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ABSTRACT

Background

Prolonging kidney transplant survival is an important clinical priority. Induction immunosuppression with antibody therapy is
recommended at transplantation and non-depleting interleukin-2 receptor monoclonal antibodies (IL2Ra) are considered first line. It is
suggested that recipients at high risk of rejection should receive lymphocyte-depleting antibodies but the relative benefits and harms of
the available agents are uncertain.

Objectives

We aimed to: evaluate the relative and absolute effects of different antibody preparations (except IL2Ra) when used as induction therapy
in kidney transplant recipients; determine how the benefits and adverse events vary for each antibody preparation; determine how the
benefits and harms vary for different formulations of antibody preparation; and determine whether the benefits and harms vary in specific
subgroups of recipients (e.g. children and sensitised recipients).

Search methods

We searched the Cochrane Kidney and Transplant's Specialised Register to 29 August 2016 through contact with the Information Specialist
using search terms relevant to this review.

Selection criteria

Randomised controlled trials (RCTs) comparing monoclonal or polyclonal antibodies with placebo, no treatment, or other antibody
therapy in adults and children who had received a kidney transplant.

Data collection and analysis

Two authors independently extracted data and assessed risk of bias. Dichotomous outcomes are reported as relative risk (RR) and
continuous outcomes as mean difference (MD) together with their 95% confidence intervals (Cl).

Polyclonal and monoclonal antibodies for induction therapy in kidney transplant recipients (Review) 1
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Main results

We included 99 studies (269 records; 8956 participants; 33 with contemporary agents). Methodology was incompletely reported in most
studies leading to lower confidence in the treatment estimates.

Antithymocyte globulin (ATG) prevented acute graft rejection (17 studies: RR 0.63,95% CI 0.51 to 0.78). The benefits of ATG on graft rejection
were similar when used with (12 studies: RR 0.61, 0.49 to 0.76) or without (5 studies: RR 0.65, 0.43 to 0.98) calcineurin inhibitor (CNI)
treatment. ATG (with CNI therapy) had uncertain effects on death (3 to 6 months, 3 studies: RR 0.41, 0.13 to 1.22; 1 to 2 years, 5 studies: RR
0.75,0.27 t0 2.06; 5 years, 2 studies: RR 0.94, 0.11 to 7.81) and graft loss (3 to 6 months, 4 studies: RR 0.60, 0.34 to 1.05; 1 to 2 years, 3 studies:
RR 0.65, 0.36 to 1.19). The effect of ATG on death-censored graft loss was uncertain at 1 to 2 years and 5 years. In non-CNI studies, ATG had
uncertain effects on death but reduced death-censored graft loss (6 studies: RR 0.55, 0.38 to 0.78). When CNI and older non-CNI studies
were combined, a benefit was seen with ATG at 1 to 2 years for both all-cause graft loss (7 studies: RR0.71, 0.53 to 0.95) and death-censored
graft loss (8 studies: RR0.55,0.39 to 0.77) but not sustained longer term. ATG increased cytomegalovirus (CMV) infection (6 studies: RR 1.55,
1.24 t0 1.95), leucopenia (4 studies: RR 3.86, 2.79 to 5.34) and thrombocytopenia (4 studies: RR 2.41, 1.61 to 3.61) but had uncertain effects
on delayed graft function, malignancy, post-transplant lymphoproliferative disorder (PTLD), and new onset diabetes after transplantation
(NODAT).

Alemtuzumab was compared to ATG in six studies (446 patients) with early steroid withdrawal (ESW) or steroid minimisation. Alemtuzumab
plus steroid minimisation reduced acute rejection compared to ATG at one year (4 studies: RR 0.57, 0.35 to 0.93). In the two studies with
ESW only in the alemtuzumab arm, the effect of alemtuzumab on acute rejection at 1 year was uncertain compared to ATG (RR 1.27, 0.50
to 3.19). Alemtuzumab had uncertain effects on death (1 year, 2 studies: RR 0.39, 0.06 to 2.42; 2 to 3 years, 3 studies: RR 0.67,95% Cl 0.15
to 2.95), graft loss (1 year, 2 studies: RR 0.39, 0.13 to 1.30; 2 to 3 years, 3 studies: RR 0.98, 95% Cl 0.47 to 2.06), and death-censored graft
loss (1 year, 2 studies: RR 0.38,0.08 to 1.81; 2 to 3 years, 3 studies: RR 2.45, 95% CI 0.67 to 8.97) compared to ATG. Creatinine clearance was
lower with alemtuzumab plus ESW at 6 months (2 studies: MD -13.35 mL/min, -23.91 to -2.80) and 2 years (2 studies: MD -12.86 mL/min,
-23.73 t0 -2.00) compared to ATG plus triple maintenance. Across all 6 studies, the effect of alemtuzumab versus ATG was uncertain on all-
cause infection, CMV infection, BK virus infection, malignancy, and PTLD. The effect of alemtuzumab with steroid minimisation on NODAT
was uncertain, compared to ATG with steroid maintenance.

Alemtuzumab plus ESW compared with triple maintenance without induction therapy had uncertain effects on death and all-cause graft
loss at 1 year, acute rejection at 6 months and 1 year. CMV infection was increased (2 studies: RR 2.28, 1.18 to 4.40). Treatment effects were
uncertain for NODAT, thrombocytopenia, and malignancy or PTLD.

Rituximab had uncertain effects on death, graft loss, acute rejection and all other adverse outcomes compared to placebo.

Authors' conclusions

ATG reduces acute rejection but has uncertain effects on death, graft survival, malignancy and NODAT, and increases CMV infection,
thrombocytopenia and leucopenia. Given a 45% acute rejection risk without ATG induction, seven patients would need treatment to
prevent one having rejection, while incurring an additional patient experiencing CMV disease for every 12 treated. Excluding non-CNI
studies, the risk of rejection was 37% without induction with six patients needing treatment to prevent one having rejection.

In the context of steroid minimisation, alemtuzumab prevents acute rejection at 1 year compared to ATG. Eleven patients would require
treatment with alemtuzumab to prevent 1 having rejection, assuming a 21% rejection risk with ATG.

Triple maintenance without induction therapy compared to alemtuzumab combined with ESW had similar rates of acute rejection but
adverse effects including NODAT were poorly documented. Alemtuzumab plus steroid withdrawal would cause one additional patient
experiencing CMV disease for every six patients treated compared to no induction and triple maintenance, in the absence of any clinical
benefit. Overall, ATG and alemtuzumab decrease acute rejection at a cost of increased CMV disease while patient-centred outcomes
(reduced death or lower toxicity) do not appear to be improved.

PLAIN LANGUAGE SUMMARY

Polyclonal and monoclonal antibodies for induction therapy in kidney transplant recipients
What is the issue?

A kidney transplant is the best treatment for many people who have severe kidney disease to allow patients to return to work and feel
better. Patients who receive a kidney transplant receive drugs to prevent their own body from rejecting the transplant - the aim of treatment
is to prolong the function of the kidney transplant while minimising common long-term side effects of treatment such as cancer, infection,
and diabetes. For some patients who have a much higher risk of rejection, additional treatment is given at the time of the operation (which
may lower the body's ability to attack the kidney transplant and increase kidney function but can increase the risk of complications such
as infection and cancer).

What did we do?

Polyclonal and monoclonal antibodies for induction therapy in kidney transplant recipients (Review) 2
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We searched the Cochrane Kidney and Transplant's Specialised Register to 29 August 2016 for randomised controlled trials (RCTs)
comparing monoclonal or polyclonal antibodies with placebo, no treatment, or other antibody therapy in adults and children who had
received a kidney transplant.

What did we find?

We identified 99 studies (265 records; 8956 participants; 33 with contemporary agents). From the available studies in this area, an
antibody against human immune cells (ATG) reduces the chances of a patient having a kidney rejection by one-third, but it is uncertain
whether this prolongs the function of the kidney transplant or survival for the patient. ATG significantly increases viral infections including
cytomegalovirus. In addition, the effects of ATG treatment on cancer are not well understood. Alemtuzumab is another treatment which
has been compared to ATG in patients who have received less or no steroid therapy as part of their transplant treatment. Treatment with
alemtuzumab with lower steroid doses or no steroid treatment at all may lower a patient's risk of kidney rejection within a year after
transplantation when compared to ATG but overall the information about treatment benefits and harms of alemtuzumab in many clinical
situations are not certain. This means we are not confident about the effects of alemtuzumab on kidney function, patient survival or
treatment side-effects.

Conclusions

Overallthe available research on antibody treatment for kidney transplantation is limited when clinicians and patients make joint decisions
about antibody therapy at the time of a kidney transplant because of the uncertain long term benefits and hazards of these treatments.

Polyclonal and monoclonal antibodies for induction therapy in kidney transplant recipients (Review) 3
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



“p¥7 ‘suos 13 A31IM uyor Aq paysiignd ‘uoneioqe|jod auedyd0) 3y L 107 @ y3uAdod

(ma1nay) syuaididau yuejdsuesy Aaupiy ui Adesay) uoiydnpui 10} SAIPOJIUE |eUO)I0UOW puk Jeuo)IAjod

SUMMARY OF FINDINGS

Summary of findings for the main comparison.

ATG compared with placebo or no induction for kidney transplant recipients

Patient or population: kidney transplant recipients

Settings:
Intervention: ATG

Comparison: placebo/no treatment

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Placebo/no treat- ATG
ment
Death (including CNI) Medium risk population RR0.75 632 (5) )
low 1.2
Follow-up: median 24 months (IQR 31 per 1000 23 per 1000 (0.27 to 2.06)
12-24) (8 to 64)
All-cause graft loss (including CNI) Medium risk population RR 0.65 549 (3) SDOO
) low 1.2
Follow-up: median 1 year (IQR 12-24) 109 per 1000 71 per 1000 (0.36t0 1.19)
(39 to 129)
Delayed graft function Medium risk population RR0.93 (0.78 to 1304 (9) PO
) ) 1.10) low 1.2
Follow-up: N/A (immediate) 283 per 1000 263 per 1000
(221 to 311)
Acute rejection (including CNI) Medium risk population RR0.61 1491 (12) SDDO
) moderate 1
Follow-up: median 1 year (IQR 6-24) 365 per 1000 222 per 1000 (0.49t0 0.76)
(179 to 277)
Infection: CMV infection Medium risk population RR1.55 1072 (6) ODDO
) moderate !
Follow-up: median 1 year (IQR 4.5-13.5) (1.24 to 1.95)

176 per 1000 273 per 1000
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(218 to 343)
Malignancy Medium risk population RR0.94 891 (7) PO
low 1,23
Follow-up: median 18 months (IQR 15 per 1000 14 per 1000 (0.30t0 2.94)
12-60) (5 to 44)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval: RR: Risk Ratio; IQR: interquartile range.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 At risk of selection bias as more than 50% of studies rated as allocation concealment and/or random sequence generation unclear or high risk of causing bias.
2 Confidence interval includes range of plausible values below clinical significance or including harm.
3Based on few events across all studies.

Summary of findings 2.

Alemtuzumab plus ESW or steroid minimisation versus ATG for induction therapy for kidney transplant recipients

Patient or population: kidney transplant recipients
Settings:
Intervention: alemtuzumab plus ESW or steroid minimisation

Comparison: ATG + ESW or steroid minimisation

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
ATG Alemtuzumab
Death (ESW both arms) Medium risk population RR0.27 (0.07to 180 (3) BDOO
) 1.06) low 1.2
Follow-up: median 1 year (IQR 12-36) 102 per 1000 27 per 1000
(7 to 108)
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All-cause graft loss (ESW both arms) Medium risk population RR 0.60 360 (4) BPOO
low 1,2
Follow-up: median 18 months (IQR 12-30) 148 per 1000 89 per 1000 (0.34t0 1.08)
(50 to 160)
Acute rejection (ESW both arms) Medium risk population RR0.57 360 (4) SDDO
moderate !
Follow-up: median 18 months (IQR 12-30) 208 per 1000 119 per 1000 (0.35t00.93)
(7310 193)
Biopsy-proven CAN (ESW with alem- Medium risk population RR 2.45 86 (2) DO
tuzumab only) low 1.2
. 116 per 1000 284 per 1000 (1.02t0 5.94)
Follow-up: median 30 months (IQR 24-36) (118 to 689)
CMV infection (all studies) Medium risk population RR1.08 225(3) SDOO
low 1.2
Follow-up: median 30 months 80 per 1000 86 per 1000 (0.46 to 2.56)
(IQR 24-36) (37 to 205)
NODAT (ESW alemtuzumab only) Medium risk population RR0.41 69 (2) DO
low 1,2
Follow-up: median 30 months (IQR 24-36) 237 per 1000 97 per 1000 (0.12 to 1.40)
(28 t0 332)
Malignancy (all studies) Medium risk population RR4.93 187 (3) OO All reported
very low 1,2,3 events from
Follow-up: median 36 months (IQR 12-36) 11 per 1000 54 per 1000 (0.59to 41.11) single study
(6 t0 452) (other 2 stud-
ies reported 0
events)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval: RR: Risk Ratio; IQR: interquartile range.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 At risk of selection bias as more than 50% of studies rated as allocation concealment and/or random sequence generation unclear or high risk of causing bias.
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2 Confidence interval includes range of plausible values below clinical significance or including harm.

3Based on few events across all studies.
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BACKGROUND

Description of the condition

Kidney transplantation is the treatment of choice for many patients
with end-stage kidney disease (ESKD) but demand exceeds supply
from organ donors. Increasing this supply and prolonging kidney
transplant survival are therefore important for patients and health
systems (Tonelli 2011).

Description of the intervention

Immunosuppressive therapy consists of initial induction and
maintenance regimens to prevent rejection. Induction may be
defined as treatment with a biologic agent either before, at the time
of, or immediately after transplantation to deplete or modulate T
cell responses at the time of antigen presentation. Maintenance
immunosuppression protocols usually involve three drugs acting
on different parts of the T-cell activation or proliferation cascade:
calcineurin inhibitors (CNI) (e.g. cyclosporin (CSA), tacrolimus),
antiproliferative agents (e.g. azathioprine, mycophenolate mofetil)
and corticosteroids (e.g. prednisolone) (Denton 1999; Hong 2000).

Induction immunosuppression with antibody therapy is now
recommended at the time of transplantation for all patients
(KDIGO 2009). Antibody therapies are monoclonal or polyclonal,
and depleting or non-depleting of lymphocytes. Non-depleting
interleukin-2 receptor monoclonal antibodies (IL2Ra) are
considered first line but it is suggested that recipients at high risk
of rejection (e.g. children, subsequent transplants, certain racial
groups such as African-Americans, and other sensitised patients)
should receive lymphocyte-depleting antibodies. Depleting
antibodies are also used for those at risk of delayed graft
function to delay the introduction of full dose CNI, which can
prolong the duration of acute tubular necrosis (Denton 1999).
Depleting antibodies include polyclonal antibodies against the
human lymphocyte (antilymphocyte globulin (ALG); antithymocyte
globulin (ATG)).

How the intervention might work

Depleting antibodies bind to targetimmune effector cells leading to
complement mediated destruction. Non-depleting antibodies bind
to targets on effector cells preventing their interaction with other
cells rendering them ineffective, but do not lead to cell destruction.

Most antibodies used in transplantation have been directed at
T cells. Significant reduction in circulating T-effector cells is
rapidly observed, leading to impaired cell mediated immunity (the
desired effect to prevent kidney transplant rejection). A number
of different preparations of ATG have been produced over the
last few decades. These can be broadly divided into horse ATG
(hATG), derived from horse serum after immunisation of horses
with human thymocytes, and rabbit ATG (rATG), derived from rabbit
serum. There are currently two or three standardised preparations
available globally. Historical ATG preparations used in early studies
were less standardised compared to the preparations currently
available. Even though both hATG and rATG contain antibodies to
a wide variety of T-cell antigens and MHC antigens, it is likely that
the effects are not equal given that the two types are prepared
differently. One study assessing both efficacy and safety clearly
showed differences between these two preparations (Brennan
1999).

Monomurab-CD3 is a murine monoclonal antibody against the CD3
receptor on activated T cells (Orthoclone OKT3) which became
available in the late 1980s. OKT3 removes the functional T-
cell population from circulation, producing immunosuppression
useful for both induction therapy and the management of
acute rejection. However, this profound immunosuppression is
associated with immediate toxicity (cytokine release syndrome)
and higher rates of infection and malignancy than standard
triple therapy (Soulillou 2001). Use of these preparations may
also be limited by the development of neutralising antibodies to
their xenogeneic components (Kreis 1992). Use of OKT3 for both
induction and treatment of acute rejection has declined in many
countries over recent years due to the side effect profile. Janssen-
Cilag discontinued the manufacture of OKT3 in 2010 due to a
combination of declining sales and evidence from a Cochrane
review on treatment of acute rejection confirming that OKT3 was
associated with increased side effects compared to newer biologic
agents (Webster 2006).

More recently, the IL2Ra basiliximab and daclizumab have been
used in the induction phase. IL2Ra are IgG monoclonal antibodies
to the interleukin-2 receptor found only on activated T cells.
IL2Ra are more specific immunosuppressants, with no immediate
toxicity, and are increasingly used as induction agents, but not for
treating acute rejection (Cibrik 2001). These agents are investigated
in a separate Cochrane review (Webster 2010) and so will not be
considered here.

Other antibodies have also been introduced for kidney
transplantation induction such as alemtuzumab. This humanised
CD-52 specific complement fixing monoclonal antibody was first
used for induction by Calne 1999. Alemtuzumab causes profound
depletion of T-cells from peripheral blood and also less marked
depletion of other mononuclear cells.

Although the majority of current anti-rejection therapies are
targeted at T-cell mechanisms, there is increasing evidence that
B-cells may have a role due to their ability to act as antigen
presenting cells and T-cell activators (Zand 2007). For this reason
the B-cell depleting anti-CD20 antibody, rituximab is also being
used in kidney transplantation. Initially this was used in studies
for ABO-incompatible kidney transplants at induction (Tyden 2003)
but is now being considered for selected patients in some centres.

Why it is important to do this review

Favoured antibody preparations and rates of use differ from
country to country and among transplant units. In 2007 in the
USA, 78% of recipients received an antibody preparation as part
of induction immunosuppression. Forty five per cent of kidney
recipients received ATG, 1% OKT3, 27% IL2Ra and 10% received
alemtuzumab (UNOS 2011). In Australia, 93% of patients received
an IL2Ra in 2008 and 5% to 10% received an additional or
alternative antibody preparation (ANZDATA 2009). There has clearly
been an increase in use of antibody induction therapy over the
last decade (ANZDATA 2009; UNOS 2011) but there is still a large
amount of variability in the type of antibody preparation used. This
reflects local policies to some extent but there is also uncertainty,
in particular in patients at high risk of rejection, as to whether one
agent is superior to another. In patients at higher risk of rejection,
increased risk of side effects may be acceptable if a treatment is
more effective at reducing the risk of acute rejection, leading to
improved rates of allograft and patient survival.
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The aim of this systematic review is to summarise the relative
short and long-term beneficial and adverse effects of different
antibody preparations (except IL2Ra) used as induction in kidney
transplant recipients. A previous Cochrane review looks at the use
of antibodies for treatment of acute rejection episodes (Webster
2006).

OBJECTIVES

« To evaluate the relative and absolute effects of different
antibody preparations (except IL2Ra) when used as induction
therapy in kidney transplant recipients.

« Todetermine how the benefits and adverse events vary for each
antibody preparation.

« To determine how the benefits and harms vary for different
formulations of antibody preparation.

« To determine whether the benefits and harms vary in specific
subgroups of recipients (e.g. children and sensitised recipients).

METHODS

Criteria for considering studies for this review
Types of studies

All randomised controlled trials (RCTs) and quasi-RCTs (RCTs in
which allocation to treatment was obtained by alternation, use
of alternate medical records, date of birth or other predictable
methods) looking at different antibody preparations (except IL2Ra)
used as induction in kidney transplant recipients.

Types of participants

Adults and children who are kidney transplant recipients.

Recipients of multi-organ transplants were excluded from this
review.

Types of interventions

We included studies using antibody preparations given in
combination with any other immunosuppressive agents for
induction therapy.

Exclusions were IL2Ra, as they are the subject of a separate
Cochrane Review (Webster 2010). The authors also note that the
manufacture of OKT3 was discontinued in January 2010 but have
decided to include this agent in the interventions for historical
purposes.

We examined the following comparisons.

o ATG versus placebo/no treatment

* ATG versus ALG

o ATG versus a different ATG (e.g. rabbit versus horse)

o ATG versus monomurab-CD3

o ALGversus placebo/no treatment

o ALG versus monomurab-CD3

« Monomurab-CD3 versus placebo/no treatment

o Alemtuzumab/anti-CD52 versus placebo/no treatment

o Alemtuzumab/anti-CD52 versus other poly- or monoclonal
antibody

« Rituximab/anti-CD20 versus placebo/no treatment

« Rituximab/anti-CD20 versus other poly- or monoclonal antibody

o Other poly- or monoclonal antibody versus placebo/no
treatment

« Other poly- or monoclonal antibody versus other poly- or
monoclonal antibody

« Antibody versus non-antibody intervention

The 'class effect' of anti-lymphocyte preparations was initially
assumed but differences in formulation were also examined (e.g.
rabbit versus horse-based ATG formulations). All dosage regimens
were included and low versus high dose regimens were examined.

Types of outcome measures

Where possible, outcome events were assessed at one, three
and six months, and at one, two, three and five years post-
transplantation.

Primary outcomes

« Death (all cause)

« Graft loss (defined as dependence on dialysis, graft loss
censored for death with a functioning allograft)

« Graft loss including death with a functioning graft

« Incidence of acute rejection of kidney (analysed as combined
outcome for clinical suspicion, biopsy-proven and steroid
resistant).

Secondary outcomes

« Kidney allograft function: glomerularfiltration rate (GFR), serum
creatinine (SCr), creatinine clearance (CrCl), or as defined by
authors

« Incidence of delayed graft function

o Incidence of bacterial, fungal and viral infectious
complications specifically including cytomegalovirus (CMV)
(both asymptomatic CMV viraemia and true cases of CMV
infection with tissue invasion were analysed as reported by the
individual studies) and Polyoma BK virus

« Incidence of new-onset diabetes after transplantation (NODAT)
« Incidence of any malignancy

« Incidence of post-transplant lymphoproliferative disorders
(PTLD) and lymphoma

« Incidence of treatment-related adverse reactions
(gastrointestinal, neurological, haematological, biochemical)
and recognised syndromes (e.g. serum sickness, cytokine
release syndrome).

Search methods for identification of studies
Electronic searches

We searched the Cochrane Kidney and Transplant Specialised
Register up to 29 August 2016 through contact with the Information
Specialist using search terms relevant to this review. The Cochrane
Kidney and Transplant Specialised Register contains studies
identified from the following sources

1. Quarterly searches of the Cochrane Central Register of
Controlled Trials CENTRAL

2. Weekly searches of MEDLINE OVID SP

3. Handsearching of kidney-related journals & the proceedings of
major kidney conferences
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4. Searching of the current year of EMBASE OVID SP
5. Weekly current awareness alerts for selected kidney-journals

6. Searches of the International Clinical Trials Register (ICTRP)
Search Portal & ClinicalTrials.gov

Studies contained in the Specialised register are identified through
search strategies for CENTRAL, MEDLINE, and EMBASE based on
the scope of Cochrane kidney and Transplant. Details of these
strategies as well as a list of handsearched journals, conference
proceedings and current awareness alerts are available in the
'Specialised Register' section of information about the Cochrane
Kidney and Transplant.

See Appendix 1 for search terms used in strategies for this review.

Data collection and analysis
Selection of studies

The search strategy described was used to obtain titles and
abstracts of studies that might have been relevant to the review.
The titles and abstracts were screened independently by two
authors, who discarded studies that were not applicable. However,
studies and reviews that mightinclude relevant data orinformation
on studies were retained initially. Two authors independently
assessed retrieved abstracts and, if necessary the full text, of these
studies to determine which studies satisfy the inclusion criteria.

Data extraction and management

Data extraction was carried out independently by two authors
using standard data extraction forms. Studies reported in non-
English language journals were translated before assessment.
Where more than one publication of one study existed, records
were grouped together and the publication with the most complete
data was used in the analyses. Where relevant outcomes were only
published in earlier versions these data were used. Any discrepancy
between published versions was to be highlighted. Where duplicate
publication was suspected authors were contacted for clarification
and if duplication was confirmed the initial full publication
together with any subsequent publication which adds additional
information (e.g. longer term follow-up data) was included in the
review.

Assessment of risk of bias in included studies

The following items were independently assessed by two authors
using the risk of bias assessment tool (Higgins 2011) (see Appendix
2).

« Was there adequate sequence generation (selection bias)?

« Was allocation adequately concealed (selection bias)?

« Was knowledge of the allocated interventions adequately
prevented during the study?
* Participants and personnel (performance bias)
* Qutcome assessors(detection bias)

« Were incomplete outcome data adequately addressed (attrition
bias)?

« Are reports of the study free of suggestion of selective outcome
reporting (reporting bias)?

« Was the study apparently free of other problems that could put
it at a risk of bias?

Measures of treatment effect

For dichotomous outcomes (e.g. rejection) results were expressed
as risk ratios (RR) with 95% confidence intervals (95% Cl).

Where continuous scales of measurement were used to assess the
effects of treatment (e.g. CrCl), the mean difference (MD) was used,
or the standardised mean difference (SMD) if different scales were
used. For count data (such as total number of infections/person-
year of follow-up) the rate ratio was used. Where time-to-event data
could not be dichotomised, survival analysis methods were used
and the results expressed as hazard ratio (HR).

Where outcomes were not amenable to meta-analysis, i.e.
if reported idiosyncratically (e.g. drug-related specific adverse
reactions), they were tabulated and assessed with descriptive
techniques, and the risk difference (RD) with 95% Cl was calculated.
Quality of life and economic data was analysed using descriptive
techniques.

Assessment of heterogeneity

Clinical and methodological heterogeneity was analysed using a
Cochran Q test (Chi? with N-1 degrees of freedom and a P value of
0.05 used for statistical significance) and with the I? test (Higgins
2003). 12 values of 25%, 50% and 75% correspond to low, medium
and high levels of heterogeneity.

Assessment of reporting biases

Funnel plots were used to assess for the potential existence of small
study bias (Higgins 2011).

Data synthesis

Data was pooled using the random effects model (Higgins 2011).

Subgroup analysis and investigation of heterogeneity

Subgroup analysis was used to explore possible clinical sources of
heterogeneity.

« Baseline maintenance immunosuppression
« Antibody formulation (e.g. rabbit versus horse ATG)
+ Duration and dose of antibody treatment.

'Summary of findings' tables

We have presented the main results of the review in 'Summary of
findings' tables. These tables present key information concerning
the quality of the evidence, the magnitude of the effects of
the interventions examined, and the sum of the available data
for the main outcomes (Schiinemann 2011a). The 'Summary of
findings' tables also include an overall grading of the evidence
related to each of the main outcomes using the GRADE (Grades
of Recommendation, Assessment, Development and Evaluation)
approach (GRADE 2008). The GRADE approach defines the quality
of a body of evidence as the extent to which one can be confident
that an estimate of effect or association is close to the true quantity
of specific interest. The quality of a body of evidence involves
consideration of within-trial risk of bias (methodological quality),
directness of evidence, heterogeneity, precision of effect estimates
and risk of publication bias (Schiinemann 2011b). We presented the
following outcomes in the 'Summary of findings' tables.

« Death
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« Graftloss

« Delayed graft function
o Acute rejection

« CMVinfection

« Malignancy

« NODAT

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of
excluded studies; Characteristics of studies awaiting classification;
Characteristics of ongoing studies.

Results of the search

After searching the Specialised Register we identified 452
records. After duplicates were removed and titles and abstracts
screened we retrieved 285 full-text articles for further assessment.
Of these, 99 studies (268 records) were included and five
studies (8 records) were excluded. Three ongoing studies
(NCT00733733; NCT01154387; ReMIND Study 2013) were identified,
and five studies (NCT00089947; NCT00861536; NCT01046955;
NCT01354301; Stevens 2016) were identified prior to publication.
These eight studies and will be assessed in a future update of this
review (Figure 1).
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Figure 1. Flow diagram of included and excluded studies.
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Figure 1. (Continued)

4. ATG adjusted for CD3 count versus fixed dose (45)

5. ATG adjusted for CD3 versus total lymphocytes (21)
6. Standard dose ATG versus low dose ATG (43)
-

rituximab + bortezomib (40)

8. OKT3 standard versus low dose (26)

9. OKT3 standard wersus high dose (29)
10. ALG wersus ATG (50)
11. Anti CD2 rat MAb versus placeba (40)
12, ALG versus OKT3 far delayed graft function (51)
13. Low versus high dose ALG (83)
14. High versus low potency ALG (71)
15 Anti-CD7 versus OKT3 (20)
16. Anti-LFA-1 MAD wversus placebo (22)
17, Anti LFA-1 MAD versus ATG (101)
18. ALG 14 versus 7 days (100)
19, Anti-ICAM-1 MAD versus placebo (266)

CATG versus ATG + rituximab versus ATG + bortezomib versus ATG +

Outcomes (studies)

a Death (83)

& Graft loss (all cause) (70)
« Death censared graft loss (24)
& Acute rejection (84)

a Delayed graft function (42)
= Infection (61)

& CMY (35)

& BV (7)

& Malignancy/PTLD (30)

# NODAT (12)

& Graft function (33)

& CAN (2)

& Leucopenia (16)

& Thrombocytopenia (12)

& Other adverse event (15)

Included studies

Ofthe 99 included studies, 92 had data that could be used for meta-
analysis and these combined studies represented a total of 8802
randomised participants. ATG was used in 41 studies, alemtuzumab
in 11, OKT3 in 27, ALG in 26, rituximab in 3 and other antibodies in
5 studies.

There were 19 comparisons of an antibody versus placebo or
antibody versus other antibody that were studied in a single study
only. These are briefly discussed in the text below but have not been
meta-analysed.

Interventions

Number of studies (participants) in included studies by
comparison
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a Includes the following; anti CD2 rat monoclonal antibody,
anti CD7 monoclonal antibody, anti-LFA-1 monoclonal antibody,
anti-ICAM-1 monoclonal antibody, rituximab combined with ATG,
bortezomib combined with ATG, both rituximab and bortezomib
combined with ATG.

b Indicates studies comparing different doses or formulations of
same agent.

ATG versus placebo/no treatment

Twelve studies (1491 participants) compared ATG with placebo or
no treatment in a CNI-based regimen (Banhegyi 1991; Charpentier
2002; Kasiske 1997; Khosroshahi 2008; Martins 2004; Mourad 1998;
Samsel 1999; Sheashaa 2008; Thibaudin 1998; TRIMS Study 2010;
van den Hoogen 2013; Yussim 2000), and a further five studies (553
participants) in a non-CNI-based regimen (Cosimi 1976; Diethelm
1979; Kountz 1977; Kreis 1986; Wechter 1979).

Rabbit ATG versus horse ATG

Three studies (155 participants) compared rATG with hATG in a CNI-
based regimen (Bock 1999; Brennan 1999; Rostaing 2010).

ATG versus alemtuzumab

Six studies (446 participants) compared ATG with alemtuzumab.
Four studies had early steroid withdrawal (ESW) or steroid
minimisation in both arms in a CNI-based regimen (Farney 2008;
Hanaway 2011; Lu 2011; Thomas 2007) and two studies had ESW in
the alemtuzumab arm only (Ciancio 2005; Ciancio 2010) and triple
maintenance in the ATG groups.

Alemtuzumab versus placebo/no treatment

Four studies (296 participants) compared alemtuzumab with
placebo or no treatment. Three of four studies used ESW with
either single or double agent maintenance immunosuppression in
the alemtuzumab group (CAMPASIA Study 2005; Margreiter 2008;
Sharaf El Din 2006) versus triple therapy maintenance in the control
group, and one study (Friend 1987) used ESW and single agent CSA
maintenance in both groups.

Rituximab versus placebo

Three studies (447 participants) compared rituximab with placebo
(Smeekens 2013; Tsai 2012; Tyden 2009).

ATG versus OKT3

Six studies (571 participants) compared ATG with OKT3 (Bock 1995;
Cole 1994; Fukuuchi 1996; Kumar 1998a; Perez-Tamajon 1996;
Raffaele 1991). Maintenance immunosuppression was CNI-based
triple therapy and the same in both arms for all six studies.

OKT3 versus placebo/no treatment

Twelve studies (1184 participants) compared OKT3 with placebo or
no treatment (Abramowicz 1992; Ackermann 1988; Benfield 1999;
Debure 1987; De Pauw 1990; Henry 2001; Kreis 1986; Morales 1994a;
Norman 1988; Norman 1993; Shield 1993; Vigeral 1986).

Six studies (593 participants) compared ALG with OKT3 (Broyer
1993; Frey 1991; Grino 1991; Hanto 1991; Niaudet 1990; Vela 1994).

ALG versus placebo/no treatment

Sixteen studies (1809 participants) compared ALG with placebo or
no treatment (Belitsky 1991; Bell 1983; Cantarovich 2008; Condie
1985; Gianello 1987; Grundmann 1984; Halloran 1982; Jakobsen
1981; Grino 1990; Launois 1977; Maiorca 1984; Minnesota Study
1982; Novick 1983; Sansom 1976; Slakey 1993; Taylor 1976).

Other antibodies

Five studies looked at single antibody comparisons each: anti-CD2
rat monoclonal antibody versus placebo (40 participants, Squifflet
1997), anti-CD7 monoclonal antibody versus OKT3 (20 participants,
Lazarovits 1993), anti-LFA-1 monoclonal antibody versus placebo
(22 participants, Spillner 1998), anti-LFA-1 monoclonal antibody
versus ATG (101 participants, Hourmant 1996), and anti-ICAM-1
monoclonal antibody versus placebo (266 participants, EARTS
Study 1999). One small pilot study compared ATG with 3
other combination induction regimens; ATG + rituximab, ATG +
bortezomib; ATG + rituximab + bortezomib (40 participants, Ejaz
2013).

Other comparisons

A further thirteen studies looked at other ATG, OKT3 or ALG
comparisons but each of these had only a single study for each
comparison. The ATG studies were:

« Single versus divided dose ATG (142 participants, Stevens 2008)

« Two versus four doses (same total) of ATG (17 participants,
Buchler 2013)

« rATG Fresenius versus rATG Merieux (90 participants, Norrby
1997)

« ATG adjusted for CD3 count versus fixed dose (45 participants,
Abouna 1995)

« ATG adjusted for CD3 count versus adjusted for total lymphocyte
count (21 participants, Ata 2013)

« standard versus low dose ATG (43 participants, Grafals 2014)
» ATG versus ALG (50 participants, Toledo-Pereyra 1985).

The OKT3 studies were:

+ Standard versus low dose (26 participants, Norman 1993a)
« Standard versus high dose (29 participants, Abramowicz 1994)

« OKT3 versus ALG given only for delayed graft function (51
participants, Steinmuller 1991).

The remaining ALG studies were:

« Low versus high dose (83 participants, Sakhrani 1992)

« Low potency versus high potency ALG (71 participants, Thomas
1977)

« Fourteen versus 7 days induction (100 participants, Grundmann
1987).

Reported outcome measures

ALG versus OKT3 The reporting of outcome measures was variable across studies:
83 reported patient death, 70 reported all-cause graft loss and 24
death-censored graft loss while 84 reported acute rejection and
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42 reported delayed graft function (see Figure 1). Acute rejection
was reported in a further seven studies but could not be used
in meta-analysis as rejection was either reported without actual
figures or reported as total number of episodes rather than number
of participants. Graft function was reported at a variety of time
points in 33 studies. Some studies reporting graft function could
not be included in meta-analysis as there was no SD or SE reported.
Reporting of harms was more limited and inconsistent among
studies. Participants with any serious infection were reported
in 61 (66%) studies, however a further 7 studies also assessed
infection, but expressed their results as ‘infectious episodes’, or
reported no actual figures and so this data could not be easily
meaningfully combined. CMV infection was reported in 35 studies
and BKV infection in only 7 studies. Malignancy and PTLD were
reportedin only 30 studiesand NODAT in 12. Haematological effects
were reported in very few studies; 16 reported leucopenia and 12
thrombocytopenia. Very small numbers of studies reported other
adverse outcomes including serum sickness, tremor, headache,

chronic allograft nephropathy (on biopsy) and failure to complete
induction therapy.

Excluded studies

Five studies were excluded (Alloway 1993; Kirsch 2006; Kumar
2002b; NCT00000936; NCT01312064). The reasons for exclusion
were:

« Mixed population and data could not be separated (Alloway
1993)

+ No outcomes of interest were reported (Kirsch 2006)
« Not a true randomisation (Kumar 2002b)

« Study terminated and no results published (NCT00000936;
NCT01312064).

Risk of bias in included studies

Reporting of details of study methodology was incomplete for the
majority of studies. Details are summarised in Figure 2 and Figure 3.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 2. (Continued)
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Figure 2. (Continued)
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Twenty studies reported adequate sequence generation, and 27
reported adequate allocation concealment. Five studies used
inadequate methods of sequence generation and four used
inadequate allocation concealment. The remainder (74 studies
for sequence generation and 68 for allocation concealment) used
unclear methodology.

Blinding

Seventy-six studies adequately reported blinding of participants
and personnel, and 54 studies adequately reported blinding of
outcome assessment. Two studies had inadequate blinding of
participants and personnel and six studies had inadequate blinding
of outcome assessment. The remainder had unclear methods.

Incomplete outcome data

Incomplete outcome data was adequately addressed in 68 studies,
and inadequately in eight studies. The remainder were unclear.

Selective reporting

Forty-five studies were free of selective reporting, 43 studies were
inadequate, while the remainder of studies were unclear.

Other potential sources of bias

Thirteen studies declared their funding source to be independent
or academic funding body, and so were judged free of other
potential biases. Twenty-eight studies were deemed to be high risk
of other bias due to funding from a pharmaceutical company or
author links to industry or other reasons not covered by above
bias assessments. Others did not disclose the funding source of the
study or gave limited information about funding and were judged
unclear.

Effects of interventions

See: Summary of findings for the main comparison; Summary of
findings 2

ATG versus placebo/no induction treatment

ATG had little or no effect on death at 1 to 2 years compared to
placebo or no treatment in older studies without CNI maintenance
(Analysis 1.1.3 (6 studies, 621 participants): RR 1.03, 95% CI 0.86
to 1.22; 12 = 0%) and uncertain effect in more contemporary
studies including CNI maintenance (Analysis 1.1.2 (5 studies, 632
participants): RR 0.75, 95% Cl 0.27 to 2.06; 12 = 0%). In the CNI
studies, there was also uncertain effect on death at 3 to 6 months
(Analysis 1.1.1 (3 studies, 523 participants): RR 0.41, 95% CI 0.13
to 1.22; 12 = 0%) and at 5 years (Analysis 1.1.4 (2 studies, 159
participants): RR 0.94, 95% Cl 0.11 to 7.81; 12 = 48%).

Treatment with ATG had uncertain effect on all-cause graft loss
in CNI studies at 3 to 6 months (Analysis 1.2.1 (4 studies, 638
participants): RR 0.60, 95% CI 0.34 to 1.05; 12 = 0%), at 1 to 2
years (Analysis 1.2.2 (3 studies, 549 participants): RR 0.65, 95% ClI
0.36 to 1.19; 12 = 6%) and at 5 years (Analysis 1.2.4 (2 studies, 159
participants): RR 1.13, 95% Cl 0.62 to 2.05; |12 = 0%). However, ATG
reduced graft loss in the non-CNI studies at 1 to 2 years (Analysis
1.2.3 (4 studies, 500 participants): RR 0.70, 95% Cl 0.49 to 1.01; 12 =
50%). When CNI and non-CNI studies were combined, ATG reduced
all-cause graft loss at 1 to 2 years (Analysis 1.2.5 (7 studies, 1049
participants): RR0.71, 95% CI 0.53 to 0.95; 12 = 35%).

Death-censored graft loss was reduced at 1 to 2 years in non-CNI
studies (Analysis 1.3.2 (6 studies, 299 participants): RR 0.55, 95% ClI
0.38 to 0.78; 12 = 0%) but there was uncertain effect in CNI studies
at 2 years (Analysis 1.3.1 (2 studies, 82 participants): RR 0.57, 95%
C10.19to 1.75;12=0%) and at 5 years (Analysis 1.3.3 (2 studies, 148
participants): RR 1.64, 95% Cl 0.20 to 13.18; 12 = 71%). Again, if CNI
and non-CNI studies were combined then death censored graft loss
was significantly reduced with ATG at 1 to 2 years (Analysis 1.3.4 (8
studies, 381 participants): RR 0.55, 95% CI 0.39 to 0.77; 12 = 0%).

ATG prevented acute rejection (Analysis 1.4 (17 studies, 2044
participants): RR 0.63, 95% Cl 0.51 to 0.78; I2 = 65%). The relative
reduction in risk of rejection was similar in studies including CNI
maintenance (Analysis 1.4.1 (12 studies, 1491 participants): RR0.61,
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Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

95% C10.49 t0 0.76; 12 =35%) compared to non-CNI studies (Analysis
1.4.2 (5 studies, 553 participants): RR 0.65, 95% Cl 0.43 to 0.98; 12 =
73%) (P =0.79; 12 = 0% for subgroup analysis).

ATG had little or no effect on delayed graft function (Analysis 1.5 (9
studies, 1304 participants): RR 0.93, 95% CI 0.78 to 1.10; 12 = 0%).

ATG increased CMV infection (Analysis 1.6.2 (6 studies, 1072
participants): RR 1.55, Cl 1.24 to 1.95; 12 = 0%) but had uncertain
effects on all-cause viral infection (Analysis 1.6.4 (3 studies, 197
participants): RR 1.38, 95% Cl 0.56 to 3.39; I2 = 46%) and bacterial
infection (Analysis 1.6.5 (5 studies, 775 participants): RR 1.15, 95%
C10.96 to 1.37; 12 =0%).

Leucopenia (Analysis 1.7 (4 studies, 920 participants): RR 3.86, 95%
Cl 2.79 to 5.34; 12 = 0%) and thrombocytopenia (Analysis 1.8 (4
studies, 848 participants): RR2.41,95% Cl 1.61 to 3.61; 12 =0%) were
both increased by ATG.

ATG had uncertain effects on both early malignancy at 1 to 2 years
(Analysis 1.9.1 (3 studies, 611 participants): RR 0.94, 95% CI 0.22 to
3.94; 12 = 0%) and on late malignancy at 5 years (Analysis 1.9.2 (2
studies, 159 participants): RR 0.94, 95% Cl 0.14 to 6.23; 12=0%). The
single study (151 participants) that reported PTLD had no events at
1yearin either arm (Analysis 1.9).

ATG had uncertain effect on development of NODAT (Analysis 1.10.1
(6 studies, 935 participants): RR 1.01, 95% CI 0.56 to 1.84; 12 =39%).

There was no difference in SCr at 6 months (Analysis 1.11.1 (2
studies, 503 participants): MD -5.34 umol/L, 95% CI -13.44 to 2.75;
12 = 0%), 1 year (Analysis 1.11.2 (2 studies, 222 participants): MD
-10.56 umol/L, 95% Cl -21.81 to 0.69) or 5 years (Analysis 1.11.5
(1 study, 55 participants): MD -32.70 umol/L, 95% CI -68.98 to
3.58) following ATG therapy in studies including CNI maintenance.
There was also no difference in SCr at 1 year in the single non CNI
study that assessed graft function (Turcotte 1973). Graft function
measured by eGFR was only assessed in one study (Sheashaa 2008)
and was similar between treatment groups at 5 years (1 study, 71
participants: MD 4.80 mL/min, 95% CI -2.57 to 12.17).

Rabbit ATG versus horse ATG

There was sparse data for meta-analyses comparing rATG versus
hATG. rATG had uncertain effects on death at 1 year (Analysis 2.1.1
(2 studies, 139 participants): RR 0.41, 95% CI 0.07 to 2.30; I2 =
0%) and on long-term death at 10 years (Analysis 2.2.2 (1 study,
72 participants): RR 0.75, 95% Cl 0.35 to 1.59) compared to hATG.
The effect on all-cause graft loss was also uncertain at both 1
year (Analysis 2.1.3 (2 studies, 139 participants: RR 0.31, 95% ClI
0.08 to 1.27; 12 = 14%) and at 10 years (Analysis 2.1.4 (1 study, 72
participants: RR 0.96, 95% Cl 0.58 to 1.58).

rATG prevented acute rejection (2 studies, 88 participants: RR 0.17,
95% C10.04 to 0.76) compared to hATG although one study reported
no events (Rostaing 2010).

Single studies reported uncertain effects of rATG compared to hATG
with respect to delayed graft function (Rostaing 2010) (Analysis
2.1.7, 16 participants: RR 0.50, 95% Cl 0.06 to 4.47), all-cause
infection (Rostaing 2010) (Analysis 2.2.1, 16 participants: RR 1.67,
95% C10.59t0 4.73), and malignancy (Brennan 1999) (Analysis 2.2.4,
72 participants: RR 0.40, 95% C1 0.12 to 1.35).

Brennan 1999 reported CMV disease was reduced with rATG at 1
year (Analysis 2.2.2, 72 participants: RR 0.38, 95% CI 0.15 to 0.96),
more leucopenia with rATG compared to hATG (analysis 2.2.3, 72
participants: RR 13.50, 95% CI 1.95 to 93.46), and graft function was
better at 10 years with a lower SCr in the hATG group (Analysis 2.3,
35 participants: MD 44.0 umol/L, 95% Cl 20.41 to 67.59).

Alemtuzumab versus ATG

The effects of alemtuzumab (with ESW or minimisation) compared
to ATG on death were uncertain both at 1 year (Analysis 3.1.1 (2
studies, 41 participants): RR 0.39,95% CI 0.06 to 2.42;12=0%) and at
2to3years (Analysis 3.1.2 (3 studies, 225 participants): RR0.67,95%
Cl 0.15 to 2.95; 12 = 33%). Similarly, alemtuzumab had uncertain
effect on all-cause graft loss at 1 year (Analysis 3.1.3 (2 studies, 41
participants): RR0.39,95% Cl 0.12 to 1.30; 12=0%) and at 2 to 3 years
(Analysis 3.1.4 (3 studies, 379 participants): RR 0.98, 95% CI 0.47 to
2.06; 12 = 42%) and on death-censored graft loss at 1 year (Analysis
3.1.5 (2 studies, 37 participants): RR 0.38, 95% CI 0.08 to 1.81; 12 =
0%) and at 2 to 3 years (Analysis 3.1.6 (2 studies, 186 participants):
RR 2.45,95% Cl 0.67 to 8.97; 12 = 17%) compared to ATG. There was
also uncertain effect of alemtuzumab versus ATG on delayed graft
function (Analysis 3.1.7 (2 studies, 86 participants): RR 0.62, 95% ClI
0.13t0 3.07; 12 = 0%).

Alemtuzumab had uncertain effect on acute rejection in the first 6
months (Analysis 3.2.1 (3 studies, 341 participants): RR 0.47, 95%
Cl 0.17 to 1.30; 12 = 32%) and at 1 year or more (Analysis 3.2.2 (6
studies, 446 participants: RR 0.68, 95% Cl 0.44 to 1.05; 12 = 0%).
Two of these 6 studies favoured ATG (Ciancio 2005; Ciancio 2010)
while the other four favoured alemtuzumab (Farney 2008; Hanaway
2011; Lu 2011; Thomas 2007). This difference may be explained
by ESW in the alemtuzumab group but not the ATG group in two
studies (Ciancio 2005; Ciancio 2010), compared to ESW in both
arms in the other four studies. Subgroup analysis of these four
studies showed acute rejection was reduced at 1 year and beyond
by alemtuzumab compared to ATG in studies with ESW in both arms
(Analysis 3.2.3 (4 studies, 360 participants: RR 0.57, 95% Cl 0.35 to
0.93; 12 = 0%) (test for subgroup differences, P = 0.13). Subgroup
analysis of the two studies with alemtuzumab plus ESW versus ATG
and steroid continuation showed the effect of alemtuzumab and
ESW on acute rejection at 1 year was uncertain (Analysis 3.2.4 (2
studies, 86 participants): RR 1.27, 95% Cl 0.50 to 3.19; 12 = 0%).
The results of all outcomes other than acute rejection were not
significantly altered when subgroup analysis was done including
only studies with steroid avoidance in both the alemtuzumab and
ATG arms.

There was an increased rate of chronic allograft nephropathy (CAN)
on biopsy with alemtuzumab plus ESW but this was only assessed
in the 2 studies that had triple maintenance immunosuppression
in the ATG arms (Analysis 3.2.5 (2 studies, 86 participants): RR
2.64, 95% Cl 1.09 to 6.36; 12 = 0%). The classification of CAN
is a historical one, present in the original Banff 1997 diagnostic
categories (Racusen 1999) but removed in the 2005 update (Solez
2007).

Alemtuzumab had uncertain effect on all-cause infection (Analysis
3.3.1 (4 studies, 247 participants): RR 0.94, 95% CI 0.63 to 1.41; 12 =
0%), CMV infection (Analysis 3.3.2 (3 studies, 225 participants): RR
1.08, 95% CI 0.46 to 2.56; 12 = 0%), and BKV infection (Analysis 3.3.3
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(2 studies, 86 participants: RR 3.00 95% Cl 0.13 to 70.83; 12 = 0%),
when compared to ATG.

Risk of leucopenia was assessed in one study (Ciancio 2005) and
was increased at one month with alemtuzumab compared to ATG
(Analysis 3.4.1 (60 participants): RR 21.00, 95% Cl 1.29 to 342.93) but
not at two years (Analysis 3.4.2 (53 participants): RR 3.12, 95% Cl
0.13t0 70.83).

The effect of alemtuzumab plus ESW and dual maintenance
(tacrolimus and mycophenolate) versus ATG and triple
maintenance (CNI, steroid and either azathioprine or
mycophenolate) on NODAT was uncertain (Analysis 3.4.3 (2 studies,
69 participants): RR 0.41, 95% Cl 0.12 to 1.40; 12 = 0%).

There was uncertain effect of alemtuzumab compared to ATG for
other harms including malignancy (Analysis 3.4.4 (3 studies, 187
participants): RR 4.93, 95% Cl 0.59 to 41.11), PTLD (Analysis 3.4.5
(2 studies, 165 participants): no events), cytokine release syndrome
(Analysis 3.4.6 (1 study, 22 participants): RR 0.20, 95% CI 0.01 to
3.74), or occurrence of any serious adverse event (Analysis 3.4.7 (1
study, 139 participants): RR 0.81, 95% Cl 0.59 to 1.12).

Graft function measured by CrCl was lower with alemtuzumab plus
ESW and dual maintenance at six months (Analysis 3.5.1 (2 studies,
83 participants): MD -13.35 mL/min, 95% Cl -23.91 to -2.80; 12 = 0%)
and two years (Analysis 3.5.2 (2 studies, 77 participants): MD -12.86
mL/min, 95% Cl -23.73 to -2.00; 12 = 0%) compared to ATG plus triple
maintenance.

Alemtuzumab (and ESW) versus no induction

Three of the four studies wused triple maintenance
immunosuppression including steroids in the control group
(CAMPASIA Study 2005; Margreiter 2008; Sharaf El Din 2006), Friend
1987 used only CSA. Sensitivity analyses excluding Friend 1987 did
not significantly alter the summary risk ratio for any outcomes for
the remaining studies. Results are therefore reported including all
four studies.

Alemtuzumab and ESW had uncertain effect on death (Analysis
4.1.1 (4 studies, 296 participants): RR 1.54, 95% Cl 0.60 to 4.00;
12 = 0%) and all-cause graft loss (Analysis 4.1.2 (4 studies, 296
participants): RR0.86,95% C1 0.47 to 1.59; 12 =0%) at 6 to 12 months
compared to no induction.

Alemtuzumab and ESW had little or no effect on acute rejection
within 6 months compared with no induction (Analysis 4.1.3 (3
studies, 213 participants): RR 0.72, 95% Cl 0.48 to 1.08; 12 =0%) and
had uncertain effect at 1 year or later (Analysis 4.1.4 (4 studies, 244
participants): RR 0.89, 95% Cl 0.42 to 1.87; 12 =32%).

CAMPASIA Study 2005 showed uncertain effects of alemtuzumab on
delayed graft function (Analysis 4.1.5 (30 participants): RR 2.00, 95%
C10.26 to 15.62)

The risk of CMV infection was increased with alemtuzumab
(Analysis 4.2.1 (2 studies, 161 participants): RR 2.28, 95% CI 1.18 to
4.40; 12 = 0%) compared with control.

The effect of alemtuzumab was imprecise for all-cause infection
(Analysis 4.2.2 (3 studies, 213 participants): RR 1.15, 95% CI 0.46 to
2.89; 12 = 71%), NODAT (Analysis 4.2.3 (2 studies, 161 participants):

RR 0.57, 95% CI 0.13 to 2.46; 12 = 0%), and thrombocytopenia
(Analysis 4.2.4 (1 study, 30 participants): RR 1.33, 95% CI 0.45 to
3.96). Malignancy and PTLD were assessed in CAMPASIA Study 2005
and there were no events reported in either group.

There was little or no effect on graft function measured by SCr
with alemtuzumab and ESW compared to no induction both at 6
months (Analysis 4.3.1 (1 study, 27 participants): MD -5.00 umol/
L, 95% Cl -28.90 to 18.90) and 1 year (Analysis 4.3.2 (2 studies, 108
participants): MD -2.89 umol/L, 95% Cl -43.29 to 37.52; 12 = 0%).

Rituximab versus placebo

Only death and acute rejection were reported in all three studies
comparing rituximab versus placebo.

Rituximab had uncertain effect on death both at 6 months (Analysis
5.1.1 (3 studies, 447 participants): RR 0.55, 95% CI 0.18 to 1.71; 12 =
0%) and at 3 to 4 years (Analysis 5.1.2 (2 studies, 381 participants):
RR 2.06,95% CI 0.27 to 15.64; 12 = 74%) when compared to placebo.

There was uncertain effects of rituximab on all-cause graft loss
(Analysis 5.1.3 (2 studies, 416 participants): RR 0.58, 95% CI 0.26
to 1.28; 12 = 0%) and death-censored graft loss (Analysis 5.1.4 (2
studies, 405 participants): RR 0.55, 95% Cl 0.21 to 1.46; 12 = 0%) at
6 months.

Acute rejection was not reduced at 6 months with rituximab
compared to placebo (Analysis 5.1.5 (3 studies, 447 participants):
RR 0.73,95% Cl 0.48 to 1.10; 12 = 0%).

Leucopenia at 6 months was increased (Analysis 5.2.4 (2 studies,
416 participants): RR 8.15, 95% Cl 2.00 to 33.15; 12 = 21%) with
rituximab compared to placebo.

The effect of rituximab on CMV infection, BKV infection, fungal
infection and malignancy was also uncertain (Analysis 5.2).

There was little or no effect of rituximab on graft function (eGFR)
at 6 months (Analysis 5.3 (2 studies, 388 participants): MD 0.32 mL/
min, 95% CI -3.34 to 3.97; 12 = 0%).

ATG versus OKT3

ATG had uncertain effect on death at 6 to 12 months compared with
OKT3 (Analysis 6.1.1 (5 studies, 451 participants): RR 1.29, 95% CI
0.64 to 2.60; 12 = 0%) and no effect on death-censored graft loss at
6 to 12 months (Analysis 6.1.2 (5 studies, 439 participants): RR 1.00,
95% Cl 0.64 to 1.57; 12 = 0%).

There was little or no effect on acute rejection with ATG compared to
OKT3 at 1 year (Analysis 6.1.3 (4 studies, 450 participants): RR 0.76,
95% C10.53t0 1.09; 12=67%) and on delayed graft function (Analysis
6.1.4 (3 studies, 235 participants): RR 0.80, 95% Cl 0.52 to 1.24; 12 =
0%).

ATG had no effect compared to OKT3 on CMV infection (Analysis
6.2.1 (3 studies, 274 participants): RR 1.13, 95% Cl 0.88 to 1.46;
I2 = 4%) and uncertain effects on bacterial infection (Analysis
6.2.2 (1 study, 50 participants): RR 0.51, 95% Cl 0.20 to 1.32),
leucopenia (Analysis 6.2.3 (1 study, 104 participants): RR 1.92, 95%
Cl 0.78 to 4.74), thrombocytopenia (Analysis 6.2.4 (1 study, 104
participants): RR 4.81, 95% Cl 0.24 to 97.91), and the inability to
complete induction due to side effects (Analysis 6.2.6 (2 studies, 131
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participants): RR 1.96, 95% Cl 0.10 to 39.72; 12 = 50%). Malignancy
was only reported in Bock 1995 and there were no events reported
in either group (Analysis 6.2.5).

Bock 1995 reported ATG had uncertain effects compared to OKT3
on graft function at 1 year (SCr) (Analysis 6.3 (88 participants): MD
0.00 pmol/L, 95% CI -3.56 to 3.56).

OKT3 versus placebo/no treatment

Areduction in death was seen with OKT3 compared to no induction
at 1to 2 years (Analysis 7.1.1 (6 studies, 491 participants): RR 0.41,
95% Cl 0.18 to 0.97; 12 = 0%) but the benefit was uncertain at 3 to
5 years (Analysis 7.1.2 (5 studies, 768 participants): RR 0.72,95% ClI
0.37 to 1.44; 12 =38%).

The effect of OKT3 compared to no induction on graft loss was
uncertain both at 1 to 2 years (Analysis 7.1.3 (7 studies, 416
participants): RR0.55,95% Cl 0.30to 1.02;12=0%) and at 3 to 5 years
(Analysis 7.1.4 (5 studies, 768 participants): RR 0.73, 95% CI 0.47 to
1.14;12 = 65%).

Acute rejection was decreased with OKT3 compared to noinduction
for CNI studies (Analysis 7.1.5 (8 studies, 968 participants): RR 0.60,
95% C10.43t0 0.83;12=79%) but the effect was uncertain in non CNI
studies (Analysis 7.1.6 (3 studies, 85 participants): RR 0.70, 95% ClI
0.33 to 1.46; 12 = 86%).

The effect of OKT3 compared to placebo on delayed graft function
was uncertain (Analysis 7.1.7 (6 studies, 494 participants): RR 1.08,
95% C1 0.70 to 1.65; 12 = 63%)

Abramowicz 1992 showed an increased risk of all-cause infection
with OKT3 (Analysis 7.2.1 (108 participants): RR 1.38, 95% ClI
1.04 to 1.82). OKT3 had uncertain effects on all other infection
subtypes including bacterial infection (Analysis 7.2.2 (3 studies, 366
participants): RR 1.01, 95% Cl 0.76 to 1.34; 12 = 0%), all-cause viral
infection (Analysis 7.2.3 (2 studies, 353 participants: RR 0.99, 95%
C10.72t0 1.37; 12=0%), CMV infection (Analysis 7.2.4 (3 studies, 332
participants): RR 1.52, 95% C1 0.82 to 2.84; 12 = 0%), Herpes Simplex
virus infection (Analysis 7.2.5 (1 study, 215 participants): RR 1.45,
95% Cl 0.89 to 2.38), and fungal infection (Analysis 7.2.6 (3 studies,
568 participants): RR 1.26, 95% CI 0.33 to 4.89; 12 = 68%).

The effect of OKT3 compared to placebo on malignancy and PTLD
was uncertain (Analysis 7.2.7 (3 studies, 610 participants): RR 1.34,
95% Cl 0.52 to 3.50; 12 = 0%).

There was no difference in graft function measured by SCr with
OKT3 compared to placebo both at 3 months (Analysis 7.3.1 (3
studies, 226 participants): MD -0.93 pmol/L, 95% CI -15.78 to 13.93;
12 = 0%) and at 1 year (Analysis 7.3.2 (2 studies, 261 participants):
MD -6.22 umol/L, 95% CI -18.21 to 5.76; I2 = 0%). The effect on graft
function at 3 to 4 years was uncertain with only 2 studies reporting
for a total of 38 participants at this time point (Analysis 7.3.3 (2
studies, 38 participants): -21.10 umol/L, 95% CI -49.81 to 7.61; 12 =
60%).

ALG versus OKT3

ALG had uncertain effects on death at 1 to 2 years (Analysis 8.1.1 (3
studies, 300 participants): RR 2.00, 95% Cl 0.62 to 6.47; 12 = 0%) and
3years (Analysis 8.1.2 (2 studies, 265 participants): RR 1.03, 95% ClI

0.13 to 8.09; 12 = 41%) and also uncertain effect on all-cause graft
loss at 1 to 2 years (Analysis 8.1.3 (3 studies, 300 participants): RR
1.01, 95% CI 0.57 to 1.80; 12 = 18%) and 3 years (Analysis 8.1.4 (2
studies, 265 participants): RR 1.08, 95% CI 0.68 to 1.70 ; 12 = 0%)
compared with OKT3.

There was little or no effect on acute rejection with ALG compared
to OKT3 (Analysis 8.1.5 (6 studies, 593 participants): RR 0.97,95% ClI
0.83t0 1.13; 12 = 0%).

Delayed graft function was less with ALG compared to OKT3
(Analysis 8.1.6 (3 studies, 310 participants): RR 0.78, 95% Cl 0.61 to
0.99; 12 = 0%)

ALG had uncertain effect on CMV infection (Analysis 8.2.1 (4 studies,

431 participants): RR 1.53,95% C1 0.82 t0 2.85; 12=57%) and all other
infection outcomes (Analysis 8.2).

ALG treatment was associated with lower SCr values at 1 year
(Analysis 8.3.1 (2 studies, 245 participants): MD -15.85 pmol/L, 95%
Cl -28.55 to -3.15; 12 = 0%) but this was not sustained at 2 years
(Analysis 8.3.2 (2 studies, 223 participants): MD 12.50 umol/L, 95%
Cl-13.52 t0 38.52; 12 =59%).

ALG versus placebo/no treatment

ALG had little or no effect on all-cause death or all-cause graft loss
at any time point after transplantation compared to placebo or no
induction (Analysis 9.1).

Acute rejection was prevented with ALG compared to placebo or
no induction (Analysis 9.1.7 (13 studies, 1575 participants): RR 0.69,
95% CI 0.53 to 0.92; 12 = 87%) and ALG reduced delayed graft
function (Analysis 9.1.8 (5 studies, 615 participants): RR 0.55, 95%
C10.31t0 0.97; 12 = 73%).

ALG markedly increased both CMV infection (Analysis 9.2.1 (3
studies, 289 participants): RR 2.45, 95% Cl 1.23 to 4.85; 12 =0%) and
all-causeviralinfections (Analysis 9.2.2 (2 studies, 324 participants):
RR 2.71, 95% Cl 1.86 to 3.95; I2 = 0%), and may increase bacterial
infection rates (Analysis 9.2.3 (4 studies, 742 participants): RR
1.18, 95% Cl 0.92 to 1.52; 12 = 43%). The treatment effect on
fungal infection rates was uncertain (Analysis 9.2.4 (1 study, 230
participants): RR 1.11, 95% CI 0.63 to 1.95).

ALG markedly increased thrombocytopenia (Analysis 9.2.5 (1 study,
67 participants): RR 12.19, 95% Cl 3.10 to 47.92) and leucopenia
(Analysis 9.2.6 (2 studies, 297 participants): RR 20.31, 95% CI| 0.61 to
676.54; 12=83%). ALG had uncertain effects on malignancy or PTLD
(Analysis 9.2.7 (4 studies, 623 participants): RR 0.60, 95% CI 0.27 to
1.31; 12 = 0%) and NODAT (Analysis 9.2.8 (1 study, 105 participants):
RR 0.93, 95% CI 0.22 to 3.93).

ALG had uncertain effect on both early graft function at 1-2 years
and long term graft function at 10-20 years compared to placebo or
no induction (Analysis 9.3).

Other studies

The remainder of comparisons (Figure 1) involved only a single
study and therefore could not be used for meta-analysis. The results
are summarised briefly below.
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Dose comparisons

Stevens 2008 assessed single versus divided dose ATG. There were
no differences in any reported outcomes. Abouna 1995 compared
ATG adjusted for the CD3 count with fixed dose ATG and again
there was no difference in outcomes. One very small study by Ata
2013 compared ATG with dose adjusted by CD3 count compared
to dose adjusted for total lymphocyte count and there was no
difference in outcomes. Grafals 2014 compared 'standard' dose ATG
(3.75 mg/kg total) with low dose ATG (2.25 mg/kg total) and found
no significant difference in outcomes. Another very small study by
Buchler 2013 compared a split of four versus two doses of ATG
(same total dose of 6 mg/kg) and found no difference in outcomes.

Two studies compared different OKT3 dose regimens: standard
versus low dose (Norman 1993a) and standard versus high dose
(Abramowicz 1994). There were no significant differences in either
of these small studies. Low versus high dose ALG was also assessed
in Sakhrani 1992 and seven days versus 14 days ALG was addressed
in Grundmann 1987. There were no differences in the low versus
high dose study. Treatment was frequently stopped early in the 14
day group but there were no other differences in outcomes. One
older study by Thomas 1977 comparing low potency ALG with high
potency ALG found increased acute rejection at three months (RR
4.14,95% Cl 1.55t0 11.00) and increased graft loss at 1 year (RR2.53,
95% CI 1.30 to 4.90) with the low potency ALG.

Table summarising single studies of different dose comparisons

Comparison [ Outcome RR 95% ClI 95% ClI

Study ID (num-

ber of partici- lower limit upper limit

pants)

rATG: single 6 mg/kg versus 4 x 1.5 mg/kg doses (same total dose)

Stevens 2008 Death at 6 months 0.34 0.01 8.27

(142)
Graft loss (all cause) at 6 months 0.21 0.01 421
Acute rejection 0.69 0.26 1.83
Delayed graft function 2.40 0.65 8.91
Malignancy/PTLD 0.21 0.01 4.21
BKV 0.15 0.01 2.79
Severe febrile reaction (anaphylaxis requiring ICU) 1.03 0.15 7.10
Serum sickness 0.21 0.01 4.21
NODAT 0.82 0.47 1.42

ATG: 2 x3 mg/kg versus 4 x 1.5 mg/kg doses (same total)

Buchler2013 (17) ** - - -

ATG: adjusted for CD3 count versus fixed dose of 15 mg/kg/d

Abouna 1995 (45) Death at 2 years 0.96 0.06 14.37
Graft loss (all cause) 2 years 0.72 0.18 2.85
Acute rejection 0.96 0.5 1.84
Leucopenia 0.36 0.11 1.18
Thrombocytopenia 0.14 0.01 2.51
Viral infection (all cause) 0.96 0.15 6.21
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Bacterial infection (all cause) 0.64 0.21 1.96

ATG: adjusted by CD3 count versus adjusted by total lymphocytes

Ata 2013 (21) *x - - -

ATG: standard (3.75 mg/kg total) versus low dose (2.25 mg/kg total)

Grafals 2014 (43)  Acute rejection at 1 year 0.57 0.12 2.81
Leucopenia 0.69 0.31 1.56
Severe infection 0.77 0.14 4.14
CMV infection 0.23 0.01 4.50
BKV infection 0.38 0.02 8.86
Death at 1 year 8.00 0.44 146.08
Delayed graft function 3.07 0.94 10.02
Malignancy at 1 year 2.30 0.23 23.51
PTLD at 1 year 0 events not estimable
Graft function at 1 year (SCr, umol/L) 6.00* 1.07 10.93

OKT3: standard dose (5 mg) versus low dose (2 mg)

Norman 1993a Death at 1 year 0 events not estimable

(26)
Graft loss at 1 year 3 0.13 67.51
Acute rejection 0.2 0.01 3.8
Delayed graft function 1.25 0.43 3.63
CMV 4 0.51 31.13
Herpes Simplex virus 0.5 0.05 4.86
Bacterial 0.86 0.4 1.86
Fungal 1 0.16 6.07
Malignancy 4.72 0.23 96.59

OKT3: standard dose (5 mg) versus high dose (10 mg)

Abramowicz Death at 3 months 0 events not estimable

1994 (29)
Graft loss at 3 months 4.69 0.24 89.88
Acute rejection to 3 months 0.47 0.1 2.16
Delayed graft function 0.93 0.34 2.54
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ALG: low versus high dose

Sakhrani 1992 Death at 1 year 0.89 0.41 1.97
(83)
Acute rejection 0.86 0.48 1.55
Leucopenia 0.5 0.18 141
Severe infection 1.05 0.52 2.11
ALG: 14 days versus 7 days
Grundmann 1987  Death 1 year 0 events not estimable
(100)
Graft loss (all cause) 1 year 0.29 0.06 1.31
Acute rejection 0.5 0.05 5.34
Delayed graft function 0.62 0.28 1.35
Pneumonia 3 0.13 71.92
Wound infection 0 events not estimable
Treatment stopped due to side effects 63 3.96 1002.01
Graft function at 1 year (SCr, umol/L) -35.4* -78.72 7.92
ALG: high versus low potency
Thomas 1977 Acute rejection at 3 months 4.14 1.55 11.00
(1)
Graft loss at 1 year 2.53 1.30 4.90

* MD and SD for continuous variables (not RR and 95% Cl).

** Results not converted to RR for extremely small studies with 10 or fewer
participants in each group.

Significant results shown in bold.

Other antibody preparations

Anti-CD2 rat monoclonal antibody was compared with no induction
treatment in Squifflet 1997. This small study (40 participants)
showed acute rejection was decreased by anti-CD2 (RR 0.42,95% Cl
0.181t0 0.96) but no difference in any other outcomes. Another small
study compared anti CD7 with OKT3 (Lazarovits 1993) and there
were no differences. Two studies assessed anti-LFA-1 monoclonal
antibody: one in comparison with no induction agent (Spillner
1998) and the other in comparison with ATG (Hourmant 1996).
Other than decreased fever with anti-LFA-1 compared to ATG,
differences were not significant in either of these studies. One
small pilot study (Ejaz 2013) comparing four different interventions
(ATG versus ATG + rituximab versus ATG + bortezomib versus

ATG + rituximab + bortezomib) did not show any significant
differences in outcomes other than an increase in new-onset
peripheral neuropathy in the bortezomib groups. There were only
10 participants in each group and follow-up only reported to one
year at the time of this review. One final study compared anti-
ICAM-1 monoclonal antibody with placebo (EARTS Study 1999) but
again there were no differences in outcomes.

Norrby 1997 compared two rabbit ATG preparations made by
different manufacturers. There was no difference for the only
reported outcomes of acute rejection and CMV infection. One small
(51 participants) study by Steinmuller 1991 compared OKT3 with
ALG but antibody therapy was only given for patients with delayed
graft function. For this reason it was considered separately from the
other studies comparing OKT3 and ALG. Side effects were reduced
with ALG compared to OKT3 (RR 0.41, 95% CI 0.24 to 0.72) but there
were no other significant differences in outcomes. Finally Toledo-
Pereyra 1985 compared ATG with ALG also showed no significant
differences in outcomes.

Table summarising single studies of other antibody preparations
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Comparison / Outcome RR 95% CI 95% CI
Study ID (num-

ber of partici- lower limit upper limit
pants)

Rabbit ATG Fresenius versus rabbit ATG Merieux

Norrby 1997 (90)  Acute rejection 0.87 0.63 1.20
CMV infection 0.56 0.29 1.07

ALG versus ATG

Toledo-Pereyra Death at 1 year 0.5 0.10 2.49

1985 (50)
Graft loss at 1 year 0.92 0.50 1.67
Acute rejection 0.95 0.73 1.24
Thrombocytopenia 1 0.15 6.55
Leucopenia 0.07 0 1.11
HSV infection 2 0.19 20.67

ALG vs OKT3 (given only if delayed graft functionpost-operatively)

Steinmuller 1991  Death at 6 months 0.48 0.05 4.98
(51)
Graft loss (all cause) at 6 months 0.96 0.27 3.43
Acute rejection 0.61 0.28 1.32
Side effects (any reported) 0.41 0.24 0.72
Any infection 0.89 0.51 1.55
CMV 0.89 0.51 1.55

Anti-CD7 versus OKT3

Lazarovits 1993 Death 5 years 1 0.07 13.87
(20)
Graft loss 5 years 0.11 0.01 1.83
Acute rejection 1.4 0.67 2.94
Serious infection 0.25 0.03 1.86

Anti-CD2 rat monoclonal antibody versus no induction

Squifflet 1997 Death at 6 months 0.2 0.01 3.92
(40)
Graft loss (death censored) at 6 months 0 events Not estimable
Acute rejection 0.42 0.18 0.96
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Delayed graft function 0.17 0.02 1.26
Bacterial infection 0.25 0.03 2.05
CmMvV 0.5 0.05 5.08
EB virus 3 0.13 69.52
Herpes Simplex virus 4 0.49 32.72
Other viral infection 0.33 0.01 7.72
Malignancy 3 0.13 69.52
Graft function at 6 months (SCr, pmol/L) 8* -20.99 36.99

Anti-LFA-1 monoclonal antibody versus no inductionl

Spillner 1998 (22)  Death at 1 year 3 0.14 66.53
Graft loss (all cause) at 1 year 1 0.17 5.89
Serious infection 1 0.07 14.05
CMV infection 1 0.17 5.89
Delayed graft function 1.5 0.31 73
Graft function at 1 year (SCr, umol/L) -17.6* -62.69 27.49

Anti-LFA-1 monoclonal antibody versus ATG

Hourmant 1996 Death at 1 year 4.72 0.23 95.86

(101)
Graft loss (death censored) at 1 year 0.39 0.08 1.93
Acute rejection 1.05 0.62 1.78
Delayed graft function 0.55 0.28 1.09
Any episode of infection 1.05 0.74 1.48
CMV disease 0.94 0.5 1.77
Treatment stopped due to side effects 0.24 0.03 2.04
Leucopenia 0.4 0.11 1.47
Thrombocytopenia 0.57 0.22 1.44
Fever (1st 10 days) 0.58 0.36 0.94

Anti-ICAM-1 monoclonal antibody versus placebo

EARTS Study Death at 1 year 1.71 0.7 4.22

1999 (266)
Graft loss at 1 year 1.4 0.76 2.59
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Acute rejection at 3 months 1.18 0.88 1.57
Acute rejection at 1 year 1.07 0.82 1.41
Primary non function 1.2 0.38 3.83
Delayed graft function 1.21 0.82 1.77
Any infection 1.13 0.98 1.3

Sepsis 1.3 0.59 2.86
Malignancy 0.5 0.05 5.45

ATG versus ATG + rituximab vs ATG + bortezomib versus ATG + rituximab + bortezomib

Ejaz 2013 (40) o

* MD and SD for continuous variables (not RR and 95% Cl).

** Results not converted to RR for extremely small studies with 10 or fewer
participants in each group

Significant results shown in bold.

1. Acute rejection was reported for anti-LFA 1 versus no induction but was
reported as total number of episodes rather than total number of patients with
any episode (results were 5 episodes with anti-LFA 1 versus 12 episodes with
no induction)

DISCUSSION

Summary of main results

Many antibody preparations are now available for induction
immunosuppression in kidney transplantation and we sought to
summarise the evidence in this review to help inform clinical
decision making and policy. Ourinclusion criteria were deliberately
broad resulting in 28 different pairwise comparisons and studies
spanning over many decades. This review provides the best
summary available of all RCTs (excluding IL2Ra) and highlights
several issues.

Firstly, the evidence basis for decision making is poorly informed
by studies in this area. The effects of polyclonal antibody induction
remain uncertain for many important outcomes including graft loss
and death. Many relevant, well recognised potential harms are
not reported frequently in RCTs and more well designed studies
reporting patient-centred outcomes (benefits and harms) are
required. Some effects of antibody induction could be quantified.

ATG reduced acute rejection rates by roughly one third when
compared to placebo or no treatment, at the cost of approximately
50% increase in the risk of CMV complications and an uncertain
impact on future malignancy risk. rATG reduces acute rejection
compared to hATG but data supporting this is weak as all events
were only reported in a single study. The only significant difference
seen in comparisons between alemtuzumab and ATG in steroid
avoidance studies was that alemtuzumab reduces rejection at one

year;in comparison alemtuzumab increased CMV infection but had
similar rejection rates when compared to no induction and triple
maintenance. NODAT was not reduced with alemtuzumab plus ESW
compared to triple maintenance. OKT3 decreases acute rejection
compared to placebo or no treatment but has been withdrawn
from clinical use due to a poor side effect profile. ALG prevented
acute rejection and led to better kidney function at one year post-
transplant compared with placebo or no treatment but increased
the rates of all viral infections.

See Summary of findings for the main comparison; Summary of
findings 2.

Overall completeness and applicability of evidence

A decision was made to include any co-intervention
immunosuppression regimens to ensure all relevant studies were
included. As a result, a large number of studies from the pre-CNI
era were included which may not be relevant to clinical practice
today. Where possible, results were separated into CNI or non-
CNI maintenance as combining these groups was not felt to be
clinically useful. As a result, there were multiple subgroups for
outcomes of death and graft loss for most comparisons as studies
frequently reported these outcomes at a variety of time points.
There were no benefits seen for improved patient or graft survival
with ATG despite decreased rejection rates when CNI and non-
CNI studies were separated. This lack of benefit may be due to
small numbers of studies in each subgroup. When CNI and non-
CNI studies were combined, a reduction in both all-cause graft loss
and death-censored graft loss was seen at one to two years post-
transplant. This benefit was not sustained however in the studies
that assessed longer term graft survival at five years. Results for
acute rejection were generally more robust as this was reported in
nearly all studies and time points were more standardised resulting
in larger subgroups and greater statistical power. New studies are
required to see if the absence of benefit is due to a lack of power
or whether there really is no effect of one antibody compared to
another antibody or placebo on patient and graft survival.

The main aim of using alemtuzumab has been to try to reduce
the doses of maintenance immunosuppression required to prevent
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rejection, especially steroids. It is hoped that this will reduce some
of the long term side effects of steroids, including NODAT. However,
NODAT was not reduced with alemtuzumab plus ESW compared
to ATG and triple maintenance or with alemtuzumab plus ESW
compared to triple maintenance alone. This may be partly due to
small numbers in these studies or may be due to the role of CNI,
especially tacrolimus also causing increased rates of NODAT. Other
steroid side effects have generally not been well reported in these
studies. In the absence of any data to confirm a reduction in side
effects, it is difficult to support the use of alemtuzumab and ESW
currently compared to another antibody with triple maintenance.

The applicability of the results of this meta-analysis to the general
transplant population may be limited by the individual studies.
The majority of studies included patient groups with mixed
immunological risk and a small number studied higher risk groups.
Benefits and harms of individual treatments generally seemed
homogenous across studies despite these apparent differences
in risk. Harms are frequently under-reported in clinical studies
compared to benefits and this review may therefore underestimate
some of the potential harms of treatments due to possible under-
reporting in the individual studies.

Quality of the evidence

Overall, the quality of the evidence was generally low to only
moderately good by GRADE criteria. Figure 2 shows the individual
biases for each study. The most common problem was potential
selection bias due to unclear methods of both randomisation and
allocation concealment. Only 20% to 27% of included studies were
low risk of bias for either random sequence generation or allocation
concealment (see Figure 3).

For the main comparison of ATG versus placebo, quality of evidence
according to GRADE criteria was moderate for outcomes of acute
rejection and CMV infection but low for all other outcomes. The
evidence for acute rejection and CMV was graded as moderate
rather than high as more than 50% of studies rated methods
of allocation concealment and/or random sequence generation
as ‘unclear’ or ‘high risk’ as a potential source of bias. For the
comparison of alemtuzumab plus ESW versus ATG with and without
ESW, the evidence for acute rejection was rated as moderate
quality but evidence for all other outcomes was either low or very
low quality by GRADE criteria. Again the main reason for acute
rejection evidence being graded as moderate rather than high
was a significant risk of selection bias due to poor reporting of
randomisation and allocation concealment.

Potential biases in the review process

The review was conducted with standard Cochrane methodology
and there were no changes from the original protocol.

Agreements and disagreements with other studies or
reviews

One study of registry data of transplant recipients in the US
also failed to show any improvement in all-cause graft survival
despite decreasing rates of acute rejection (Meier-Kriesche 2004).
More alarmingly, this study showed a trend towards worsening
death censored graft survival, despite more potent maintenance
immunosuppression. However, given these trends are taken
from registry data, it is hard to interpret what this really

means, especially with older and more co-morbid patients being
transplanted in recent years.

Many antibody therapies have now shown a reduction in acute
rejection but it remains uncertain as to whether this translates into
increased patient or graft survival for any of the antibodies in this
review. In comparison, there was a reduction in graft loss at one
year (but not after) for IL2Ra compared to placebo (24 studies,
4672 participants: RR 0.75, 95% Cl 0.62 to 0.90) in a systematic
review by Webster 2010. However, there was no difference for graft
loss when IL2Ra and ATG were compared in the same review and
clinically diagnosed acute rejection rates were also similar for IL2Ra
and ATG. However, ATG increased early malignancy at one year
compared to IL2Ra (7 studies, 1067 participants: RR 0.25, 95% ClI
0.07 to 0.87) but had no effect on malignancy at other time points
(Webster 2010). It is possible that malignancy is influenced more
by maintenance immunosuppression than induction agents given
it is a relatively late complication after transplantation. However,
under-reporting of late harms is common in RCTs and malignancy
rates may therefore be grossly underestimated in existing studies
of induction agents leading to insufficient power to determine true
cancer risk.

In steroid avoidance studies, alemtuzumab reduced acute rejection
compared to ATG when ESW was used in both arms. These
results would support using alemtuzumab over ATG in patients
deemed to be at particularly high risk of steroid side effects
and where maintenance with ESW is planned. Further studies
of alemtuzumab and ESW compared to no induction and triple
maintenance showed similar rates of acute rejection but an
increased risk of CMV infection with alemtuzumab. There was no
other difference in harms but this may need larger studies to show
potential benefits of alemtuzumab relating to steroid avoidance.
Reduction of maintenance immunosuppression certainly has
theoretical benefits, including reduction in antihypertensives,
antihyperlipidaemics, cholesterol, cataracts and NODAT requiring
treatment as well as possible reduction of late complications such
as malignancy. However, none of the studies to date have been long
enough duration or large enough to confirm any of these suggested
benefits.

AUTHORS' CONCLUSIONS

Implications for practice

Given a 45% acute rejection risk with no induction (assumed risk
from control group in Analysis 1.4), seven patients would need ATG
to prevent one from experiencing acute transplant rejection, while
one additional patient would experience CMV disease for every
12 patients treated with ATG. Where only studies including CNI
maintenance were assessed, the acute rejection rate was 37% with
no induction and six patients would need treatment with ATG to
prevent one person having acute rejection. In steroid withdrawal
studies, 11 patients would require alemtuzumab to prevent one
patient experiencing rejection given a 21% rejection risk with
ATG. Alemtuzumab treatment combined with steroid withdrawal
would cause one additional patient experiencing CMV disease
for every six patients treated when compared with no antibody
induction and triple maintenance, and without apparent benefits
to patient-centred outcomes. ATG and alemtuzumab decreased
acute rejection at a cost of increased CMV while patient-centred
outcomes including survival or side effects do not appear to be
improved.
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In kidney transplant recipients deemed to be at high risk of
rejection, the evidence remains unclear as to whether one
particular antibody preparation is better than any other at
preventing acute rejection. However, this review does suggest that
the perceived benefit of induction immunosuppression in reducing
acute rejection may not actually lead to any long-term benefits or
improvements in patient-centred outcomes.

Implications for research

Longer term follow-up is always a problem when assessing study
data. Although some of the studies in this review have reported
fairly long-term data, the numbers are generally too small to draw
conclusions. Longer term follow-up is needed to really establish
whether the benefit of reduced acute rejection with ATG has a
significantimpact on graft survival orindeed patient survival. In the
absence of this information, is it possible to say that decreasing
acute rejection is truly a benefit? Reducing the risk of acute
rejection becomes less important to an individual patient if this
fails to improve long-term graft or patient survival, especially if the
treatment causes potential severe side effects and other harms. We
need to find better ways of monitoring long-term harmful outcomes
such as malignancy in any future studies. This may require an
ongoing observational cohort study of patients once the initial RCT
phase of a study is completed. Another response to this issue is
follow up within established registries combined with core patient
outcome sets.

If ESW or steroid minimisation is planned in an individual patient,
the data in this review would support use of alemtuzumab over ATG
duetoareductioninacute rejection. Further studies with long-term
follow-up or ongoing follow-up of existing studies are needed to
show if there is sustained benefit to steroid reduction therapy and
indeed if the benefits outweigh risks of increased chronic rejection
and potential increased long-term graft loss.

When assessing outcomes in transplantation it is difficult to
separate the contribution of induction immunosuppression versus

maintenance immunosuppression. The appropriate question
for future studies may relate to maintenance rather than
induction immunosuppression. Increasing knowledge in the field
of transplant immunology has led to continual reassessment of
the Banff diagnostic criteria and a much greater understanding
of antibody-mediated rejection over recent years. Future studies
comparing different immunosuppression regimens need to assess
for not only differences in all cause rejection but also differences
in the different subgroups of rejection. Ideally study designs
should also include some measure of adherence to maintenance
immunosuppression as this is particularly relevant for antibody-
mediated rejection in the presence of de novo donor-specific
antibodies. Adherence can be difficult to measure and is generally
poorly reported or not measured at all in studies. However, this may
be the area that really needs to be studied if we want to increase
long term patient and graft survival in kidney transplantation.
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