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Abstract
Background

Anti-IL-2 antibody (basiliximab or daclizumab) and anti-thymocyte globulin (ATG)/antilymphocyte
globulin (ALG) are widely used as induction agents in pediatric kidney transplantation. However, which of
them bene�ts patients more remains unknown.

Methods

Online databases were searched to identify controlled clinical studies that compared anti-IL-2 with
ATG/ALG for induction therapy in pediatric kidney transplantation. Odds ratios (OR) and 95% con�dence
interval (CI) were chosen to compare the gathered data. Review Manager 5.4 was applied to identify
differences in outcomes between the two agents.

Results

Five retrospective cohort studies were included, enrolling a total of 2510 pediatric patients, 1152 (45.7%)
of whom had received ATG/ALG therapy and 1370 (54.3%) of whom received anti-IL-2. According to the
pooled results, no differences were seen between anti-IL-2 and ATG/ALG regarding the delayed graft
function (DGF) rate (odds ratio (OR) 1.1; 95% con�dence interval (CI) 0.36–3.39; P = 0.85), 6-month acute
rejection rate (OR 0.80; 95% CI 0.62–1.03; P = 0.09), 1-year acute rejection rate (OR 0.98; 95% CI 0.78–
1.24; P = 0.88), 1-year graft survival rate (OR 1.37; 95% CI 0.91–2.06; P = 0.13), 1-year patient survival rate
(OR 0.86; 95% CI 0.40–1.86; P = 0.70) and 1-year post-transplantation lymphoproliferative disorder
(PTLD) rate (OR 0.30; 95% CI 0.03–3.16; P = 0.32).

Conclusions

Anti-IL-2 have the same e�cacy and safety as ATG/ALG in transplant induction therapy. However, as
most of included studies were small-scale retrospective studies, further studies are needed to identify an
optimal choice with certain.

The analysis had been registered in PROSPERO and the registration ID is CRD42021237561.

Comparison of induction therapy with anti-thymocyte/antilymphocyte globulin or anti-IL-2 receptor
antibody in pediatric kidney transplantation: a systematic review and meta-analysis

Introduction:
Kidney allograft transplantation is currently the optimal option for children with end-stage renal disease
to preserve their growing potential[1, 2]. However, several complications may follow, including rejection,
infection and neoplasm, which can contribute to graft loss. In addition to the transplantation operation
itself, perioperative immunosuppressive therapy also plays an important role in impacting prognosis. It
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usually starts at the moment of transplantation, with induction regimens that aim at preventing acute
rejection[3]. There are several inductive agents, either T cell nondepleting (anti-IL-2R antibody, namely,
daclizumab and basiliximab) or depleting (thymoglobulin and alemtuzumab) agents. Thymoglobulin,
listed in the earliest immunosuppressive protocols, was clinically effective but lacked
immunosuppressive speci�city[4]. By contrast, basiliximab and daclizumab are chimeric and humanized
IL-2Rα inhibitors, respectively[5]. Though the North American Pediatric Renal Transplant Cooperative
Study suggests that the induction of ATG leads to less acute rejection and more graft survival than does
no induction[6], it is considered to increase the risk of infection and PTLD in pediatric kidney allografts [1,
7]. As a result, trends in induction therapy have shifted away to anti-IL-2R antibodies, which are thought to
have lower immunosuppressive burden and better tolerability in clinical practice[1, 8, 9]. However,
consensus regarding which agent bene�ts pediatric patients has not yet been reached. Although a few
clinical studies have compared them in pediatric kidney transplantation, their results are varied.
Therefore, we conducted a meta-analysis, gathered the relevant results and hoped to reach a
comprehensive answer. The analysis had been registered in PROSPERO and the registration ID is
CRD42021237561.

Methods:
Search Strategy

In July 2020, Medline (PubMed), Embase, Web of Science, clinicaltrials.gov, and the Cochrane Central
Register of Controlled Trials were searched for studies between 2000 and 2020 comparing anti-IL-2R
antibodies (basiliximab or daclizumab) with ATG/ALG in pediatric kidney transplantation. The search
terms of Medline were set as follows: “(((interleukin 2 receptor antibody[All Fields]) OR (anti-CD25[All
Fields]) OR (basiliximab[MeSH Terms]) OR (daclizumab[MeSH Terms])) AND ((Antilymphocyte
Serum[MeSH Terms]) OR rATG[All Fields]) AND (kidney transplantation[MeSH Terms]) AND (child[Mesh
Terms] OR pediatric[All Fields]))”; those of Embase were as follows: ” ('basiliximab'/exp OR
'daclizumab'/exp OR 'interleukin 2 receptor alpha'/exp) AND ('thymocyte antibody'/exp) AND ('kidney
transplantation'/exp) AND ('child'/exp OR 'adolescent'/exp OR 'pediatric surgery'/exp)”. In other
databases, the search terms were as follows: ‘Kidney Transplantation’ AND ‘Antilymphocyte Serum’,
‘Daclizumab’, ‘Basiliximab’, ‘Adolescent’, ‘child’. The searched was not limited to English, though none of
the studies in other languages was included. Reference lists from all available reviews were searched
manually.

Inclusion and exclusion criteria

The included studies needed to meet the following criteria: (1) enrollment of patients younger than 21
years old (children and adolescents); (2) controlled studies comparing either basiliximab or daclizumab
versus ATG for induction therapy in kidney transplantation; (3) follow-up time ≥ 12 months; and (4)
assessment of at least 1 of the following outcomes: delayed graft function rate, 1-year acute rejection
rate, 1-year graft survival rate, 1-year patient survival rate, and the rate of PTLD. The exclusion criteria
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were as follows: (1) multiorgan, combined organ transplantation; and (2) mixed-aged studies without
speci�c groups for those younger than 21 years old.

Data Extraction

One investigator reviewed the titles and abstracts of available articles. The articles reaching the inclusion
criteria were retrieved for full-text assessment. The following data were extracted: �rst author, country of
author, year of publication, interventions, dosage of drugs, number of participants and outcome
measures. In the studies that included a third group other than anti-IL-2R antibodies or ATG/ALG, only
data of the 2 groups were extracted[9-11].

Statistical Analysis

The data analysis was performed using the statistical software Review Manager Version 5.4 (The
Cochrane Collaboration, Oxford, United Kingdom)(RRID:SCR_003581).

All of the included data were dichotomous variables. The compared outcomes are presented using odds
ratios (ORs). The OR value was considered statistically signi�cant if P<0.05 and the 95% con�dence
interval (CI) did not include the value one.

The quality of the studies was evaluated using the Newcastle-Ottawa Scale[12]. A study can be awarded
a maximum of one star for each numbered item within the selection and outcome categories. A
maximum of two stars can be given for comparability. Studies scoring more than �ve stars were
considered to be of high quality.

Heterogeneity was evaluated using the chi-square test. The P value and  value was used to evaluate
statistical heterogeneity. If the  value is <50% and the P value is ≥0.1, it is considered to have
nonsigni�cant heterogeneity. If the  value is ≥50% and the P value is <0.1, the data would be thought to
have signi�cant heterogeneity. As the studies varies in investigators, time and locations, a random-effects
model was used for all the studies. As only 6 studies were included, publication bias was not assessed.

Results:
Description of the studies

In total, 462 articles were generated by using the search strategy above. After the titles and abstracts were
scanned, 9 articles were obtained for full-text assessment. Three of them were excluded due to the
absence of grouped comparisons. Ultimately, 6 articles enrolling 2522 patients were included[9-11, 13-15].
Among the patients, 1152 (45.7%) had received ATG/ALG therapy, and 1370 (54.3%) had received anti-IL-
2R antibodies. The process of study selection is presented in Figure 1. The main features of included
study are shown in Table 1. The summary of the outcomes is shown in Table 2.

Meta-analysis of anti-IL-2R antibody versus ATG/ALG group
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Delayed graft function rate

Five studies reported the rate of DGF. The pooled results revealed no signi�cant differences between the
two groups, with a pooled OR value of 1.1 (95% CI 0.36–3.39; P = 0.07). As the chi-square test suggested
the existence of heterogeneity ( = 8.76, p = 0.07,  =54%), following sensitivity analysis was conducted. We
found that the only prospective study in our analysis was the source of heterogeneity, which showed a
reduction in the DGF rate in the ATG group[15]. This outcome is shown in Figure 2(a).

6-month acute rejection rate

Five studies reported the rate of 6-month acute rejection, involving 1365 patients inducted with anti-IL-2R
antibodies and 1147 with ALG/ATG. No signi�cant heterogeneity was identi�ed among them ( = 4.61, p =
0.20, =35%). Three of them found a superior result in the anti-IL-2R group, but none reported any
statistical signi�cance. The combined 6-month acute rejection rate was 10.3% in the anti-IL-2R antibody
group and 12.7% in the ATG/ALG group (none of signi�cance), with a pooled OR value of 0.80 (95% CI
0.62 -1.03; P = 0.09). This outcome is presented in Figure 2(b).

1-year acute rejection rate

Four studies reported the rate for the 1-year acute rejection rate, with only 1 study reporting better
outcomes for anti-IL-2R than for ATG/ALG. No signi�cant heterogeneity was found ( = 2.22, p =
0.33,  =10%). None of the single studies showed a signi�cant difference, and the combined incidence was
13.5% using anti-IL-2R and 13.7% using ATG/ALG, indicating no signi�cance. The pooled OR value was
0.98 (95% CI 0.78–1.24; P = 0.88). This outcome is shown in Figure 2(c).

1-year graft survival rate

Six studies reported the rate of 1-year graft survival, enrolling 1370 recipients using anti-IL-2R and 1152
using ATG/ALG. None of the studies reported signi�cant differences between the two groups. None of the
signi�cant heterogeneity was identi�ed ( = 2.45, p = 0.78,  =0%). The pooled 1-year graft survival rate was
96.8% in the anti-IL-2R group and 95.6% in the ATG/ALG group (none of signi�cance), with a pooled OR
value of 1.37 (95% CI 0.91–2.06; P = 0.78). This outcome is shown in Figure 2(d).

1-year patient survival rate

Six studies, with 1370 patients in the anti-IL-2R antibody group and 1152 in the ATG/ALG group, reported
a 1-year patient survival rate. None of the signi�cant heterogeneity was identi�ed ( = 0.46, p = 0.79,  =0%).
None of the studies reported signi�cant differences between the two groups. The combined 1-year patient
survival rate of both groups was 99%. The pooled OR value was 0.86 (95% CI 0.40–1.86; P = 0.70). This
outcome is shown in Figure 2(e).

1-year PTLD rate
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Four studies reported the rate of PTLD, including 99 patients in the anti-IL-2R antibody group and 86 in
the ATG/ALG group. There was no signi�cant heterogeneity identi�ed among the 4 studies ( = 0.01, p =
0.94,  =0%). Only 2 studies reported cases of PTLD, both in the ATG/ALG group. However, no signi�cant
difference was identi�ed. The pooled OR value was 0.30 (95% CI 0.03–3.16; P = 0.32). This outcome is
shown in Figure 2(f).

Discussion:
According to The Scienti�c Registry of Transplant Recipients (SRTR), the overall 5-year patient survival of
pediatric kidney transplantation was promising 98.4% in USA[16]. The use of inductive therapy has
signi�cantly contributed to this outcome. In 2018, it had been applied in approximately 98.7% of the
recipients [16]. Though traditionally favored, ATG as induction is capable of interfering with multiple
immune effector cells and inducing various biological effects[17]. It is associated with cytokine release
syndrome, thrombocytopenia, lymphopenia and other conditions [17]. Compared with ATG, IL-2R
antibodies, with a low prevalence of side effects, tend to be increasingly recommended for low or average
immunologic risk patients[17–19]. However, in the USA transplant centers, T-cell depleting agents
(including ATG/ALG and alemtuzumab) were preferred regardless of immunologic risk judged by
calculated penal reactive antibody [16, 20]. According to SRTR, use of T-cell depleting agents had reached
63.6%, and IL-2R antibodies remained at 35.1% by 2018[16]. ATG was the most widely used of T-cell
depleting agents[21, 22]. However it was commonly used, the consensus on which agent is more
bene�cial has not yet been reached[8, 22]. Therefore, we performed this meta-analysis to explore whether
anti-IL-2R antibodies or ATG/ALG can lead to better clinical outcomes.

Acute rejection is a strong risk factor for graft loss and is considered one of the major indicators in the
relevant literature [1, 8]. ATG and anti-IL-2R antibodies were both proven to be protective from it, but which
is optimal is uncertain[23–26]. In our study, we did not �nd a signi�cant difference between them in
preventing 6-month or 1-year acute rejection. This �nding was also in line with most studies in adults
[27–29]. DGF is another problem de�ned as the requirement for dialysis within 1 week after allograft[30].
Although many patients can recover within a few days, it may increase the complexity of care and make
the diagnosis of acute rejection di�cult [31]. In our study, pooled outcomes, including 4 retrospective
studies and 1 small-sample-size prospective study, suggested that ATG/ALG and anti-IL-2R antibodies
share the same e�cacy. However, with signi�cant heterogeneity, this outcome is not robust enough. If we
exclude the single prospective study, the heterogeneity would disappear, and anti-IL-2R antibodies would
manifest signi�cantly better outcomes than the ATG/ALG group. In fact, DGF has complex causes,
including ischemic reperfusion injury and systemic in�ammatory response syndrome[15]. Its strong risk
factors, including donor qualities and donor cause of death, were not addressed in the existing
retrospective studies[31]. In contrast, the single prospective study kept the donor type, donor age, cold
ischemic time and other suspected risk factors strictly controlled. Although this study, suggesting a lower
ratio of DGF in the ATG/ALG group, may offer some references, its extremely small sample size and non-
randomized design poses a question regarding its validity. In fact, large-scale randomized controlled trials
(RCTs) comparing ATG and basiliximab have already been conducted in adults and tended to deny the
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signi�cant difference in the DGF rate between them[27]. Large-scale RCTs in children are desired.
Although many trials have been conducted in adults, pediatric populations speci�cally are rarely
examined, making it di�cult to explore speci�c complications. For example, recipients aged under 10 are
more likely to suffer from PTLD, a more serious and life-threatening complication than others[32].
Although ATG/ALG was widely believed to be associated with an increased incidence of PTLD and all
cases in our study occurred in the ATG/ALG group, a signi�cant difference was not observed[7]. However,
due to the small sample size of the included studies, more supportive evidence is needed. The
insu�ciency of follow-up time also made our conclusion suspicious, as PTLD may occur within a long
period after operation.

Our analysis has some limitations. First, the infection rate is an important indicator and a strong risk
factor for graft loss but was excluded from our analysis due to unavailable data. Second, data on long-
term survival are lacking, although it may be one of the key concerns of clinical doctors. We hope that
studies with longer follow-up time will be conducted on children. Third, our analysis was seriously limited
by the small sample size or the retrospective study design of the enrolled studies. Collectively, most
studies focusing on pediatric renal transplantation share the same weakness, that is, retrospective single-
center studies with small sample sizes [33]. 5 out of 6 studies included were carried out in North
American, which limited the reference value of our studies[9–11, 13, 15]. In retrospective studies, it is
di�cult to keep some suspected factors, such as race, dosage and maintenance therapy in control, which
may exert an important in�uence on the outcome[9, 18, 34]. Some of the retrospective studies used
multiple regression model [10] or kept most of the baseline characteristics matched at the beginning[9,
14] for compensation, but others had not[11, 13]. The only non-RCT in our study was also limited by its
small sample size of 12 patients[11]. Last but not the least, there exists a signi�cant bias in our study
that ATG was typically reserved for immunologically higher-risk patients in practice[16, 33, 34]. Therefore,
there may be higher-risk recipients bene�ting from a depleting antibody and lower-risk recipients that do
not need a depleting antibody. With the lack essential immunological risk data of each study, the result
needs to be treated with caution.

In conclusion, anti-IL-2R shares equivalent short-term e�cacy and safety with ATG/ALG according to
available data. Though di�cult to start, prospective, large-scale clinical controlled trials are needed to
persuasively elucidate which is the optimal choice for pediatric recipients.
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Due to technical limitations, table 1, 2 is only available as a download in the Supplemental Files section.
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Figure 1

The �ow diagram of the search process
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Figure 2

The outcomes were shown as forest plots. (a)1-year DGF comparison. (b) 6-month acute rejection
comparison. (c)1-year acute rejection comparison. (d) 1-year graft survival comparison. (e) 1-year patient
survival comparison. (f) 1-year PTLD comparison.
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