, mucositis,
hypercholesterolemia, and hypertriglyceridemia. De novo
use of sirolimus has been associated with delayed wound
healing, lymphocele formation, and prolonged delayed
graft function™. Dose adjustments are based on target
trough levels of 5-15 ng/mL.

Sirolimus may have a favorable role in calcineurin
inhibitor-free maintenance therapyl%’w, but caution is
warranted in calcineurin inhibitor sparing regimens, as
nephrotoxicity and rejection are still concerns. Several in-
vestigators have performed trials with mTOR inhibitors
in hopes of attaining calcineurin sparing regimens. In the
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Spare-the-Nephron trial, a calcineurin free regimen of
sirolimus and mycophenolate mofetil was compared to
cyclosporine and mycophenolate mofetil. At 2 years of
follow-up, renal function was not different™. The CON-
VERT trial studied 830 renal allograft recipients who
were receiving cyclosporine or tacrolimus from 6 to 120
mo post-transplant. The participants were randomly as-
signed to continue calcineurin inhibitor (# = 275) or con-
vert from calcineurin inhibitor to sirolimus (z = 555)"”.
Success with sirolimus was only observed in a subgroup
of patients with a baseline glomerular filtration rate more
than 40 mI./min and urine protein to utine creatinine ra-
tio less than or equal to 0.11.ORION (Optimizing Renal
Transplant Immunosuppression to Overcome Nephro-
toxicity), another calcineurin sparing trial was recently
halted because of high acute rejection rates in the elimi-
nation arm. The trial, only presented in abstract form",
is a three-arm study of 450 de novo patients evaluating a
sirolimus/mycophenolate mofetil/steroids combination,
sirolimus/tacrolimus-elimination at 12 wk/steroid »s a
standard regimen consisting of tacrolimus/mycopheno-
late/steroids. All patients in this study received daclizum-
ab induction therapy. At 2 years, patient and graft survival
and glomerular filtration rate were not different between
groups. The urinary proteinuria to creatinine ratio was
significantly higher in both sirolimus-containing arms
when compared with the tacrolimus group.

Everolimus (Zortress®, Novartis) is a sirolimus-deriv-
ative with a much shorter half-life that recently received
FDA approval for renal transplantation. Everolimus is
also approved for treatment of advanced renal cell cancer
subependymal giant cell astrocytoma and unresectable
pancreatic neuroendocrine tumors (Afinitotr™, Novartis).
Everolimus, initially dosed at 0.75 mg orally twice daily
followed by routine serum drug concentration monitor-
ing, has an adverse events profile similar to sirolimus.

Efficacy of everolimus 1.5 mg/d »s 3 mg/d with ste-
roids and low-exposure cyclosporine without induction (#
= 237) or with induction (basiliximab, » = 256) has been
studied. In this study, the use of an induction agent
eliminated the need for high dose everolimus. Six months
biopsy-proven acute rejection occurred in 25.0% and
15.2% of patients (P = 0.073) in the 1.5 and 3 mg/d groups
without induction, and 13.7% and 15.1% in the study
groups with induction (P = 0.859). Calculated glomerular
filtration rates (62-67 mL/min) and adverse events were
similar in all arms.

Everolimus was compared to mycophenolate mofetil
in a recent trial (#» = 583)". As part of triple-drug immu-
nosuppression, everolimus (1.5 mg/d or 3 mg/d) was as
efficacious as mycophenolate mofetil, although the side-
effect profile featured increased adverse events. In com-
bination with cyclosporine and corticosteroids, the inci-
dences of primary efficacy failure at 36 mo (biopsy-proven
acute rejection, graft loss, death, or loss to follow-up) were
33.7%, 34.0% and 31.1% for everolimus 1.5 mg/d, evero-
limus 3 mg/d, and mycophenolate mofetil, respectively
(P = 0.810). Discontinuation of therapy due to adverse
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events (hemolytic uremic syndrome, lymphoproliferative
disease, and proteinuria, and higher serum creatinine) was
more frequent in the everolimus arm compared to the
mycophenolate mofetil arm.

Eatly elimination of calcineurin inhibitor by use of
everolimus-based immunosuppression may improve renal
function while maintaining efficacy and safety outcomes
in selected patients. In a recent study, everolimus replaced
calcineurin inhibitors at 4-5 mo after transplantationm
In this multicenter, European, open-label study (ZUES),
300low to moderate risk renal transplant patients initially
received basiliximab induction, and cyclosporine, enteric-
coated mycophenolate sodium, and corticosteroids for
maintenance. They were randomly assigned in a 1:1 ratio
to undergo calcineurin-inhibitor elimination (everolimus-
based regimen that was based on trough concentrations
(6-10 ng/mlL) and enteric-coated mycophenolate sodium
with corticosteroids), or continue standard cyclosporine-
based treatment. At the time of conversion the mean glo-
metular filtration rate in both groups was above 60 mL/min.
At 12 mo, the everolimus regimen was associated with
a significant improvement in glomerular filtration rate
in comparison to the cyclosporine regimen (mean dif-
ference +9.8 mL/min). Rates of biopsy-proven acute
rejection were higher in the everolimus group than in the
cyclosporine group after randomization (10% vs 3%, P =
0.036), but similar at the end of the study petiod (15%
vs 15%). Compared with the cyclosporine regimen there
were higher mean lipid concentrations, slightly increased
urinary protein excretion, and lower hemoglobin concen-
trations noted with the everolimus regimen; thrombocy-
topenia, aphthous stomatitis, and diarrhea also occurred
more often in the everolimus group.

The de novo use of sirolimus inhibitors has been prov-
en to be comparable to calcineurin inhibitor, while it has
been associated with early post-transplant adverse events
including lymphoceles, prolonged delayed graft func-

5657 1
1 Likewise de novo us of

tion and poor wound healing'
everolimus in combination with induction has produced
adequate rates of acute rejection, although adverse events
were common®", Tt appears the sirolimus conversion
is only successful in a subgroup of patients with a base-
line glomerular filtration rate more than 40 mIL/min and
urine protein to urine creatinine ratio less than or equal
to 0.11%, Likewise, the ZUES study demonstrated the
everolimus conversion is possible in low to moderate risk
patients with normal renal function, although this may
come at the expense of a higher acute rejection rate. In
summary, the best evidence for calcineurin withdrawal
with mTOR inhibitors is in selected patients. Close moni-
toring of drug concentration levels and adverse events
is warranted. Whether calcineurin inhibitor-free/sparing
regimens using mT'OR inhibitor maintenance therapy is

efficacious in the long term remains unknown.

Antiproliferative agents
Antiproliferative agents are usually considered the “third
agent” in triple immunosuppressive regimens, providing
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additive effects, but less essential than the calcineurin
inhibitor or the corticosteroid component. Azathioprine
and mycophenolic acid are the commonly used agents in
this category. Currently there are two forms of mycophe-
nolic acid available on the market, mycophenolate mofetil
(MME, CellCept®, Roche Laboratories) and mycopheno-
latesodium (EC-MPS, Myfortic®, Novartis Pharmaceuti-
cals).

Azathioprine (Imuran®, GlaxoSmithKline) is a purine
analog that inhibits DNA replication and suppresses B
and T cell proliferation. Typical doses of azathioprine
range from 1-2.5 mg/ke per day, adjusted for leukopenia.
The primary adverse effects of azathioprine are dose-
related bone marrow suppression and gastrointestinal
disturbances. Other rare, but setious, adverse events like
pancreatitis and elevations in liver function tests, paired
with a potential serious drug interaction with allopurinol
have limited the use of azathioprine.

Mycophenolic acid is an organic synthetic derivative
of the natural fermentation product mycophenolic acid
and causes noncompetitive reversible inhibition of ino-
sine monophosphate dehydrogenases (IMPDH). This
interferes with the de novo pathway of purine synthesis
and DNA replication, producing cytostatic effects on T
and B cells. Mycophenolate mofetil is rapidly converted
to mycophenolic acid in the liver and enterohepatic recir-
culation of mycophenolic acid may occur. Typical doses
of mycophenolate mofetil range from 500-1500 mg
orally twice daily. Magnesium and zinc containing prod-
ucts should not be co-administered with mycophenolic
acid. Common adverse effects of mycophenolate mofetil
include nausea, diarrhea, leukopenia, and thrombocyto-
penia.

The efficacy of mycophenolate mofetil in renal trans-
plantation has been reported in several trials. Mycophe-
nolate mofetil-treatment groups demonstrated a reduced
incidence and severity of early rejection episodes as
compared to azathioprine-treated patients in treatment
regimens consisting of tacrolimus plus corticosteroid as
well as cyclosporine plus corticosteroids®. Follow-up of
the Tri-continental mycophenolate mofetil study at 3 years
found the decreased incidence of eatly rejection in the
mycophenolate mofetil arm had not translated into a sig-
nificant improvement in graft function or survival ., As
a result of the summative evidence from these trials, the
KDIGO Clinical Practice Guidelines suggest that myco-
phenolate be the first-line antiproliferative agent (Level 2B
Recommendation)"”.

Mycophenolate mofetil is often associated with up-
per and lower gastrointestinal side effects that are dose
related. Enteric-coated mycophenolate sodium has been
developed to help circumvent the upper gastrointestinal
side effects by facilitating release in the small intestine!”.
Two major clinical trials demonstrated that entetic coated
mycophenolate sodium is therapeutically equivalent to
mycophenolic mofetil, and that both drugs have a similar
incidence and severity of side effects'™". These trials
did not demonstrate a statistically significant difference
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in overall gastrointestinal symptoms when patients were
given equivalent doses of mycophenolate mofetil or
enteric-coated mycophenolate sodium (250 mg of my-
cophenolate mofetil is equivalent to180 mg of enteric
coated mycophenolate sodium).

Other clinical trials that have been published since
enteric coated mycophenolate sodium was approved have
attempted to explore the gastrointestinal profiles of the
two formulations of mycophenolic acid™". Many trials
have proven a beneficial effect of enteric coated myco-
phenolate sodium”"™ while others have not reported
a difference in gastrointestinal related adverse effects
between mycophenolate mofetil and enteric coated my-
cophenolate sodium™ ™. In the myTIME, Progtis and
myGAIN">*"* studies, patients reported improvement in
their perception of change in GI symptom burden after
conversion to enteric coated mycophenolate sodiumusing
the self-administered GSRS questionnaire, overall treat-
ment effect (OTE) scale for gastrointestinal symptoms
and OTE scale for health-related quality of life question-
naires.

It is possible that gastrointestinal events are multi-
factorial (infectious etiology, related to gastroparesis or
other concomitant medications) and enteric coated my-
cophenolate sodium may offer benefit to specific popula-
tions. If a patient fails mycophenolate mofetil because of
the gastrointestinal side effects, then the patient may ben-
efit if switched to enteric coated mycophenolate sodium.
Also, if the patient is predisposed to gastrointestinal dis-
orders, then enteric coated mycophenolate sodium may
be a better initial choice for the patient. These perceived
benefits should be weighed with the cost savings associ-
ated with generic mycophenolate mofetil.

Mizoribine is a purine analog that was identified and
developed in Japan in the 1970s and has been used in
Japan since 1984 as an immunosuppressive agent. It has
been registered in Japan for the prevention of rejection
in renal transplantation and for the treatment of lupus
nephritis, theumatoid arthritis and nephritic syndrome.
Mizoribine selectively inhibits IMPDH and guanosine
monophosphate synthetase. This prevents the synthesis
of guanine nucleotides (GMP) from inosine mono-
phosphate in activated leukocytes™ ™. The deficiency of
guanosine monophosphate (GMP) causes T-cell inactiv-
ity and therefore a deficiency of immune response upon
antigen presentation. Mizoribine also affects the humoral
response by directly inhibiting the proliferation of B-cells
and cell-mediated immunity™™,

Mizoribine has been used only in Japan and a few
other Asian countries; it has not been extensively used
in other countries since there were alternative FDA ap-
proved antimetabolite immunosuppressants such as aza-
thioprine and mycophenolic acid which have been shown
to be efficacious. Mizoribine has been studied as an ad-
junct medication to standard calcineurin inhibitor immu-
nosuppressive regimens to reduce the need for a higher
dose of calcineurin inhibitors which may precipitate vari-
ous adverse reactions such as nephrotoxicity, hyperlip-
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idemia, diabetes, and osteoporosis apart from other less
serious adverse events. Multiple clinical trials with 4906
cases receiving mizoribine for kidney transplantation and
other disease states showed leukopenia, abnormal hepatic
function, rash, increased levels of uric acid, and vomiting
to be the most common adverse reactions. The incidence
of adverse reactions was reported to be in about 0.5% of
the mizoribine treated patients[gsl.

Historically mizotibine 1-3 mg/kg per day has been
used as a substitute for azathioprine in combination with
lower doses of cyclosporine and steroids. A clinical study
comparing the cyclospotine/azathioprine and cyclospo-
rine/mizoribine regimens showed the mizotibine group
to be equally immunosuppressed with fewer side effects
such as myelosuppression and liver dysfunction®. How-
ever a few clinical studies in the late 1980s showed the
1-3 mg/kg per day dose to be slightly less efficacious and
have fewer adverse effects compared with azathioprine+
cyclosporine+ steroid therapy[87j. Due to this conflicting
evidence, mizoribine was not well received in the western
world. Akiyama ez al® showed that a high dose (5 mg/kg
per day) regimen has significantly higher rejection-free
rates within 3 mo after transplantation (85%) compared
with a 3 mg/kg per day low dose regimen (64.9%) and a
3-5 mg/kg per day intermediate dose regimen (65.1%).
Tanabe ¢f a/* reported that the 10-year survival of cy-
closporine/mizotibine was equivalent to cyclosporine/
azathioprine. Tanabe 7 al* also showed mycophenolate
mofetil and mizoribine based tacrolimus regimens to
have similar rejection rates 249%™, Considering various
trials, mizoribine may have a place in the post-transplant
care of patients who are not successful with the myco-
phenolic acid regimen for adequate immunosuppression.

Novel mechanisms

The protein kinase C inhibitor sotrastaurin (AEB071,
Novartis) is an inhibitor of eatly T-cell activation via a
calcineurin inhibitor independent pathway. Activation of
the T-cell receptor plus CD28 results in T-cell activation
via protein kinase C signaling and IL-2 production. It is
in development for prevention of organ rejection after
renal transplantation and treatment of psoriasis[%’()”. So-
trastaurin has shown to have a good tolerability profile
with few adverse effects”™. The most common adverse
effects include nausea, vomiting and headache. Elevated
liver function tests, tachycardia, serum creatinine eleva-
tion, hypertension and dyslipidemia were reported less
frequentlypzj. An important drug interaction between so-
trastaurin and tacrolimus should be noted. In a phase II
trial, tacrolimus doses were 47% lower when combined
with sotrastaurin »s with mycophenolic acid™™,

Initial phase II trials evaluating the effectiveness
of sotrastaurin were disappointing and were stopped
early due to an increase in acute rejection in sotrastau-
rin treated groupsm]. In this trial patients were initially
placed on sotrastaurin and steroids plus either standard
exposure tacrolimus or reduced exposure tacrolimus. A
control arm consisted of standard exposure tacrolimus,
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mycophenolic acid and corticosteroids. Three-month
follow-up indicated equivalent outcomes. At this phase
of the trial (3 mo), patients in the sotrastaurin arms were
eligible for conversion to mycophenolic acid in place of
tacrolimus. After conversion, there was a significantly
higher acute rejection rate in the sotrastaurin groups. The
incidence of new-onset diabetes in the control group was
14.9% as compared to 6%-8% in the sotrastaurin groups.
However, the median estimated glomerular filtration rate
was not significantly different for the two study groups
compared with the control group at any time point. A
second phase I study utilized a de novo calcineurin-free
regimen of sotrastaurin, mycophenolic acid, and steroids
and was compared with the control group of tacrolimus,
mycophenolic acid, and steroids””. Again, a higher acute
rejection rate was noted in the sotrastaurin group, and the
trial was halted. A third phase II trial studying sotrastau-
rin in combination with everolimus is ongoing.

Belatacept (Nulojix®, Bristol Myers Squibb) is a sec-
ond generation co-stimulation blocker that received FDA
approval for use in kidney transplantation in June of
2011. It is the first of a new immunosuppressant class
of drugs that is as effective as cyclosporine and better at
preserving kidney function. Belatacept is administered as
a well-tolerated intravenous infusion over 30 min. The
recommended dosing is 10 mg/kg administered, prior to
transplantation, on day 5, and at the end of weeks 2, 4, 8,
and 12, then 5 mg/kg every 4 wk (plus or minus 3 d).

Abatacept, the parent molecule of belatacept, was ap-
proved by the FDA for rheumatoid arthritis and juvenile
idiopathic arthritis and was considered as a potential agent
for solid organ transplantation due to its unique mecha-
nism of action. However, abatacept showed poor efficacy
in pre-clinical studies on primate renal transplant models
and this was attributed to incomplete blocking of the co-
stimulation pathway due to its uneven CD80 and CD86
antagonism (approximately 5:1) in the antigen presenting
cells™™, Belatacept was developed by altering two amino
acids in the B7 ligand binding portion of the abatacept
molecule. This resulted in a 4 fold increase in CD86 an-
tagonism and 2 fold increase in CD80 antagonism making
belatacept about 10 times more efficacious in blocking
the co-stimulation pathway[%]. Due to concentration de-
pendent antagonism of the B7 ligands, belatacept has a
weight based dosing regimen. Intravenous dosing is also
another key difference of belatacept compared to other
conventional immunosuppressive regimens.

A summary of the clinical trials published to date can
be found in Table 5. In the first 6-mo of a partially blind-
ed, parallel group, phase 2 study, more intensive belata-
cept (11 infusions of 10 mg/kg over the first 6 mo, then
5 mg/kg infusions every 4-8 wk), less intensive belatacept
(five infusions of 10 mg/kg over 3 mo, then 5 mg/kg
infusions every 4-8 wk), and cyclosporine administra-
tions were comparedm. All patients received basiliximab,
mycophenolate mofetil and corticosteroids (# = 218).
Similar rates of acute rejection and graft loss occurred in
each arms, while the glomerular filtration was statistically
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higher in each of the belatacept arms. The belatacept
groups had less chronic allograft nephropathy, diabetes,
hypertension and hyperlipidemia.

The efficacy and safety of belatacept in adult de novo
kidney transplant patients were studied in two 3-year,
phase 3, open-label, randomized, multicenter, active-
controlled studies: Belatacept Evaluation of Nephro-
protection and Efficacy as First-Line Immunoprotection
Trial BENEFIT) and BENEFIT Extended Criteria Do-
nor (BENEFIT-EXT)"""™. Tn both trials, patients were
randomized into three groups: more intensive belatacept,
less intensive belatacept and cyclosporine. All patients
received basiliximab, mycophenolate and corticosteroids.
BENEFIT - EXT was designed similarly to the BEN-
EFIT trial with the inclusion of expanded criteria donors.
In the BENEFIT trial, despite the higher incidence of
acute rejection in the belatacept arm, at the end of the
first year renal function was statistically superior in the
belatacept arms (more intensive 65 mL/min, less inten-
sive 63 mL/min, and cyclosporine 50 mL/min). Two-
year follow-up showed non-inferiority of two belatacept
regimens when compared to a standard regimen of
cyclosporine for the primary end-points of patient and
graft survival in standard criteria kidney transplants and
continued improvement in renal function (more intensive
65 mL/min, less intensive 68 mL/min, and cyclosporine
51 mL/min)""", In contrast in the BENEFIT-EXT trial,
acute rejection rates were similar and renal function was
statistically superior in the more intensive belatacept
group, but not the less intensive group (more intensive
22%, less intensive 17%, and cyclosporine 7%)“021. Three-
year follow-up of these trials demonstrated persistent im-
provement in renal function (mean change +21 mL/min
in the BENEFIT and +10 mL/min in the BENEFIT-
EXD)". A major concern that arose from these trials
was the high incidence of post-transplant lymphopro-
liferative disease in the belatacept treated Ebstein-Barr
virus seronegative recipient arms. Therefore the drug is
contraindicated in patients that are Ebstein-Barr virus
seronegative.

One limitation of the BENEFIT and BENEFIT-
EXT trials is that cyclosporine, a less contemporary im-
munosuppressive, was utilized. More recently, a trial was
reported that incorporated a more current immunosup-
pressive regimen. In a phase II, 1 year randomized study,
belatacept/mycophenolate mofetil, belatacept/sirolimus
and tacrolimus/mycophenolate mofetil, in combination
with rabbit antithymocyte globulin and without cortico-
steroids were compared (7 = 89", Acute rejection was
highest in the belatacept/mycophenolate mofetil arm,
graft loss was lowest in the tacrolimus/mycophenolate
arm and renal function was improved in the belatacept
arms.

A conversion trial was recently conducted to test the
hypothesis that belatacept-based regimens may provide
a treatment option for calcineurin-based maintenance
immunosuppression. Patients who were less than 6 mo
but greater than 36 mo after transplantation with stable
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Table 5 Summary of the Belatacept trials

Study Phase T
Author Vincenti
Induction Basiliximab
Study drug MI B LIp CsA
Maintenance MMF + steroids
Demographics
No. of patients 74 71 73
Age (yr) 47 42 46
Deceased donor (%) 69 73 78
Female (%) 27 32 33
Re-transplantation (%) 1 6 3
PRA >20% (%) 1 3 1
African-American (%) 8 9 8
CIT (h) 20 20 18
CIT (> 24 h) (%) Not reported
Delayed graft function (%) Not reported
Endpoints 6-12 mo 6 mo
Acute rejection (%) 7 6 8
Acute Rejection (Grade 1) (%) 4 B 6
Measured GFR (mL/min) 66 62 54
NODAT (%) Not reported
CAN (Stage Il or II) (%) 8 9 9
Endpoints 12 mo
Graft survival (%) 99 100 95
Patient survival (%) 96 99 97
Cancer 2 0 2
PTLD 2 0 0
Endpoints 2 yr
Acute rejection
Measured GFR (mL/min)

Graft survival (%)

Patient survival (%)
Endpoints 3 yr

Acute rejection (%)

Measured GFR (mL/min)

Patient/ graft survival (%)

Benefit Benefit-EXT
Vincenti Durrback
Basiliximab Basiliximab
MI B LIB CsA MIB LIB CsA
MMF + steroids MMF + steroids
225 230 231 193 193 192
44 43 44 57 56 56
42 100 100 100
31 35 25 35 26 37
4 3 6 Not reported
11 13 8 0 1 3
7 10 8 14 14 12
16.3 Not reported
Not reported 39 43 44
16 14 18 47 47 49
12 mo 12 mo
22 17 7 18 18 14
17 11 4 14 15 12
65 63 50 52 50 45
7 4 10 2 5 9
4 6 7 10 12 4
98 98 96 91 91 89
97 98 97 96 98 96
3 1 4 4 6
1 1 0 3 3 0
24 17 9 17 18 15
65 68 51 52 50 45
94 95 91 83 84 93
97 97 94 93 94 94
24 17 10 18 19 16
65 66 44 43 42 32
92 92 89 80 82 80

CsA: Cyclosporine; MI: More intensive; LI: Less intensive; PTLD: Post-transplant lymphoproliferative disorder; NODAT: New onset of diabetes mellitus

after transplantation; CIT: Cold ischemia time; GFR: Glomerular filtration rate.

>

graft function (calculated glomerular filtration rate =
35 mL/min and < 75 mL/min) were randomized to ei-
ther switch to belatacept (7 = 84) or continue calcineutin
inhibitor treatment (z = 89)"". At month 12, the mean
change in calculated glomerular filtration rate from base-
line was higher in the belatacept group #s the calcineurin
inhibitor group. Six patients in the belatacept group had
acute rejection episodes, all of them within the first
6 mo; all cases were resolved with no allograft loss. At
month 24, mean calculated glomerular filtration rate was
62.0 mL/min in the belatacept arm »s 55.4 mL/min in
the calcineurin inhibitor arm"™", The mean change in
calculated glomerular filtration rate from baseline was
+8.8 mL/min in the belatacept arm and +0.3 mI./min in
the calcineurin inhibitor arm. The relative renal benefit of
belatacept was observed in patients switched from either
cyclospotine (+7.8 ml./min) or tacrolimus (+8.9 mI./min),
and was observed regardless of baseline renal function.
Patient survival, graft survival and the overall safety pro-
file was similar between groups.

Belatacept is the first immunosuppressive to demon-
strate a renal benefit over a calcineurin inhibitor based
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regimen. The chronic intravenous administration of
the belatacept remains controversial. It could be prove
beneficial due to increased patient compliance with less
frequent (monthly) administration as compared to other
daily and twice daily oral regimens. In contrast, it may be
perceived as a barrier to patients without social support
that cannot readily access an infusion center. Admin-
istration and drug costs may also influence prescribing
patterns and patient compliance. Another special con-
sideration for belatacept is that it has a relatively long
half-life and cannot be discontinued in cases of severe
infection. Further trials are needed to explore the long-
term outcomes, the impact of Epstein-Barr virus on
post-transplant lymphoproliferative disease, and chronic
allograft nephropathy. These trials should include more
current immunosuppressive regimens.

Tofacitinib (CP-690550, Pfizer Inc.), previously called
tascocitinib, is a kinase inhibitor with immunosuppzres-
sant properties and is being developed by Pfizer. Its novel
mechanism of action, successful preclinical results in pre-
vention of acute graft rejection, as well as its recent suc-
cesstul clinical trials using an oral dosage form (compared
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to parenteral biologic alternatives) for autoimmune con-
ditions such as rheumatoid arthritis and psoriasis make
this a very promising agent for prophylaxis of acute re-
jection in solid organ transplant patients. In a normal im-
mune response relating to the signal 3 cascade, cytokines
bind and activate type- I and type-II cytokine receptors
which in-turn activate the janus kinase (intracellular non-
receptor tyrosine kinases) phosphorylation reactions'".
JAK-1 and JAK-3 dependent activation of the STAT
(signal transduction and activator of transcription) tran-
scription factors leads to IL-2 driven T-cell proliferation
whereas JAK-2 phosphorylation leads to GM-CSF-driven
proliferation of HUO3 cells"™ """, Tofacitinib is a small
molecule agent which exhibits selective inhibition for the
JAKS, with more specificity for JAK-1 and JAK-3. There-
fore it primarily targets and inactivates the JAK/STAT
dependent I1.-2 induced T-cell proliferation.

Tofacitinib is being studied as a drug to be used in
place of calcineurin inhibitors along with other anti-
metabolite agents, primarily to take advantage of the
specificity of the agent in immunosuppression and also
for its expected low adverse effect profile owing to this
specificity and novelty in the mechanism of action. In
a small initial clinical study on de nowvo kidney allograft
recipients comparing tofacitinib regimen at 15 mg bid
(CP15) and 30 mg bid (CP30) with tacrolimus, research-
ers reported the 6-mo biopsy-proven acute rejection rates
to be 1 of 20, 4 of 20 and 1 of 21 for CP15, CP30 and
tacrolimus groups respectively and concluded the 15 mg
bid regimen to be similar to the tacrolimus regirnen““]. In
a subsequent phase-2 trial (# = 322), a standard cyclospo-
rine regimen was compared with a 15 mg bid regimen of
tofacitinib which is subsequently switched to 10 mg bid
after 3 mo (less-intensity) and another 15 mg bz regimen
of tofacitinib which is switched to 10 mg bid after 6 mo
(more-intensity). The biopsy proven acute rejection at 6
mo with the low-dose group (12.4%) was lower than the
more-intensity or cyclosporine groups (16.1% and 17.7%,
respectively)''?. Tn terms of glomerular filtration rate at
12 mo, the tofacitinib groups (less-intensity: 64.7 mL/min
and more-intensity: 64.6 mL/min) showed a significant
difference in preservation of renal function compared to
the cyclosporine group (53.9 mL/min).In this study, the
researchers have seen a lower incidence of chronic al-
lograft nephropathy in the more intense and less intense
groups (25% and 23.9% respectively) compared to the
cyclosporine group (48.3%).

In a preliminary clinical study Busque ¢ al'™ compared
mycophenolate mofetil + tofacitinib regimens at 15 mg
bid (CP15) and 30 mg bid (CP30) tofacitinib with myco-
phenolate mofetil plus tacrolimus and reported a high in-
cidence of BK virus in the CP30 group (4/20) and simi-
latly a higher 6 mo rate of CMV disease (4/20) compared
to CP15 and tacrolimus (2/20 and 0/20 respectively).
Some other common abnormalities noted with this agent
were lipid elevations and a frequent anemia and neutrope-
nia trending during the first 6 mo of the treatment. Gas-
trointestinal symptoms such as abdominal pain, diarrhea,
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dyspepsia and vomiting were some of the other common
side effects reported with this agent“m. In the phase 2
trial, there were also fewer cases of new-onset diabetes
in the more-intense and less-intense groups (9.9% and
9.3% respectively) compared to cyclosporine (20.8%)""%,
The rate of serious infections, BK virus nephritis, post-
transplant lymphoproliferative disorder and CMV disease
was higher in the tofacitinib groups'”

Tofacitinib, with its novel mechanism of action, less
potential for nephrotoxicity and excellent graft survival
data, is an important addition to the immunosuppres-
sive arsenal. Quaedackers e7 a/''" reported the analysis of
P-STATS as a potential monitoring parameter to measure
the level of immunosuppression by tofacitinib; such
markers could be vital in guiding dosage regimens of
JAK inhibitors in transplant patients. About 43%-45% of
tofacitinib treated patients have reported to discontinue
the medication by the end of 12 mo compared to only
28% of the cyclosporine group. This could be due to the
side-effect profile of the medication'”. Although there
have been promising results in the renal protective nature
of this agent, there has to be a proper screening protocol
and compliance programs associated with further phase 3
studies that should monitor post-transplant lymphopro-
liferative disorder and address compliance.

ANTIBODY MEDIATED REJECTION

Historically, antibody mediated rejection has been very
difficult to reverse and has not been well studied. Acute
antibody-mediated rejection is less responsive to conven-

tional anti-rejection therapy and has a worse prognosis
than acute cellular rejection. Treatment regimens may
include one or more of the following: plasmapheresis, in-
travenous immunoglobulin (IVIG), and rituximab!"™ ",
The first prospective randomized study comparing these
strategies (plasmapheresis/IVIG/tituximab s IVIG alone)
demonstrated improved graft survival in the combina-
tion group'”. The KDIGO Clinical Practice Guidelines
suggest treating antibody-mediated acute rejection with
one or more of the following alternatives with or without
corticosteroids: plasma exchange; intravenous immuno-
globulin; anti-CD20 antibody; lymphocyte-depleting an-
tibody (Grade 2CRecommendation)””. A review of anti-
body mediated rejection has recently been published“zz].
Bortezomib (Velcade®, Millenium Pharmaceuticals)
has demonstrated promise in the treatment of acute anti-
body mediated rejection. Seven years after the initial syn-
thesis in May of 2003, bortezomib was approved in the
United States for multiple myeloma. Bortezomib, the only
proteasome inhibitor that was approved by FDA, inhibits
the degradation of cell-cycle regulatory proteins resulting
in cell-cycle death »iz apoptosis. It is metabolized zia the
cytochrome P450 system, a major substrate of 2C19 and
3A4 and inhibitor of 2C19. Ketoconazole causes a 35%
increase in bortezomib area under the time concentration
curve, and bortezomib may decrease concentration of
the active metabolites of clopidogrel, a 2C19 substrate.
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Table 6 Food and drug administration indications of immunosuppressive agents

Generic Brand FDA indication Company
Basiliximab Simulect Prevention of acute rejection in kidney transplantatation Novartis
Rabbit anti-thymocyte globulin ~ Thymoglobulin Treatment of corticosteroid resistant rejection in kidney transplantation ~Genzyme
Alemtuzumab Campath Treatment of B-cell chronic lymphocytic leukemia Berlex Laboratories
Efaluzimab No longer FDA Management of moderate to severe chronic plaque psoriasis Genentech-Merck
approved Raptiva in adults
Alefacept Amevive Treatment of moderate-to-severe chronic plaque psoriasis in adults Astellas
who are candidates for systemic therapy or phototherapy
Tacrolimus prolonged release  Advagraf (in Canada) Not FDA approved Astellas
Cyclosporine Neoral Prevention of acute rejection in renal transplant recipients Novartis
Tacrolimus Prograf Prevention of acute rejection in renal transplant recipients Astellas
Voclosporin Not FDA approved Isotechnika Pharma
Everolimus Afinitor, Zortress Treatment of advanced renal cell cancer (Afinitor®); treatment of Novartis
subependymal giant cell astrocytom associated with tuberous
sclerosis (Afinitor®); treatment of advanced, metastatic or
unresectable pancreatic neuroendocrine tumors (Afinitor®);
prophylaxis of organ rejection in patients at low-moderate
immunologic risk receiving renal transplants (Zortress)
Azathioprine Imuran Adjunctive therapy in prevention of rejection of kidney transplants; Glaxo-Smith-Kline
management of active rheumatoid arthritis
MMF Cellcept Prophylaxis of organ rejection concomitantly with cyclosporine Genentech
and corticosteroids in patients receiving allogeneic renal cardiac,
or hepatic transplants
Mycophenolate sodium Myfortic Prophylaxis of organ rejection concomitantly with cyclosporine and Novartis
corticosteroids in patients receiving allogeneic renal transplantation
Mizoribine Not FDA approved Asahi Kasei Pharma
Sotrastaurin, AEB-071 Not FDA approved Novartis
Belatacept, BMS224818 Nulojix Prevention of acute rejection in renal transplant recipients Bristol-Myers-Squibb
Tolfacitinib, formerly Not FDA approved Pfizer
tasocitinib, CP-690550
Rituximab Rituxan Treatment of CD20-positive non-Hodgkin’s lymphomas; Genentech
Treatment of moderately- to severely-active rheumatoid arthritis
in adult patients with inadequate response to one or more TNF
antagonists; Treatment of Wegener’s granulomatosis; Treatment
of microscopic polyangiitis
Bortezomib Velcade Treatment of multiple myeloma; treatment of relapsed or refractory Millenium
mantle cell ymphoma Pharmaceuticals
Eculizumab Soliris Treatment of paroxysmal nocturnal hemoglobinuria to reduce Alexion
hemolysis Pharmaceuticals

FDA: Food and drug administration.

Over the counter products like grapefruit juice may cause
an increase in bortezomib levels, St. John’s Wart may
decrease bortezomib levels, and green tea and ascorbic
acid supplements may diminish the therapeutic effects of
bortezomib. Adverse events associated with bortezomib
are neutropenia, thrombocytopenia, nausea, vomiting,
diarrhea, constipation (up to 50%), reversible peripheral
neuropathy (up to 30%), hypotension, QT prolongation,
heart failure, pneumonitis and pneumonia.

Bortezomib’s ability to cause cell cycle arrest and apop-
tosis has intrigued the transplant community. Case series
have reported the use of bortezomib to remove HLA anti-
bodies in live-donor transplant recipients with HLA alloan-
tibodies"”'"*" and to treat antibody and cell-mediated acute
rejection . A comprehensive review of bortezomib
use in renal transplantation has recently been published“zg].
Reported dosing of bortezomib is 1.3 mg/ m’ on days 1, 4,
8, 11. No adjustments are necessary for renal impairment,
but the dosage should be reduced by one-half for moder-

ate to severe hepatic impairment.
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Eculizumab (Soliris®, Alexion Pharmaceuticals) is a
humanized monoclonal IgG antibody that binds to com-
plement protein C5, preventing cleavage into C5a and
C5b. Blocking the formation of C5b inhibits the subse-
quent formation of terminal complex C5b-9 or mem-
brane attack complex (MAC). Terminal complement-
mediated intravascular hemolysis is a key clinical feature
of paroxysmal nocturnal hemoglobinuria, the products
FDA indication. Blocking the formation of membrane
attack complex results in stabilization of hemoglobin and
thereby a reduction in the need for red blood cell transfu-
sions.

The currently approved dosing is 600 mg intravenous-
ly (infused over 35 min), every 7 d for the first 4 wk, fol-
lowed by 900 mg 7 d later; then maintenance of 900 mg
every 14 d thereafter. The risk for meningococcal (Neis-
seria meningitides) infections is increased with paroxysmal
nocturnal hemoglobinuria and maybe further increased in
patients receiving eculizumab. Vaccination with meningo-
coccal vaccine at least 2 wk prior to initiation of treatment
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is recommended. The most common side effects are
headache, nausea, fatigue, back pain, cough and nasophar-
yngitis.

Several case studies in renal transplant recipients have
reported success in treatment of atypical hemolytic ure-
15054 Beulizumab has
also been successful in reducing antibodies in a highly
sensitized patient prior to live donor transplant[1351 and
in prevention of antibody mediated rejection in patients

mic syndrome with eculizumab

with donor specific antibodies and positive flow cross-
matches (# = 4. In a larger case-control study, pa-
tients with donor specific antibodies who received pre-
transplant plasmapheresis and post-transplant eculizumab
were compared to historical controls”. At a median
follow up of 12 mo for the eculizumab group, antibody
mediated rejection occurred in 7.7% (2/16) in the ecu-
lizumab group compared to 40% (20/51) in the control
group (P < 0.001). Eculizumab 600 mg weekly for six
doses with plasmapheresis has also been successful in
reversing refractory, early (mean time 6.5 d), acute anti-
body mediated rejection in four transplant recipients' .
Mean follow up time is 6.4 = 5.7 mo, and while antibod-
les persisted in the majority of the patients, the allografts
are functioning and infectious complications have not
occurred.

Despite the small sample size and lack of random-
ized controls, these studies are encouraging, and although
larger studies and long-term follow-up are needed, bort-
ezomib and eculizumab may play a major role in antibody
mediated therapy in the future. Their role in transplant
desensitization may be better elucidated as mote clinical
data and well-designed clinical trials become available.

CONCLUSION

The past decade has brought about significant improve-
ments to the immunosuppressive armamentarium. Evi-
denced based medicine has provided valuable informa-
tion to manage post-transplant immunosuppression in
the three categories of “induction”, “maintenance” and
“treatment of rejection”. The FDA indications are listed
in Table 6.

Two drug classes are used for “induction”: polyclonal
antibodies (anti-thymocyte globulins) and IL-2 receptor
antagonist (basiliximab). Basiliximab may be preferred in
low-risk patients and rATG in high risk patients. Recently,
alemtuzumab has shown promise in low-risk patients.
Future research is warranted with alefacept.

“Maintenance” immunosuppressives consist of calci-
neutin inhibitors, mTOR inhibitors, antimetabolites and
corticosteroids. Today tacrolimus is the most commonly
used calcineurin inhibitor. Prolonged release tacrolimus
providesonce daily dosing of this product and hopefully
will simplify a complex post-transplant immunosuppres-
sive regimen. At this point in the clinical trials, voclospo-
rin, a cyclosporine analog, has not shown superior ef-
ficacy outcomes, but perhaps improvement in the safety
profile (namely new-onset diabetes after transplant) will
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secure its place in transplant immunotherapy. Although
calcineurin inhibitors have significantly lowered acute re-
jection rates, they are direct nephrotoxins and chronic al-
lograft nephrotoxicity still persists. A potential alternative
to the calcineurin inhibitor-based regimens are mTOR-
inhibitors, sirolimus and everolimus. The de novo use of
mTOR inhibitors although promising has been associ-
ated with many adverse effects and it appears the mTOR
conversion is only successful in a subgroup of patients.
Whether calcineurin inhibitor-free/sparing regimens us-
ing mTOR-I maintenance therapy is efficacious in the
long term remains unknown. Currently there are three
antimetabolites on the market: azathioprine, mycopheno-
late mofetil, and mycophenolate sodium.It is still unclear
whether enteric coated mycophenolate sodium has a
gastrointestinal side effect benefit over mycophenolate
mofetil. These perceived benefits should be weighed with
the cost savings benefit associated with generic myco-
phenolate mofetil. Three maintenance agents with novel
mechanisms of actionto watch include: sotrastaurin, a
protein kinase C inhibitor; belatacept, a recently approved
costimulation blocker; and tolfacitinib, a JAK 3 inhibitor.
Belatacept, the first immunosuppressive to demonstrate
a renal benefit over a calcineurin inhibitor based regimen,
may prove beneficial to the immunosuppressive mainte-
nance regimens.

Treatment regimens for humoral rejection may in-
clude one or more of the following: plasmapheresis, in-
travenous immunoglobulin, and rituximab. Investigations
of bortezomib and eculizumab, have been hindered by
small, non-randomized trial. Although results are encour-
aging, larger studies and long-term follow-up is needed.

While awaiting further advances in the immunosup-
pressive armamentarium, we should be able to improve
the functional life of most renal allografts by tailoring our
available agents for induction and maintenance therapy.
The information gained through further study in these
complex regimens should provide innovative strategies
and new immunosuppressive agents that will serve to
extend the functional life of allografts without toxicity or
infection.
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2220-3230, DOI: 10.5500) is a bimonthly peer-reviewed, online,
open-access (OA), journal supported by an editorial board consist-
ing of 100 experts in transplantation from 29 counttries.
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full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.e. the maximization of the value to
the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scientists
and the public. As we all know, the significance of the publication
of scientific articles lies not only in disseminating and communicat-
ing innovative scientific achievements and academic views, as well
as promoting the application of scientific achievements, but also in
formally recognizing the "priority" and "copyright" of innovative
achievements published, as well as evaluating research performance
and academic levels. So, to realize these desired attributes of WJT
and create a well-recognized journal, the following four types of
personal benefits should be maximized. The maximization of per-
sonal benefits refers to the pursuit of the maximum personal ben-
efits in a well-considered optimal manner without violation of the
laws, ethical rules and the benefits of others. (1) Maximization of
the benefits of editorial board members: The primary task of edito-
rial board members is to give a peer review of an unpublished sci-
entific article via online office system to evaluate its innovativeness,
scientific and practical values and determine whether it should be
published or not. During peer review, editorial board members can
also obtain cutting-edge information in that field at first hand. As
leaders in their field, they have priority to be invited to write articles
and publish commentary articles. We will put peer reviewers’ names
and affiliations along with the article they reviewed in the journal to
acknowledge their contribution; (2) Maximization of the benefits
of authors: Since WJT is an OA journal, readers around the world
can immediately download and read, free of charge, high-quality,
peer-reviewed articles from WJT official website, thereby realizing
the goals and significance of the communication between authors
and peers as well as public reading; (3) Maximization of the benefits
of readers: Readers can read or use, free of charge, high-quality
peer-reviewed articles without any limits, and cite the arguments,
viewpoints, concepts, theories, methods, results, conclusion or facts
and data of pertinent literature so as to validate the innovativeness,
scientific and practical values of their own research achievements,
thus ensuring that their articles have novel arguments or viewpoints,
solid evidence and correct conclusion; and (4) Maximization of the
benefits of employees: It is an iron law that a first-class journal is
unable to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in an
open, fair and transparent environment, could contribute their wis-
dom to edit and publish high-quality articles, thereby realizing the
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maximization of the personal benefits of editorial board members,
authors and readers, and yielding the greatest social and economic
benefits.

Aims and scope

WJT aims to report rapidly new theories, methods and techniques
for prevention, diagnosis, treatment, rehabilitation and nursing in
the field of transplantation. I/JT covers topics concerning organ and
tissue donation and preservation; tissue injury, repair, inflammation,
and aging; immune recognition, regulation, effector mechanisms,
and opportunities for induction of tolerance, thoracic transplanta-
tion (heart, lung), abdominal transplantation (kidney, liver, pancreas,
islets), transplantation of tissues, cell therapy and islet transplanta-
tion, clinical transplantation, experimental transplantation, immu-
nobiology and genomics, xenotransplantation, and transplantation-
related traditional medicine, and integrated Chinese and Western
medicine. The journal also publishes original articles and reviews
that report the results of transplantation-related applied and basic
research in fields such as immunology, physiopathology, cell biol-
ogy, pharmacology, medical genetics, and pharmacology of Chinese
herbs.

Columns

The columns in the issues of WJT will include: (1) Editorial: To intro-
duce and comment on the substantial advance and its importance in
the fast-developing areas; (2) Frontier: To review the most represen-
tative achievements and comment on the current research status in
the important fields, and propose directions for the future research;
(3) Topic Highlight: This column consists of three formats, includ-
ing (A) 10 invited review articles on a hot topic, (B) a commentary
on common issues of this hot topic, and (C) a commentary on the
10 individual atticles; (4) Observation: To update the development
of old and new questions, highlight unsolved problems, and provide
strategies on how to solve the questions; (5) Guidelines for Clinical
Practice: To provide guidelines for clinical diagnosis and treatment; (G)
Review: To systemically review the most representative progress and
unsolved problems in the major scientific disciplines, comment on
the current research status, and make suggestions on the future work;
(7) Original Articles: To originally report the innovative and valuable
findings in transplantation; (8) Brief Articles: To briefly report the
novel and innovative findings in transplantation; (9) Case Report: To
report a rate or typical case; (10) Letters to the Editor: To discuss and
make reply to the contributions published in IWJT, or to introduce
and comment on a controversial issue of general interest; (11) Book
Reviews: To introduce and comment on quality monographs of
transplantation; and (12) Guidelines: To introduce consensuses and
guidelines reached by international and national academic authorities
wotldwide on the research in transplantation.
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Biostatistical editing

Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects (7).
Losses in observations, such as drop-outs from the study should be
reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any po-
tential bias, WJT requites authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conlflicts of Interest” from International Committee of Medical
Journal Editors (ICMJE), which is available at: http://wwwicmje.
org/cthical_4conflicts.html.
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organization|. [Name of individual] owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee or it
should be stated clearly in the text that all persons gave their informed
consent ptior to their inclusion in the study. Details that might disclose
the identity of the subjects under study should be omitted. Authors
should also draw attention to the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow
the highest standards and the trial should conform to Good Clini-
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cal Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Trials) and/or the World Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional review board.
If human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encoutr-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each authot’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dur-
ing mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/2220-32300ffice. Authors
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wignet.com/2220-3230/
g_info_20100722180909.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
wjt@wijgnet.com, ot by telephone: +86-10-85381892. If you submit
your manuscript online, do not make a postal contribution. Repeat-
ed online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of the manuscript sections is as follows:
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Instructions to authors

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections. AIM
(no more than 20 words): Only the purpose should be included.
Please write the aim as the form of “To investigate/study/...;
MATERIALS AND METHODS (no more than 140 words);
RESULTS (no more than 294 words): You should present P val-
ues where appropriate and must provide relevant data to illustrate
how they were obtained, e.g. 6.92 = 3.86 »s 3.61 £ 1.67, P < 0.001;
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /www.wignet.com/2220-3230/g_info_20100725072755.htm.

Illustrations

Figures should be numbered as 1, 2, 3, ex., and mentioned cleatly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wijgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all eclements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..;B: . Gy D s Bl el Ge Ll It is our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e¢#., and mentioned
cleatly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, °P < 0.05 and “P < 0.01 are used.
A third series of P values can be expressed as “P < 0.05 and P<0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, ’F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
cutve should be labeled with @, o, m, O, A, /\, ez., in a certain se-
quence.
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Instructions to authors

REFERENCES

Coding system

The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability!”, Tf references are cited directly
in the text, they should be put together within the text, for example,
“From references!”**", we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensure
the spelling accuracy of the first authot’s name. Do not list the same
citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list, e.g.
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbets will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg.13.5390).

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English journal article (list all authors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg.13.
63506]

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
rhoea. Shijie Huaren Xiaohna Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci USA
2000; In press

Organization as author

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hyperzension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal anthors and an organigation as author

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01 ju.
0000067940.76090.73]

(49
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v

No anthor given

6 2lst century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.52.7 x]

ssue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRS.A
Careaction 2002; 1-6 [PMID: 12154804|

Books

Personal anthor(s)

10  Sherlock S, Dooley J. Discases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14  Christensen S, Oppacher E An analysis of Koza's computa-
tional effort statistic for genetic programming. In: Foster JA,
Lutton E, Miller ], Ryan C, Tettamanzi AG, editors. Genetic
programming, EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Iteland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)

16  Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flex-
ible endoscopic grasping and cutting device and positioning tool
assembly. United States patent US 20020103498. 2002 Aug 1

Statistical data
Write as mean = SD or mean * SE.

Statistical expression

Express 7 test as 7 (in italics), I test as F (in italics), chi square test as
y’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in

italics).

Units

Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 ug/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ex. Arabic
numerals such as 23, 243, 641 should be read 23243 641.
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The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2220-3230/
g info_20100725073806.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http:/ /www.wignet.com/2220-3230/g_info_20100725071
851.htm

Frontier: http:/ /www.wijgnet.com/2220-3230/g_info_20100725071
932.htm

Topic highlight: http:/ /wwwwijgnet.com/2220-3230/g_info_20100
725072121 . htm

Obsetvation: http:/ /wwwwijgnet.com/2220-3230/¢_info_20100725
072232.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/2220-3230/
g info_20100725072344.htm

Guidelines for clinical practice: http:/ /wwwwijgnet.com/2220-323
0/g_info_20100725072543.htm

Review: http://wwwwignet.com/2220-3230/¢g_info_201007250726
56.htm

Original articles: http:/ /wwwwijgnet.com/2220-3230/g_info_2010
0725072755.htm

Brief articles: http://wwwwijgnet.com/2220-3230/g_info_2010072
5072920.htm

Case report: http:/ /www.wignet.com/2220-3230/g_info_20100725
073015.htm

Letters to the editor: http://www.wjgnet.com/2220-3230/
g info_20100725073136.htm

Book reviews: http://wwwwijgnet.com/2220-3230/g_info_2010072
5073214.htm

Guidelines: http:/ /www.wjgnet.com/2220-3230/g_info_201007250
73300.htm
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Instructions to authors

SUBMISSION OF THE REVISED MANU-
SCRIPTS AFTER ACCEPTED

Please revise your article according to the revision policies of W/]T.
The revised version including manuscript and high-resolution image
figures (if any) should be te-submitted online (http://www.wignet.
com/2220-32300ffice/). The author should send the copyright
transfer letter, responses to the reviewers, English language Grade B
certificate (for non-native speakers of English) and final manuscript
checklist to wit@wignet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-3230/¢_info_20100725073726.htm.

Responses to reviewers

Please revise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/2220-3230/
g _info_20100725073445.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Links to documents related to the manuscript

WJT will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manuscript will be put on-line. Readers can make comments on
the peer reviewer’s report, authors’ responses to peer reviewers,
and the revised manuscript. We hope that authors will benefit from
this feedback and be able to revise the manuscript accordingly in a
timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http:/ /www.eurekalert.org). The title for
news items should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.

Publication fee

IVJT is an international, peer-reviewed, OA, online journal. Articles
published by this journal are distributed under the terms of the
Creative Commons Attribution Non-commercial License, which
permits use, distribution, and reproduction in any medium, pro-
vided the original work is propetly cited, the use is non commercial
and is otherwise in compliance with the license. Authors of ac-
cepted articles must pay a publication fee. The related standards are
as follows. Publication fee: 1300 USD per article. Editorial, topic
highlights, original articles, brief articles, book reviews and letters to
the editor ate published free of chatge.
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