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Abstract

Antibody induction therapy is frequently used as an ad-
junct to the maintenance immunosuppression in adult
kidney transplant recipients. Published data support
antibody induction in patients with immunologic risk to
reduce the incidence of acute rejection (AR) and graft
loss from rejection. However, the choice of antibody
remains controversial as the clinical studies were car-
ried out on patients of different immunologic risk and in
the context of varying maintenance regimens. Antibody
selection should be guided by a comprehensive assess-
ment of immunologic risk, patient comorbidities, finan-
cial burden as well as the maintenance immunosuppres-
sives. Lymphocyte-depleting antibody (thymoglobulin,
ATGAM or alemtuzumab) is usually recommended for
those with high risk of rejection, although it increases
the risk of infection and malignancy. For low risk pa-
tients, interleukin-2 receptor antibody (basiliximab or
daclizumab) reduces the incidence of AR without much
adverse effects, making its balance favorable in most
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patients. It should also be used in the high risk patients
with other medical comorbidities that preclude usage
of lymphocyte-depleting antibody safely. There are
many patients with very low risk, who may be induced
with intravenous steroids without any antibody, as long
as combined potent immunosuppressives are kept as
maintenance. In these patients, benefits with antibody
induction may be too small to outweigh its adverse ef-
fects and financial cost. Rituximab can be used in de-
sensitization protocols for ABO and/or HLA incompatible
transplants. There are emerging data suggesting that
alemtuzumab induction be more successful than other
antibody for promoting less intensive maintenance
protocols, such as steroid withdrawal, tacrolimus mono-
therapy or lower doses of tacrolimus and mycophenolic
acid. However, the long-term efficacy and safety of
these unconventional strategies remains unknown.

© 2012 Baishideng. All rights reserved.

Key words: Induction; Kidney transplant; Thymoglobu-
lin; Basiliximab; Alemtuzumab; Acute rejection; Graft
survival
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INTRODUCTION

Appropriate immunosuppression is a key component of
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successful kidney transplantation. It is generally accepted
that more intensive immunosuppression is required
initially to prevent acute rejection (AR) and graft loss
from AR, and less immunosuppression is subsequently
maintained to allow the recipient to tolerate allograft and
to minimize the adverse effects of immunosuppressive
drugs. Many transplant centers in the USA routinely use
an antilymphocyte antibody peti-operatively as induction
therapy in addition to a maintenance regimen. In the year
of 2008, 81.5% of kidney transplant recipients were giv-
en one of the following antibody inductions: thymoglob-
ulin (44.8%), basiliximab (17.8%), daclizumab (10.9%),
alemtuzumab (10.7%), and other 18.5% of patients do
not receive any antibody induction". The modern main-
tenance typically consists of a combination of two of
the three classes of agents, calcineurin inhibitor (CNI, ta-
crolimus or cyclosporine), mycophenolic acid (mycophe-
nolate mofetil or enteric coated mycophenolate sodium)
and mammalian target of rapamycin inhibitor (sirolimus
or everolimus), with or without steroids!". In this review,
we will discuss the controversial issue of various antibody
induction therapies, which were studied on adult patients
of different immunologic risk in the context of varying
maintenance immunosuppressive regimens.

OKT-3

OKT-3 is a murine monoclonal antibody against CD3
molecule. It depletes T cells by binding to the T-cell re-
ceptor-associated CD3 glycoprotein. Though historically
used, it was never approved in the USA by the food and
drug administration (FDA) as an induction agent. OKT-3
1s associated with many side effects, including first-dose
effect”™, pulmonary edema®, nephropathym, infection™
and malignancym. Antithymocyte globulin (ATG) prepa-
rations were demonstrated to be superior than OKT-3
in terms of decrease in the incidence of AR and better
tolerability® ", The use of OKT-3 was subsequently de-
creased and led to cessation of its production in 2009.

ATG

There are two forms of ATG that are polyclonal im-
munoglobulins against human thymocytes from either
horses (ATGAM) or rabbits (thymoglobulin). ATG binds
to various cell surface markers, including CD2, CD3,
CD4, CD8, CD11a and CD18, and leads to complement
dependent lysis of lymphocytes. ATG as well as OKT-3
and alemtuzmab are often referred as lymphocyte-deplet-
ing antibodies. ATGAM was approved by FDA for both

treatment and prevention of AR whereas thymoglobulin

was only approved to treat AR episodes. ATG use is as-
sociated with cytokine release syndrome, myelosuppres-
sion and rarely anaphylactic reaction!"". Several studies
found that thymoglobulin was more effective in prevent-
ing AR and was associated with better graft survival than
ATGAM"™", Subsequently, ATGAM was used less fre-
quently as induction therapy.
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Dose of thymoglobulin induction has ranged from 1
to 4 mg/kg per day for 3 to 10 d. One study compared 3-d
induction regimen (7 = 40) with the historic 7-d course (1
= 48). With 3-d course, thymoglobulin was administered
at 3 mg/kg intra-operatively followed by 1.5 mg/kg on
post-operative day 2 and 3. The 7-d course consisted of
1.5 mg/kg intra-operatively followed by same daily dose for
next 6 d. Shorter initial hospital stay (6.1 d 25 8 d) and more
profound lymphocyte depletion were observed in the 3-d
groupﬂﬂ. There was no difference in AR (5% s 4.2%)), graft
survival (95% »s 98%) and patient survival (95% vs 98 %0)
at the end of 1 year in the 3-d us 7-d group. Intraoperative
administration of thymoglobulin was found to be associ-
ated with a lower incidence of delayed graft function (DGF)
and shorter hospital stay"”. Doses less than 3 mg/kg may
not effectively prevent ARM., Higher dose and longer du-
ration of induction was associated with increased risk of
infection and lymphoma'”?!. Therefore, the optimal dose
of thymoglobulin induction might be a total of 6 mg/kg
administered as 1.5 mg/kg per day in 3 to 5 dr,

To compare thymoglobulin »s placebo induction, 89
sensitized renal transplant recipients received induction
with (47 patients) or without (42 patients) thymoglobulin.
The maintenance regimen consisted of cyclosporin, ste-
roids and azathioprine. At the end of 1 yeat, the incidence
of AR was 38% in thymoglobulin group and 64% in the
placebo group. Both graft survival (89% us 76%) and graft
function were better in thymoglobulin group than the
placebo groupml. Similar benefits with ATG induction
were reported by a meta-analysis of seven comparative
studies”™. Further analysis indicated that ATG induction
might reduce the risk of graft loss greater in sensitized
patients with high panel-reactive antibody (PRA) than in
unsensitized patients™”.

These studies were performed in the era of less potent
old maintenance immunosuppressives. The introduction of
modern more potent maintenance drugs has successfully
decreased the incidence of rejection and has improved
graft survival® . The independent use of either myco-
phenolic acid®”" or tacrolimus”** was found to have ad-
vantages over azathioprine or cyclosporine, respectively. In
a 3-group comparative study with 6-mo follow up, AR was
highest in the group receiving tacrolimus, azathioprine and
prednisone without induction (25.4%) compared to the
group receiving tacrolimus, azathioprine, prednisone and
thymoglobulin induction (15.1%) and the group receiving
cyclosporine, azathioptine, prednisone and thymoglobulin
(21.2%)*. In the two thymoglobulin induction groups,
tacrolimus arm had a lower incidence of AR than cyclo-
sporine arm. The patient and graft survival were similar
in all three groups. Both thymoglobulin groups had more
side effects including leukopenia, thrombocytopenia and
CMYV infection. In the era of modern potent maintenance
regimen including tacrolimus and mycophenolic acid, it is
unlikely that ATG induction can still provide that much
benefits as it was previously demonstrated in the context
of less potent maintenance of cyclosporine and azathio-
prine.
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INTERLEUKIN-2 RECEPTOR ANTIBODY

Daclizumab and basiliximab are the two interleukin (I1.)-2
receptor antibodies (IL-2R Ab). Daclizumab is a human-
ized antibody and basiliximab is a chimeric monoclonal
antibody. Both bind to the ¢, chain of I1.-2 receptor com-
plex (CD25) expressed on activated T lymphocytes. This
prevents the T cell activation and proliferation without
causing cell lysis. Therefore, they are also known as non-
depleting antibodies. IL-2R Ab was first introduced in
1997 and was FDA approved for induction therapy. They
have the best safety profile compared to other available
induction antibody without increased risk of infection or
ma]jgnanc§7[3{)'32].

IL-2R Abs have been subjected to numerous placebo-
controlled, randomized trials, which have showed a
reduction in AR rate compared with placebo (28% s
42%)[33’36]. In a meta analysis, the risk of AR is signifi-
cantly reduced in patients who received IL-2R Ab induc-
tion than in those with placebo at 6 mo (12 trials: relative
risk 0.66, 95% CI: 0.59-0.74) and at 1 year (10 trials: rela-
tive risk 0.67, 95% CI: 0.60-0.75)"". The incidences of
CMV infection and malignancy at 1 year were similar to
placebo control™. Both I1-2R Abs have similar efficacy
and safety profile, but basiliximab is administered as 2
doses within 4 d of transplantation, whereas daclizumab
is administered as 5 doses over 8 wk''"*” This difference
in convenience of administration led to more frequent
use of basiliximab than daclizumab. Subsequently, Roche
pharmaceuticals withdrew daclizumab from market in
October 2008.

Our centet’s decade - long expetience has indicated
that basiliximab induction is safe and adequate for kidney
transplant, including the high risk transplants, such as
deceased donor kidney transplants in highly sensitized
African Americans” simultaneous kidney pancreas
transplant in African Americans®™ and splitting single pe-
diatric donor kidney transplant™ as long as the conven-
tional triple regimen consisting of tacrolimus, mycophe-
nolic acid and steroids are used as maintenance. A recent
analysis based on USRDS data from 2000 to 2005 also
indicated that both patient and graft survival were similar
in African Americans and Caucasian patients using either
thymoglobulin or IL-2R Ab induction'".

IL-2 RECEPTOR ANTIBODY VS ATG

The safety and efficacy of thymoglobulin and basilix-
imab induction were compated in 278 high risk patients
who received deceased donor kidneys™. High risk was
determined according to the duration of cold ischemia
and various other donor and recipient risk factors includ-
ing donor age > 50 years, donation after cardiac death,
donor with ATN or requiring high dose of ionotropic
suppott, repeat transplant, PRA > 20%, black race and
one ot more HLA mismatches. Both groups received
cyclosporine, mycophenolate mofetil and prednisone as
maintenance. At 12 mo, thete were fewer biopsy-proven
AR in the thymoglobulin group than in the basiliximab
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group (15.6% vs 25.5%, P = 0.02). Severe rejection, as
indicated by the need for antibody treatment, was less
frequent in thymoglobulin group than basiliximab group
(1.4% s 8.0%, P = 0.005). The incidence of DGF (40.4%
s 44.5%, P = 0.54), graft loss (9.2% vs5 10.2%) and death
(4.3% vs 4.4%) was similar in both groups. However the
incidences of infection and malignancy were significantly
higher in thymoglobulin group than basiliximab group.
A 5-year follow-up of these patients showed that AR re-
mained lower in thymoglobulin than basiliximab group,
but graft and patient survival were still not different™,
Similar result was also reported by Noél ez al*™ in 227
high risk patients who received modern maintenance of
tacrolimus, mycophenolate mofetil and corticosteroid.
High risk was defined as PRA > 30% and/or peak PRA
> 50%, loss of a first renal transplant to rejection within
2 years or history of two or more previous transplants.
Compared to the daclizumab group, thymoglobulin
group had lower incidence of AR (15.0% »s 27.2%), and
steroid-resistant AR (2.7% vs 14.9%) and also delayed the
time to AR (35 d 25 13 d) in 1 year™™. However, there was
no difference in either graft or patient survival. The num-
ber of bacterial infection per patient (2.5 £ 1.8 »r 1.7 &
1.2, P = 0.01) and the incidence of CMV infection (18.6%
5 10.5%, P = 0.09) was significantly higher in the thymo-
globulin group than in the daclizumab group. These clini-
cal trials show that thymoglobulin induction reduces the
risk of AR, but it increases the risk of infection and pos-
sible malignancy. There is no convincing clinical evidence
of superior graft or patient survival with thymoglobulin
induction than the IL-2R antibody induction in high-risk
patients.

Using SRTR database, Patlolla ez al*™ analyzed a total
of 48 948 recipients of first renal transplants who were
discharged on CNI (cyclosporine or tacrolimus) and
anti-metabolite (mycophenolic acid or azathioprine). In-
duction with IL-2R Ab (basiliximab or daclizumab, #» =
17 472) was associated with a reduction in both AR (odds
ratio 0.81, 95% CI: 0.75-0.87) and graft loss (hazard ra-
tio 0.90, 95% CI: 0.84-0.95) compared with no antibody
induction (7 = 22 008). The greater the HLA mismatch,
higher the efficacy of IL-2R Ab in reducing AR. Com-
pared to IL-2R Ab induction, lymphocyte - depleting
antibody (thymoglobulin, ATGAM or OKT-3, #» = 9468)
was associated with lower risk of AR (OR: 0.90, 95% CI:
0.83-0.99) at 1 year, but not associated with any better
graft survival (OR 1.08, 95% CI: 1.00-1.18). Several stud-
ies directly compared thymoglobulin with 1L-2R Ab in-
duction in patients with low immunologic risk™ . Simi-
lar rejection rate and graft survival, but higher incidence
of infection was reported in those received thymoglobu-
lin than IL.-2R Ab induction. These clinical data, taken
together with other trials comparing IL-2R Ab induction
with placebomm supports use of IL-2R Ab rather than
thymoglobulin for induction in low risk patients.

ALEMTUZUMAB

Alemtuzumab is 2 humanized anti-CD52 monoclonal
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antibody, which triggers the antibody-dependent lysis of
lymphocytes (both B and T cells), monocytes and NK
cells. Alemtuzumab is FDA approved for treating B cell
lymphomas. It was first introduced to kidney transplant
by Calne ¢z al*” in late 1990s. As an induction agent, it
produces a profound depletion of lymphocytes and is
associated with more frequent and severe adverse effects,
such as neutropenia, thrombocytopenia, autoimmune
hemolytic anemia and other autoimmune diseases™".
However, it did not appear to affect the incidence of
recurrent glomerulonephritis[sz]. Two doses of alemtu-
zumab were initially administrated for induction”". Due
to its profound immunosuppression, single dose (30 mg,
given intraoperatively) has been subsequently studied™.,
It is also hoped that alemtuzumab induction could permit
patients to be maintained on less intensive immunosup-
pression, such as tacrolimus monotherapy[57’58], steroid-

[59,60]

free regimen™"", or lower doses of tacrolimus and my-

cophenolic acid™",

Margreiter et al’" assessed the efficacy of alemtu-
zumab induction with tacrolimus monotherapy (# = 65)
as compared to no induction with tacrolimus, mycophe-
nolate mofetil and steroid maintenance (# = 606) for de-
ceased donor kidney transplant. At 12 mo, the incidence
of AR was not statistically different (20% »s 32%, P =
0.09). The graft and patient survival were similar, but
alemtuzumab group had more CMV infection. This pro-
tocol was also studied in living donor kidney transplant
by Tan e a/***. A total of 205 living donor recipients
were treated with alemtuzumab induction followed by ta-
crolimus monotherapy and 47 controls were treated with
conventional triple therapy of mycophenolate, tacrolimus
and prednisone without induction. At 1 year, the inci-
dence of AR was much lower in the alemtuzumab group
(6.8% vs 17%, P < 0.05)”. The 1, 2, and 3-year patient
survival (99%, 98% and 96.4%) and the graft survival
(90.8%, 93.3% and 86.3%) in the alemtuzumab group,
are similar to the SRTR data for living donor kidney
transplantation®”.,

Induction with alemtuzumab (» = 123) and basiliximab
(n = 155) were compared in a steroid-free maintenance
consisting of mycophenolate acid and tacrolimus'™, Early
rejection (< 3 mo) rates were higher in the basiliximab
group (11.6% vs 4.1%) but were equal at 1 year in the two
groups (13.5% vs 14.9%, P = NS). The 1-year death cen-
sored graft survival was 99.2% for the alemtuzumab and
99.4% in the basiliximab group (P = NS). The incidence
of CMV disease (4% s 5%) and malignancy (2 recipients
in each group) were also similar in the two groups. There-
fore, in steroid-free maintenance, alemtuzumab induction
is associated with lower incidence of early rejection, but
similar graft survival compared to basiliximab induction.

ALEMTUZUMAB VS BASILIXIMAB VS
THYMOGLOBULIN

These three antibody induction agents were first com-
pared by Ciancio ez /™ in 90 deceased donor kidney
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transplants. Maintenance immunosuppression was tacroli-
mus (target trough level of 8-10 ng/mL), mycophenolate
mofetil (1000 mg twice daily) and prednisone in thymo-
globulin and daclizumab groups, while alemtuzumab
group received lower doses of tacrolimus (target trough
level of 4-7 ng/mL) and mycophenolate mofetil (500 mg
twice daily). At 1 year, there was no significant differ-
ence in the three groups for AR, graft survival or patient
survival. At 2 years, cumulative incidences of AR were
20%, 23% and 23% in thymoglobulin, alemtuzumab and
daclizumab groups, respectively[m]. The overall patient and
graft survival were similar, but there was a trend towards
worse death censored graft survival and more chronic al-
lograft nephropathy in alemtuzumab group®. In another
study of rapid steroid withdrawal in a total of 474 kidney
recipients, 139 high risk patients (African American, PRA
= 20% or re-transplants) were induced with alemtuzumab
or thymoglobulin, while 335 low risk patients (non Afri-
can American, PRA < 20% or primary transplant) were
induced with alemtuzumab or basiliximab™, At 2 years,
alemtuzumab induction has lower incidence of AR than
basiliximab (8.9% »s 21.7%, P < 0.05) for low risk pa-
tients. The high-risk patients experienced same rejection
rates with either thymoglobulin or alemtuzumab induc-
tion (13% in both groups). Patient and graft survival at
2 years were similar between the groups in both high risk
patients (98.6% vs 93% and 92.2% vs 88.4%, alemtuzumab
vs thymoglobulin, P = NS) and low risk patients (97.4% s
98% and 96.2% vs 92.3%, alemtuzumab s basiliximab, P
= NS). A 3-year follow up showed similar results in terms
of lower incidence of AR with alemtuzumab than basil-
iximab (10% vs 22%, P = 0.003) in low risk patients, while
no difference in AR between alemtuzumab and thymo-
globulin (18% »s 15%, P = 0.63) in high risk patients'®’.
From these data, alemtuzumab induction appears to
be mote successful than other induction for unconven-
tional protocols, such as steroid withdrawal, tacrolimus
monotherapy or lower doses of tacrolimus and myco-
phenolic acid. However, these studies are small, short-
term and should be considered as experimental. The
long-term efficacy of these protocols remains to be
vigorously investigated”**), One obvious concern is
that lymphocytes could recover from the initial depletion
if insufficient maintenance immunosupptession is left
over long term, which potentially leads to development
of AR and/or chronic rejection. Late development of
de novo donor specific antibodies (DSA) is increasingly
recognized as an independent and detrimental factor for

accelerated transplant glomerulopathy and graft loss'”™*.

RITUXIVMIAB

Rituximab is a chimeric monoclonal Ab against CD20,
which is expressed on the majority of B cells. It was
first approved in 1997 for refractory B cell lymphomas
and it is increasingly applied for autoimmune diseases.
In the realm of kidney transplant, rituximab has been
used for the treatment of AMR and desensitization in
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ABO and/or HLA incompatible transplants'®’", Takagi
et al"” reported rituximab induction in desensitization of
78 ABO and/or HLA incompatible transplants, all of
them also received 3-4 sessions of double-filtration plas-
mapheresis before transplant. Compared with the non-
rituximab group of 66 compatible transplants, rituximab
group had significantly lower incidence of ACR (8.2% us
23.3%, P < 0.05), but not higher incidence of AMR (6.8%
vs 8.3%, P = 0.75). Anti-HLA Ab to class 1 and class 2
were depleted by 70% and 83%, respectively for more
than 2 years after rituximab induction. The incidences of
CMV infection (26% vs 29%, P = 1.0) or leukopenia (23%
vs 14%, P = 0.25) wete not different, and the 2-year sut-
vival rates of patient (100% o5 98%, P = 0.28) and graft
(99% »s 100%, P = 0.91) were excellent in both groupsm.
Therefore, rituximab appears to be a safe and effective
induction Ab for the desensitization protocol of ABO or
HILA incompatible transplants.

In the setting of non-desensitization, Clatworthy
et al™ reported that 5 of 6 patients (83%) induced with
rituximab had ACR in the first 3 mo after transplant as
compared with 1 of 7 patients (14%) induced with dacli-
zumab (P = 0.01). However, Tydén ¢ al” reported a ran-
domized, doubleblind multicenter study that included 68
rituximab and 68 placebo patients. All patients received
conventional maintenance of tacrolimus, mycophenolic
acid and steroids. During the first 6 mo, there were 10
treatment failure (defined as AR, graft loss or death) in
rituximab group #s 14 in placebo group (P = 0.35). There
was a tendency toward fewer AR (8/68 vs 12/68, P = 0.32)
and milder AR without increase in infections or leukope-
nia in the rituximab group. Long-term study is needed to
further determine the benefits of rituximab induction for
non-sensitized patients.

OTHER CONSIDERATION

Apart from the immunologic risk, many other medical
and physical factors should also be considered in the
choice of induction therapy. Depleting antibody (thymo-
globulin, ATGAM, OKT-3 and alemtuzumab) induction
should be avoided in patients with history of malignancy,
severe viral infection (including HIV, HBV or HCV), he-
matological disorder of leucopenia or thrombocytopenia
and elderly with cardiac or pulmonary comorbidities” ",
For these patients, we do not use any antibody induction
if they do not have high immunologic risk, and we use
IL-2R Ab induction (not lymphocyte depleting antibody)
for those who do have high immunologic risk. A recent
study of 150 HIV-infected patients who underwent kid-
ney transplant indicated that ATG induction significantly
increased the risk of graft loss (HR 2.5, 95% CI: 1.1-5.6,
P =0.03). ATG induction was also associated with twice
as many serious infections per follow-up year as patients
received IL2R Ab induction or no induction (0.9 »s 0.4,
P =0.002)"™. Another study reported that 2-year patient
survival was less than 50% in the elderly (more than
60 years old) who had DGF and received thymoglobulin
induction.
(4%
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The financial costs of antibody induction therapies
are significantly different. In US, the average whole sale
price for the typical dose of alemtuzumab (30 mg X
1 dose) is $1982.70; basiliximab (20 mg X 2 doses) is
$5338.66; while thymoglubulin (1.5 mg/kg X 4 doses for
a 70 kg patient) costs $10 200.00". A financial analysis
indicated that IL-2R Ab (basiliximab/daclizumab) was
more cost effective than placebo (no induction) or induc-
tion with lymphocyte-depleting antibody (OKT3/ATG/
ATGAM)™,

CONCLUSION

Published data support the usage of antibody induction
therapy in adult patient with immunologic risk to reduce
the incidence of AR and possible graft loss from rejec-
tion. However, the choice of antibody remains contro-
versial. Antibody selection should be guided by a com-
prehensive assessment of immunologic risk of recipient
and donor organ, patient comorbidities, financial burden,
and more importantly, the maintenance immunosuppres-

sive regimen. Lymphocyte-depleting antibody is recom-
mended for those with high immunologic risk as outlined
in the 2009 KDIGO clinical practice guidelines”™ (sen-
sitized patient, presence of DSA, ABO incompatibility,
high HLLA mismatches, DGF, cold ischemia time > 24 h,
African-American ethnicity, younger recipient age, older
donor age), though it increases the risk of infection and
malignancy. For low risk patients, 1L-2R Ab induction
reduces the incidence of AR and graft loss without much
adverse effects, making its balance favorable in most
patients. IL-2R Ab induction should also be used in the
high risk patients with other medical comorbidities that
preclude usage of any lymphocyte-depleting antibody
safely. We believe that many patients with very low risk
(non-sensitized, Caucasian, Asian, well HLA matched,
living related donor transplant) may be induced with
intravenous steroids without using any antibody, as long
as combined potent immunosuppressives are kept as
maintenance. In these patients, benefits with antibody in-
duction may be too small to outweigh its adverse effects
and the financial cost. Rituximab induction is useful in
desensitization protocols for ABO and/or HLA incom-
patible transplants. Alemtuzumab induction might be
more successful than other antibody induction for adopt-
ing less intensive maintenance protocols, such as steroids
withdrawal, tacrolimus monotherapy or lower doses of
tacrolimus and mycophenolic acid. However, the long-
term safety and efficacy of these unconventional strate-
gies remains to be determined.
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Abstract

Hepatic veno-occlusive disease (VOD), also known as
sinusoidal obstruction syndrome, is a major complica-
tion of hematopoietic stem cell transplantation and it
carries a high mortality. Prophylaxis for hepatic VOD is
commonly given to transplant recipients from the start
of conditioning through the early weeks of transplant.
However, high quality evidence from randomized con-
trolled trials is scarce with small sample sizes and the
trials yielded conflicting results. Although various treat-
ment options for hepatic VOD are available, most have
not undergone stringent evaluation with randomized
controlled trial and therefore it remains uncertain which
treatment offers real benefit. It remains controversial
whether VOD prophylaxis should be given, which pro-
phylactic therapy should be given, who should receive
prophylaxis, and what treatment should be offered
once VOD is established.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hematopoietic stem cell transplantation (HSCT) 1s a
standatrd therapeutic modality for many different malig-
nant and non-malignant diseases. However, complications
from HSCT may result in severe morbidity and mortality.
Major complications of HSCT include hepatic veno-oc-
clusive disease (VOD), also known as hepatic sinusoidal
obstruction syndrome. It is one of the major causes of
non-relapse, transplant-related mortality. Hepatic VOD
can occur after autologous or allogeneic HSCT, regard-
less of the underlying disease, stem cell source, or type
of pre-transplant conditioning. The incidence of hepatic
VOD after HSCT varies from 0 to 77%, depending on
the risk of the patient cohort; and the median incidence
is 13.3%". The mortality of severe VOD is high at aver-
age of 84%". Because of its high incidence and mortal-
ity, prophylaxis for hepatic VOD is widely practiced,
using different regimens in different centers. However,
whether prophylaxis alters the occurrence of VOD and
which regimen is effective remains controversial. When
hepatic VOD is established, specific therapy is usually
given in addition to general supportive care, especially in
moderate or severe cases. Different treatment strategies
are tried with variable success, and no consensus regard-
ing standard treatment is currently available. We therefore
briefly review the existing evidence base for prophylaxis
and treatment of hepatic VOD in this editorial and high-
light the uncertainties and deficiencies in the evidence.
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DIAGNOSIS OF HEPATIC VOD

Diagnosis of hepatic VOD is based on a constellation of
symptoms and signs and serum bilirubin level. Hepatic
VOD is clinically characterized by jaundice caused mainly
by conjugated hyperbilirubinemia, tender hepatomegaly,
fluid accumulation manifested as rapid weight gain and
ascites. Most commonly used diagnostic criteria for
VOD includes the Seattle criteria”, the modified Seattle
criteria”, and the Baltimore criteria (also called Jones cri-
teria)¥, Since different studies on prophylaxis and treat-
ment of hepatic VOD might have used different criteria
for diagnosis of VOD, comparisons of effectiveness of
prophylaxis and treatment regimens across different stud-
ies may be difficult.

The severity of VOD is usually categorized into 3
grades: mild, moderate, or severe, depending on adverse
effect from VOD, treatment requited, duration of disease
and mortality”. While mild hepatic VOD may resolve
without specific therapy, severe VOD caries a high mot-
tality despite intensive therapeutic efforts. Because of
variability and subjectivity in the definition of disease
severity and the distribution of different severities within
different cohorts of patients, comparisons of treatment
results in different studies may be misleading.

PATHOGENESIS AND RISK FACTORS

The pathogenesis of hepatic VOD is incompletely un-
derstood. The clinical manifestations of hepatic VOD
are thought to be caused by hepatic sinusoidal obstruc-
tion with or without occlusion of intrahepatic central
venules, resulting from dysfunction of hepatic sinusoidal
endothelial cells (SEC)™. The cause of SEC dysfunction
is multifactorial, and includes cytotoxic chemotherapy
and radiotherapy, with concomitant glutathione and nitric
oxide depletion, increased matrix metalloproteinases and
vascular endothelial growth factor, and disturbances of
inflammatory cytokines and coagulation and fibrinolytic
system. Prophylaxis and treatment of VOD therefore
generally aims at preventing or relieving possible throm-
botic obstruction of hepatic sinusoids and venules, or
trying to prevent or restore the function of SEC, replen-
ish anti-oxidants, promote vasodilation, and counter-
balance proinflammatory cytokines.

Many different risk factors of VOD have been de-
scribed, and they can be classified into patient factors, dis-
ease factors, and treatment factors (Table 1). Since many
risk factors for hepatic VOD ate not modifiable, prophy-
lactic therapy is commonly administered to selected high-
risk transplant recipients to prevent its occurrence. Some
centers routinely give VOD prophylaxis to all transplant
patients. However, the benefits and risks of VOD pro-
phylaxis in different situations are not entirely clear.

VOD PROPHYLAXIS

Prophylactic medications that have been used for he-
patic VOD with some success include heparin”™, low
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Table 1 Risk factors of hepatic veno-occlusive disease

Risk factors Ref.
Patient factors
Younger age in children [75-77]
Older age in adults [78]
Poor performance status [13,79,80]
Glutathione S-transferase M1 null genotype [81]
Hemochromatosis C282Y allele [82]
Pre-existing hepatic dysfunction [2-4,79]
Hypoalbuminemia [83]
Hyperbilirubinemia [83]
High serum ferritin [84]
Positive CMV serology [85]
Elevated plasma transforming growth factor §§ level [86]
Hepatitis B or C infection [7,87-90]
History of pancreatitis [85]
Disease factors
Thalassemia major [76]
Advanced malignancy [83,91]
Acute leukemia [89]
Neuroblastoma [75,77]
Delayed platelet engraftment [75,76]
Presence of acute graft-vs-host disease [83]
Treatment factors
Interval between diagnosis and transplantation [83]
greater than 13 mo
Allogeneic HSCT [75,79]
Unrelated donor HSCT [3,13,85,91]
Mismatched donor [3,83]
Second or subsequent transplants [7,84]
Prior use of gemtuzumab ozogamicin [92]
Prior use of norethisterone [93]
Prior abdominal irradiation [3,7,77,79]
Use of total parenteral nutrition within 30 d before [85]
HSCT
High dose cytoreductive therapy [79]
Conditioning regimen containing busulfan with or [3,75,76,84,85]
without cyclophosphamide
Conditioning regimen containing fludarabine [85]
Conditioning regimen containing melphalan [94,95]
Total body irradiation [83,84]
Graft-vs-host disease prophylaxis with [80,83,85]
cyclosporin with or without methotrexate
Use of sirolimus [96]
Use of tranexamic acid [97]
Platelet transfusion containing ABO-incompatible [95]

plasma

HSCT: Hematopoietic stem cell transplantation.

molecular weight heparin'"'™"¥, danaparoid"”, ursodeoxy-
cholic acid"™""! prostaglandin g1 glutarnine[w], de-
fibrotide™ ", and fresh frozen plasma (FFP)". Some of
these have also been tried in combination™"”. Prophylaxis
is generally given continuously from the commencement
of conditioning till neutrophil engraftment or 1-3 mo
after HSCT, duting which hepatic VOD is most likely to
develop. Some centers administer VOD prophylaxis to
all patients who are undergoing HSCT while others only
give prophylaxis to high risk patients, but the criteria for
“high risk” is variable. High level evidence from random-
ized controlled trials supporting VOD prophylaxis is
limited, and is only available for ursodeoxycholic acid,
heparin, enoxaparin, glutamine, and FFP. They are briefly
summarized below.
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Trial reference

Essell er a/** 1998

Ohashi er a/*”! 2000

Ruutu er a/* 2002

Park er a/**' 2002

Blinding

Type of transplants
Donor

Stem cell source
Conditioning

No. of patients
(treatment vs control)
Treatment regimen

Double-blind
Allogeneic
Related

Bone marrow

Busulfan and cyclophosphamide

or busulfan alone
35vs 32

Ursodeoxycholic acid 300 mg
BD (< 90 kg) or 300/600 mg
BD (> 90 kg), given before

Non-blind

Allogeneic or autologous
Variable

NA

Variable

71 vs 65
Ursodeoxycholic acid 600 mg

daily, given from Day-21 till
Day+80

Non-blind
Allogeneic
Variable
Variable
Variable

124 95120

Ursodeoxycholic acid

6 mg/kg per day BD,
given 1 d before
conditioning till Day+90
No drug

Median 38 (5-59) vs

40 (1-58)

Baltimore, Seattle
Baltimore 2.4% vs 4.2%;

Non-blind

Allogeneic or autologous
NA

NA

Variable

82 vs 83

Ursodeoxycholic acid 300 mg
BD, heparin 5 units/kg per
hour, given 12-24 h before
conditioning till Day+30
Heparin alone

Median 39 vs 38

Modified Seattle
15.9% vs 19.3%

conditioning till Day+80
Control Placebo No drug
Age of patients (yr, Mean 38 (22-56) vs 37 (21-56) Mean 34.5 vs 35.7
treatment vs control)
VOD criteria Seattle Seattle
Frequency of VOD 14.3% vs 40.6% 2.8% vs 18.5%
(treatment vs control)
Mortality at Day+100  22.9% vs 40.6% NA

(treatment vs control)

Seattle 11.3% vs 11.7%

NA 11.0% vs 10.8%

NA: Data not available; VOD: Veno-occlusive disease.

Ursodeoxycholic acid

There were 4 randomized controlled trials evaluating
ursodeoxycholic acid for prophylaxis of hepatic VOD
in HSCT recipients. Their characteristics and results are
summarized in Table 2. The first randomized controlled
trial was the only double-blind, placebo-controlled trial™.
Five of 35 patients (14.3%) who received ursodeoxycho-
lic acid compated with 13 of 32 patients (40.6%) who
received placebo developed hepatic VOD, which was
significantly different (RR 0.35, 95% CI: 0.14-0.88, P =
0.02). Survival at Day+100 appeared higher in the urso-
deoxycholic acid group, but the difference was not sta-
tistically significant (77% o5 59%, P = 0.15). The second
randomized controlled trial compared ursodeoxycholic
acid with no ursodeoxycholic acid””". Two of 71 patients
(2.8%) in the ursodeoxycholic acid group and 12 of 65
patients (18.5%) in the control group developed hepatic
VOD, which was significantly different (RR 0.15, 95%
CI: 0.04-0.66, P = 0.01). None of the patients in both
groups died with hepatic VOD. The overall mortality was
similar in both groups (21.1% »s 24.6%, RR 0.86, 95%
CI: 0.46-1.59, P = 0.63). The third randomized controlled
trial again compared ursodeoxycholic acid with no ur-
sodeoxycholic acid®. Three of 124 patients (2.4%) in
the ursodeoxycholic acid group compared with 5 of 120
patients (4.2%) in the control group developed hepatic
VOD according to the Baltimore criteria, which was not
significantly different (RR 0.58, 95% CI: 0.14-2.38, P =
0.45). If the Seattle criteria for VOD diagnosis were used,
14 patients in each group developed hepatic VOD, again
not significantly different between the 2 groups (RR 0.97,
95% CI: 0.48-1.94, P = 0.93). Hyperbilirubinemia oc-
curred in 18 and 31 patients in the 2 groups respectively,
which was significantly less frequent in patients who re-
ceived ursodeoxycholic acid (RR 0.56, 95% CI: 0.33-0.95,
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P = 0.03). There were 2 deaths related to hepatic VOD
in the control group but none in the treatment group, but
the difference was not statistically significant (RR 0.19,
95% CI: 0.01-3.99, P = 0.29). The fourth trial compared
ursodeoxycholic acid plus heparin with heparin alone™.
Thirteen of 82 patients (15.9%) in the combined treat-
ment group compared with 16 of 83 patients (19.3%)
in the heparin alone group developed hepatic VOD,
which was not significantly different (RR 0.82, 95% CI:
0.42-1.60, P = 0.506). There was also no significant differ-
ence in the frequency of severe VOD (2.4% »s 6.0%, RR
0.40, 95% CI: 0.08-2.03, P = 0.27). Survival at Day+100
was also similar between the 2 groups (89.0% vs 89.2%).

Heparin

There were 2 open-label randomized controlled trials
evaluating heparin for hepatic VOD prophylaxis. The
first trial comparing low dose hepatin infusion (1 mg/kg
per day from Day 0 till discharge) with no heparin for
VOD prophylaxis in autologous bone marrow trans-
plant recipients showed no significant difference in the
incidence of hepatic VOD between the 2 groups[[)]. Four
of the 52 patients (7.7%) in the heparin group devel-
oped hepatic VOD and 1 of the 46 patients (2.2%) in
the control group had hepatic VOD (RR 3.54, 95% CI:
0.41-30.53, P = 0.25). However, patients with increased
risk to develop VOD were excluded from randomization
and it was not clear what constituted “increased risk”. In
contrast, the second trial comparing low dose heparin
infusion (100 units/kg per day from Day-8 to Day+30)
with no heparin in both allogeneic and autologous HSCT
recipients showed a significantly lower incidence of VOD
in the heparin grouppoj. Only 2 of 81 patients (2.5%) in
the treatment group developed hepatic VOD, which was
significantly less frequent compared to the control group,
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in which VOD occurred in 11 of 80 patients (13.7%) (RR
0.18, 95% CI: 0.04-0.78, P = 0.02). Two patients in the
heparin group and 7 patients in the control group died
with VOD, which was not significantly different (RR 0.28,
95% CI: 0.06-1.32, P = 0.11). On subgroup analysis, none
of the 39 patients (0%) who received heparin after al-
logeneic transplant developed hepatic VOD, but 7 of the
38 allogeneic transplant recipients (18.4%) who did not
receive heparin had hepatic VOD, giving a relative risk of
0.07 favoring the heparin group (95% CI: 0.00-1.10), with
borderline statistical significance (P = 0.06). For autolo-
gous or syngeneic transplants, the difference between the
2 groups was not significant, as 2 of 42 patients (4.8%)
in the heparin group and 4 of 42 patients (9.5%) in the
control group developed hepatic VOD (RR 0.50, 95%
CI: 0.10-2.58, P = 0.1).

Low molecular weight heparin

There was one double-blind randomized controlled trial
assessing the efficacy of enoxaparin for prevention of
hepatic VOD in allogeneic and autologous bone mar-
row transplant recipients above 15 years of agem. Sixty-
one patients were randomized to receive enoxaparin
40 mg daily by subcutaneous injection from 1 d before
conditioning till Day+40 (28 patients) or placebo (33 pa-
tients). The incidence of hepatic VOD was not reported
in this study. However, it was found that 23 patients
(82.1%) in the enoxaparin group and 28 patients (84.8%)
in the control group had hyperbilirubinemia (RR 0.97,
95% CI: 0.77-1.21, P = 0.78); 17 patients (60.7%) in the
enoxaparin group and 27 patients (81.8%) in the control
group had hepatomegaly (RR 0.74, 95% CI: 0.53-1.04, P
= 0.08); 6 patients (21.4%) in the enoxaparin group and
13 patients (39.4%) in the control group had right upper
quadrant abdominal pain (RR 0.54, 95% CI: 0.24-1.24, P
= 0.15); 20 patients (71.4%) in the enoxaparin group and
21 patients (63.6%) in the control group had weight gain
(RR 1.12, 95% CI: 0.79-1.59, P = 0.52); and 2 patients
(7.1%) in the enoxaparin group and 2 patients (6.1%) in
the control group had ascites (RR 0.59, 95% CI: 0.12-2.98,
P = 0.52). None of these outcomes were significantly
different between the 2 groups. However, the duration of
hyperbilirubinemia and hepatomegaly appeared shorter
in the enoxaparin group compared to the control group
(mean 7.4 d »s 15.3 d, P = 0.008; and mean 2.4 d »s 5.5 d,
P = 0.03, respectively). All patients in this study survived.

Glutamine

There was one double-blind randomized controlled trial
that compared glutamine with isonitrogenous amino acid
mixture for protection of hepatic function in allogeneic
or autologous bone marrow transplant recipientslmj.
Eighteen patients received daily infusion of 50 g gluta-
mine and 16 patients received daily infusion of isonitrog-
enous amino acid mixture. Treatment was given from the
start of conditioning till discharge from the transplant
unit. No hepatic VOD was observed in both groups of
patients. One patient in the control group died from sep-
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sis and acute graft-ss-host disease, while all patients in the
glutamine group survived. There was no significant dif-
ference between the 2 groups in overall mortality (RR 0.3,
95% CI: 0.01-6.84, P = 0.45). Of note is that 4 patients
in each group withdrew from treatment, among whom
one was due to abdominal discomfort.

FFP

One open-label randomized controlled trial compared
FFP infusion with no FFP for prophylaxis of hepatic
VOD in allogeneic HSCT recipientsm. The patients were
stratified into children and adults for randomization. Pa-
tients allocated to the FFP group (23 patients) received
twice weekly FFP infusions from the start of condition-
ing till Day+28 after HSCT and patients in the control
group (20 patients) did not receive FFP. Hepatic VOD
occurred in none of the patients (0%) in the FFP group
and 3 adult patients (15%) in the control group. The dif-
ference was not statistically significant (RR 0.13, 95% CI:
0.01-2.28, P = 0.16). Mortality was not reported in this
trial.

VOD TREATMENT

Fluid restriction, diuretics, and avoidance of hepatotoxic
medications are essential supportive care for patients who
developed hepatic VOD. Specific therapeutic options on

top of these include tissue plasminogen activator” ™,
heparinm, thrombomodulin®, antithrombin I"*"*"
tein C™", prostaglandin E1PY, glutamine[52’53], acetylcystei-
ne™ methylprednisolone[ss], and deﬁbrotide[%’ﬁ?{ ESlg)rré]e
36,51,64-6

of the above have also been tried in combination
Treatment is usually given until hepatic VOD resolves
or the treatment is considered ineffective. In some cases,
charcoal hemofiltration””] transjugular intrahepatic pot-
tosystemic shunt™"" or liver transplantation is performed
as last resort’”"”. However, little high level evidence on
the treatment of hepatic VOD exists and only one ran-
domized controlled trial is available which evaluated 2
different doses of defibrotide for treatment of hepatic
VOD.

This multicenter open-label randomized controlled
trial compared defibrotide at 25 mg/kg per day (arm A,
76 patients) with 40 mg/kg per day (arm B, 75 patients),
both divided into 4 daily doses, given for at least 2 wk
or until complete response” . Both pediatric and adult
patients with either autologous or allogeneic HSCT were
included. This trial found no significant difference in
complete response rate between arms A and B (49% vs
43%), survival at Day+100 (44% vs 39%), or treatment-
related adverse events (7% vs 10%).

SUMMARY OF EVIDENCE

High level evidence from randomized controlled trials
supporting prophylaxis for hepatic VOD is scarce. Most
trials were not double-blind and therefore susceptible to
performance and assessment biases. The sample sizes
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were also small, limiting generalizability of results and
the statistical power to make definitive conclusion. Urso-
deoxycholic acid might reduce the incidence of hepatic
VOD but trial results were conflicting, It is also uncertain
which sub-group of patients is more likely to benefit.
Nevertheless, all trials failed to show any survival benefit
in those who received ursodeoxycholic acid. Ttial results
on low dose heparin infusion for VOD prophylaxis were
also conflicting, with 1 trial showing reduction of VOD
with heparin while the other trial showing no difference
between the treatment and the control groups. It seemed
that heparin was more likely to benefit allogeneic trans-
plant recipients as compared to autologous transplant
recipients but there was insufficient statistical power to
draw a motre definitive conclusion. Similar to trials on
ursodeoxycholic acid, both trials on heparin prophylaxis
failed to show survival benefit. Trials on enoxaparin,
glutamine and FFP all failed to demonstrate efficacy on
reduction of VOD or overall mortality when given pro-
phylactically.

High level evidence on treatment options for hepatic
VOD is even less. Only one randomized controlled trial
was available. However, this trial just demonstrated that
different doses of defibrotide resulted in similar response
rate and survival, without informing us whether defib-
rotide itself was really effective or not. We are also un-
certain to what extents treatment benefits patients with
different severities of VOD.

CONCLUSION

High quality clinical evidence on prophylaxis and treat-
ment of hepatic VOD in hematopoietic stem cell trans-
plant recipients is scarce. Although anecdotal reports

and some clinical trials suggested certain strategies may
be effective for preventing and treating hepatic VOD, it
remains controversial whether any of these is indeed ef-
fective. It is also unclear who should receive prophylaxis
and which treatment is most likely to offer the best risk-
benefit ratio. Large, double-blind, randomized controlled
trials evaluating prophylactic and treatment options for
hepatic VOD is therefore urgently needed.
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INSTRUCTIONS TO AUTHORS

GENERAL INFORMATION

World Journal of Transplantation (World | Transplant, W]T, online ISSN
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.

The biggest advantage of the OA model is that it provides free,
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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SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.

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.

Sample wording: [Name of individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names
of otganizations], and has received tesearch funding from [names of
organization|. [Name of individual] is an employee of [name of or-
ganization|. [Name of individual] owns stocks and shares in [name of
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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Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang L, Fu JE, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang L. and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in W]T, reviewers of
accepted manuscripts will be announced by publishing the name,
title/position and institution of the teviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, Shanghai, China; Professor Xin-Wei Han, Department of
Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements
for structured abstracts are 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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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

Boichidengs  WIT | www.wjgnet.com

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
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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.
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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
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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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