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Background: Graft survival rate of kidney transplantation recipients improves after induction therapy. However, there is no 

conclusive evidence on which regimen is superior for deceased donor kidney transplantation (DDKT). This study aims at 

discussing effective induction therapy in DDKT.

Methods: Between 2003 and 2016, 395 DDKT recipients were divided into three groups following induction therapy. Recipients 

of the basiliximab group (n=184) received basiliximab (20 mg/kg) on days 0 and 4. Recipients of the low-dose rabbit anti-thy-

mocyte globulin (rATG) group (n=113) received rATG (1.5 mg/kg) on days 0, 1, and 2, while those of the high-dose rATG 

group (n=98) received it for more than 4 days. We retrospectively reviewed and analyzed the clinical outcomes and adverse 

effects of induction therapy.

Results: Compared to other groups, the low-dose rATG group donors were older (P＜0.001); rATG group donors had higher 

serum creatinine levels (P＜0.001), and the basiliximab group showed a lower delayed graft function rate (P=0.004). In 

graft failure, the low-dose rATG group did not differ significantly from the basiliximab group (P=0.080), but was significantly 

different from the high-dose rATG group (P=0.004).

Conclusions: The low-dose rATG group had the best graft survival rate, although it had older donors and higher serum creatinine 

levels. Therefore, low-dose rATG may be considered an effective induction therapy in DDKT.
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INTRODUCTION

In recent years, short- and long-term graft survival 

rates have improved for recipients of kidneys from both 

living and deceased donors [1,2]. Development of in-

duction therapy played a significant role in this improve-

ment, typically rabbit anti-thymocyte globulin (rATG) 

and basiliximab. 

Because rATG targets multiple surface antigens on 

T-cells, its consumption of T-cells is more effective, as 

are other effects on NK cells and B-cells [3,4]. 

Basiliximab is a monoclonal antibody for the interleukin-2 

receptor that can effectively inhibit T-cell proliferation 

and activation mediated by interleukin-2 [5]. Both have 

been shown to reduce the incidence of acute rejection 

(AR) and delayed graft function (DGF) after renal trans-

plantation [6-8]. These two outcomes are important be-

cause in the posttransplantation period, AR significantly 

reduces long-term graft survival [9], and DGF may in-

crease the incidence of AR, having negative effects on 

long-term graft and patient survival [10,11].

Compared with basiliximab, rATG is effective at low-

ering AR and DGF rates, but studies have shown that the 
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HIGHLIGHTS

∙ Induction therapy played a signifincant role in kidney 

transplantation improvement.

∙ Acute rejection and delayed graft functions are related 

to graft and recipent survival.

∙ Compared with basiliximab, rabbit anti-thymocyte 

globulin (rATG) is effective at lowering acute re-

jection and delayed graft function rates.

∙ Low-dose rATG may be considered an effective in-

duction therapy in deceased donor kidney transp-

lantation.

incidence of infection and malignancy is significantly 

higher in patients receiving rATG [12]. As a result, 

rATG and basiliximab have been actively studied, and 

both rATG dose and basiliximab efficacy are the subject 

of considerable controversy. Additionally, few studies on 

low-dose rATG have been published. The purpose of this 

study is to discuss effective induction treatment strat-

egies through a multidisciplinary analysis of high-dose 

rATG, low-dose rATG, and basiliximab treatments in 

deceased donor kidney transplantation (DDKT) at Samsung 

Medical Center, Korea, from 2003–2016.

METHODS

Study Design

This retrospective, single-center study analyzed Samsung 

Medical Center’s electronic medical records and kidney 

transplantation database. We screened 542 recipients 

who underwent DDKT between June 2003 and April 

2006. We excluded 66 recipients who underwent kidney 

retransplantation, 26 who underwent multiorgan trans-

plantation, and 22 pediatric recipients. In induction ther-

apy, four no-induction recipients, 21 added rituximab 

recipients, and eight alemtuzumab recipients were excluded. 

The remaining 395 recipients were divided into three 

groups. Group 1 (n=184) received basiliximab, group 2 

(n=98) received high-dose rATG, and group 3 (n=113) 

received low-dose rATG. This study protocol was re-

viewed and approved by the Institutional Review Board 

of Samsung Medical Center, Sungkyunkwan University 

School of Medicine (IRB No. SMC2019-05-057).

Induction Therapy

For their induction-immunosuppressive agents, recipi-

ents in group 1 received an interleukin-2 receptor antag-

onist induction (Basiliximab, Novartis Pharmaceuticals, 

Basel, Switzerland; 20 mg/kg, two doses on days 0 and 

4), recipients in group 3 received rATG (Genzyme, 

Cambridge, MA, USA; 1.5 mg/kg, three doses on days 

0, 1, and 2), and those in group 2 received rATG for 

more than 4 days. Standard criteria donor recipients re-

ceived basiliximab, and expanded criteria donor recipi-

ents received rATG. Before 2007, most recipients be-

longed to group 2, contrary to post 2007 when most be-

longed to group 3.

Maintenance Therapy

When oral intake was possible, all recipients were ini-

tiated on tacrolimus (Prograf, Astellas Pharma US, 

Deerfield, IL, USA; 0.1 mg/kg/day with a target trough 

level of 8–10 ng/mL until 1 month after surgery and then 

at 5–8 ng/mL) and mycophenolate (CellCept, Roche 

Laboratories, Nutley, NJ, USA; 750 mg twice daily) at 

the time of admission. All recipients were given 500 mg 

of intravenous methylprednisolone during the operation 

until postoperative day 2, followed by a tapered dose of 

60 mg per day for 5 days and prednisolone 8 mg, twice 

per day, for a month (starting on postoperative day 8). 

Then, recipients received 4 mg of methylprednisolone 

twice daily for 2 months.

Infection Prophylaxis and Monitoring

All recipients received itraconazole and Bactrim for pro-

phylaxis against fungi and Pneumocystis jirovecii. 

Cefotaxime was used for bacterial prophylaxis until post-

operative day 2. Cytomegalovirus (CMV) antigenemia 

test was started in March 1997 and the BKV PCR test 

was started in October 2007 in our center. When a donor 

was positive for CMV immunoglobulin G but the recipient 

was negative, the recipient was intravenously administered 

ganciclovir for 2 weeks while in the hospital and then 

valganciclovir for 10 weeks for insurance coverage. In 

the rATG groups, ganciclovir was administered as a CMV 

prophylaxis for 2 weeks. Otherwise, we followed a pre-

emptive treatment strategy. CMV infection was moni-
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Table 1. Recipient and donor characteristics

Variable
Group 1 

(basiliximab, n=184)

Group 2 

(high rATG, n=98)

Group 3 

(low rATG, n=113)
P-value

a)

Recipient 

  Age (yr)  45.5 (21–72)   45 (24–65)   56 (21–80) ＜0.001b,c)

  Sex (male:female) 109:75 58:40 71:42   0.824

  BMI (kg/m2)  22.9 (15.8–36.6)  22.6 (16.4–35.2)  23.4 (15.1–33.1)   0.083

  DM   35 (19.0)   16 (16.3)   33 (29.2)   0.049b,c)

  HLA class I MM    2 (0–4)    3 (0–4)    3 (0–4)   0.019d)

  HLA class II MM    1 (0–2)    1 (0–2)    1 (0–2)   0.007d)

  RRT period (day) 2,069 (0–8,600) 2,049 (0–5,909) 2,067 (0–7,516)   0.965

  Cause of ESRD 

    DM   30 (16.3)   15 (15.3)   31 (27.4)

    GN   43 (23.4)   25 (25.5)   26 (23.01)

    HTN   32 (17.4)   13 (13.3)   12 (10.6)

    PCKD    8 (4.4)    3 (3.1)    5 (4.4)

    Other    9 (4.9)    2 (2.0)    8 (7.1)

    Unknown   11 (31.4)    7 (25.9)   16 (25.0)

  PRA ＞50%    8 (4.5)    6 (6.5)   10 (9.2)   0.268

  Preformed DSA    5 (2.8)    2 (2.2)    6 (5.5)   0.442

Donor 

  Age (yr)   46 (1–75)   44 (7–74)   54 (14–83) ＜0.001b,c)

  Sex (male:female) 128:56 62:36 67:46   0.172

  Cr (mg/dL)   1.1 (0.36–3.9) 1.8 (0.47–7.44)   1.8 (0.26–6.48) ＜0.001b,d)

  DMe)   10 (5.6)   10 (10.4)   22 (20.2) ＜0.001b)

  HTNf)   38 (21.5)   24 (25)   36 (33.0) ＜0.033b)

  Cause of death 

    CVA   91 (49.5)   51 (52.0)   55 (48.7)

    Trauma   53 (25.8)   32 (32.7)   18 (15.9)

    Hypoxic brain damage   31 (16.8)    7 (7.1)   39 (34.5)

    Unknown    9 (4.9)    8 (8.2)    1 (0.9)

Values are presented as median (range) or number (%). 

rATG, rabbit anti-thymocyte globulin; BMI, body mass index; DM, diabetes mellitus; HLA, human leukocyte antigen; MM, mismatch;

RRT, renal replacement therapy; ESRD, end-stage renal disease; GN, glomerulonephritis; HTN, hypertension; PCKD, polycystic kidney

disease; PRA, panel reactive antibody; DSA, donor-specific antibody; Cr, creatinine; CVA, cerebrovascular accident.
a)P-value was calculated by Fisher's exact test for categorical variables and Kruskaltest for continuous variables. Post-hoc analyses were

also performed. Pairwise comparisons between groups were performed with Fisher’s exact test for categorical variables and Wilcoxon 

rank-sum test for continuous variables; 
b)Group 1 and group 3 showed a significant difference; c)Group 2 and group 3 showed a significant

difference; d)Group 1 and group 2 showed a significant difference; e)Donor DM data were collected from 383 patients; f)Donor HTN 

data were collected from 382 patients.

tored weekly in the first postoperative month and month-

ly thereafter via the CMV antigenemia test. When pa-

tients had a viral count above 50/400,000 white blood 

cells or had confirmed tissue-invasive CMV disease, in-

travenous ganciclovir was used as preemptive therapy. 

Polyomavirus BK virus (BKV) infection was monitored 

weekly in the first postoperative month, and then month-

ly via urine cytology or BKV DNA detection using the 

polymerase chain reaction. If urine BK virus DNA was 

＞10
7 copies/mL, blood BKV DNA load was assessed 

regularly. If the blood BKV DNA load was ＞10
4 cop-

ies/mL with serum creatinine (Cr) elevation, we per-

formed allograft biopsy. If BKV replication disappeared 

from the blood, urine BKV DNA level was used for fol-

low-up [13].

End Points 

The primary end points were rates of graft failure, pa-
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Table 2. Graft function outcomes after kidney transplantation

Variable
Overall 

(n=395)

Group 1

(basiliximab, n=184)

Group 2

(high rATG, n=98)

Group 3

(low rATG, n=113)
P-value

a)

DGF  44 (11.1) 3 (1.6) 17 (17.3) 24 (21.2) 0.004b,c)

Acute rejection 135 (34.2) 73 (39.7) 24 (24.5) 38 (33.6) 0.148

Graft failure  55 (13.9) 23 (12.5) 27 (27.6) 5 (4.4) 0.007
b,d)

Recipient death  35 (8.9) 14 (7.6) 10 (10.2) 11 (9.7) 0.770

De novo DSAe)  15 (6.2) 7 (6.4) 1 (3.0) 7 (7.1) 0.802

Post-transplant serum Cr (mg/dL)

  1 yr 1.40±0.56 1.32±0.66 1.43±0.44 1.51±0.43

  2 yr 1.31±0.58 1.28±0.72 1.34±0.44 1.34±0.38

  3 yr 1.35±0.55 1.31±0.56 1.34±0.47 1.43±0.58 

  5 yr 1.41±0.83 1.34±0.64 1.50±1.11 1.43±0.63

Posttransplant eGFR (mL/min/1.73m
2)

  1 yr 57.2±17.1 62.1±18.1 55.6±15.3 50.2±13.7

  2 yr 62.1±18.2 65.2±18.3 61.0±19.5 57.5±16.1  

  3 yr 61.4±24.6 64.3±28.8 61.6±19.3 55.9±18.9

  5 yr 60.5±20.1 61.7±19.0 60.1±22.0 56.4±19.6

Values are presented as number (%) or mean±standard deviation. 

rATG, rabbit anti-thymocyte globulin; DGF, delayed graft function; DSA, donor-specific antibody; Cr, creatinine; eGFR, estimated 

glomerulus filtration rate. 
a)P-value was calculated by Cox proportional-hazards regression analysis for graft failure, patient loss, and acute rejection. Logistic regression

analysis was used for DGF and de novo DSA. Kruskal-Wallis test was applied for posttransplant eGFR and serum Cr; b)Group 1 and 

group 2 showed a significant difference; c)Group 1 and group 3 showed a significant difference; d)Group 2 and group 3 showed a significant

difference; 
e)
De novo DSA data were collected from 241 recipients.

tient survival, AR, and DGF. DGF refers to the acute 

kidney injury that occurs in the first week of kidney 

transplantation, which necessitates dialysis. AR is de-

fined according to the Banff classification and is de-

termined by a pathologist. Acute cellular rejection and 

antibody mediated rejection can be classified by histo-

logical examination, but in this study, they didn't need 

to be distinguished. The secondary end points were CMV 

infection, BKV infection, and other infections. Graft 

function represented by serum Cr level and the estimated 

glomerulus filtration rate (eGFR) of the three groups 

were also compared.

Statistical Analysis 

Differences among the three groups were analyzed using 

Fisher’s exact test for categorical variables and Kruskal- 

Wallis test for continuous variables. Post-hoc analyses 

were also performed. Pairwise comparisons between 

groups were performed using Fisher's exact test for cat-

egorical variables and a Wilcoxon rank-sum test for con-

tinuous variables. Graft and patient survival rates were 

obtained by Kaplan-Meier analysis. Risk-factor analysis 

was performed by Cox proportional-hazards regression 

analysis and logistic regression analysis. Variables with 

a P-value ＜0.1 in the univariate analysis were included 

in the multivariable analysis. The generalized estimating 

equation was applied to analyze repeated measurements 

for serum Cr and eGFR levels. Statistical analysis was 

executed using SAS ver. 9.4 (SAS Institute Inc., Cary, 

NC, USA).

RESULTS

Recipient and Donor Characteristics

Recipient and donor characteristics are summarized in 

Table 1. The median recipient age and recipient diabetes 

mellitus proportion of group 3 were 56 years and 29.2%, 

respectively; the highest values among groups (P＜0.001 

and P=0.049, respectively). Human leukocyte antigen 

(HLA) class 1 and 2 mismatches were significantly dif-



122   

Korean J TransplantㆍDecember 2019ㆍVolume 33ㆍIssue 4

Fig. 1. Graft survival and recipient survival curves. Comparison of graft survival (A) and recipient survival (B) post kidney transplantation 

between the three groups. ATG, anti-thymocyte globulin.

Fig. 2. Graft function post kidney transplantation. Comparison of the post-transplantation serum Cr levels (A) and eGFR (B) of the three

groups. Cr, creatinine; eGFR, estimated glomerulus filtration rate; ATG, anti-thymocyte globulin.

ferent among the three groups (P=0.019 and P=0.007, 

respectively), with group 2 mismatches significantly 

higher than those of group 1 (P=0.012 and P=0.003, 

respectively). There was no significant difference in the 

other comparisons. The median age of donors in group 

3 was 54 years, which was significantly higher than that 

of the other two groups (P＜0.001). Group 2 and 3 se-

rum Cr levels were 1.8 and 1.78 mg/dL, respectively, 

which were significantly higher than that of group 1 (1.1 

mg/dL; P＜0.001 and P＜0.001, respectively).
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Table 3. Infectious outcomes after kidney transplantation

Variable
Overall 

(n=395)

Group 1

(basiliximab, n=184)

Group 2

(high rATG, n=98)

Group 3

(low rATG, n=113)
P-value

a)

CMV infection 278 (70.4) 109 (59.2) 69 (70.4) 100 (88.5) ＜0.001b,c)

  Within 1 yr 259 (65.6)  94 (51.1) 66 (67.3)  99 (87.6) ＜0.001b,c,d)

CMV ≥50/400K  89 (22.5)  21 (11.4) 31 (31.6)  37 (32.7) ＜0.001b,d)

  Within 1 yr  88 (22.3)  20 (10.9) 31 (31.6)  37 (32.7) ＜0.001b,d)

BKV viruria
e)

133 (42.8)  57 (41.0) 24 (40.7)  52 (46.0)   0.435

  Within 1 yr
e) 124 (39.9)  57 (41.0) 19 (32.2)  48 (42.5)   0.860

BKV viremia
e)

 76 (20.3)  29 (20.9) 21 (35.6)  26 (23.0)   0.622

  Within 1 yr
e)  71 (18.7)  28 (20.1) 19 (32.2)  24 (21.2)   0.771

Viral pneumonia   5 (1.3)   0  0   5 (4.4) -

  Within 1 yr   3 (0.8)   0  0   3 (2.7) -

Bacterial infection 130 (32.9)  59 (32.1) 31 (31.6)  40 (35.4)   0.987

  Within 1 yr  49 (12.4)  19 (10.3) 11 (11.2)  19 (16.8)   0.859

Fungal infection  11 (2.8)   1 (0.5)  1 (1.0)   9 (8.0)   0.196

  Within 1 yr   6 (1.5)   1 (0.5)  0   5 (4.4) -

PJP   5 (1.3)   1 (0.5)  3 (3.1)   1 (0.9) -

  Within 1 yr   2 (0.5)   0  1 (1.0)   1 (0.9) -

TB   7 (1.8)   6 (3.3)  0   1 (0.9) -

  Within 1 yr   5 (1.3)   4 (2.2)  0   1 (0.9) -

Values are presented as number (%).

rATG, rabbit anti-thymocyte globulin; CMV, cytomegalovirus; BKV, BK virus; PJP, pneumocystis jirovecii pneumonia; TB, tuberculosis.
a)P-value was calculated by logistic regression analysis; b)Group 1 and group 2 showed a significant difference; c)Group 1 and group 3 

showed a significant difference; d)Group 2 and group 3 showed a significant difference; e)BKV data were collected from 311 recipients

since 2007.

Clinical Outcomes

Graft function outcomes are summarized in Table 2. The 

DGF rate was lowest in group 1 (1.6%) and highest in 

group 3 (21.2%; P=0.004). However, there was no 

significant difference in DGF between group 2 and 3 

(P=0.942). The graft failure rate was lowest in group 

3 (4.4%) and highest in group 2 (27.6%; P=0.007), 

and it was not significantly different between group 3 and 

1 (P=0.08). In a graft survival curve produced by 

Kaplan-Meier analysis, graft survival of group 3 and 1 

was significantly higher than that of group 2 (group 3 vs. 

group 2: P=0.012, group 1 vs. group 2: P=0.043) 

(Fig. 1A). However, AR rate and recipient death were 

not statistically different in all three groups (Table 2, 

Fig. 1B). Graft function estimated using serum Cr level 

and eGFR is shown in Fig. 2. There was no significant 

difference between the three groups at any point in time.

Infection Outcomes

Infection outcomes were divided into posttransplant and 

within 1 year of posttransplant events. The results are 

summarized in Table 3. For CMV infection, the cases re-

quiring preemptive therapy (viral count above 50/400,000 

white blood cells) were further subdivided. In overall 

CMV infection, the infection rate was lowest in group 1 

(59.2%) and highest in group 3 (88.5%; P＜0.001). 

Within a year of the operation, the CMV infection rate 

in group 1 (51.1%) was statistically significantly lower 

than that in group 2 (67.3%) and 3 (87.6%; P＜0.001 

and P＜0.001, respectively). The same results were ob-

tained for CMV infection requiring treatment (CMV ≥

50/400,000). 

There were no statistically significant differences in 

BK virus, bacterial, and fungal infections among the 

three groups. In addition, viral, pneumocystis pneumo-

nia, and tuberculosis infections were difficult to statisti-

cally analyze because of the small number of events.
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Fig. 3. Graft survival according to cytomegalovirus (CMV) infection (CMV ≥50/400,000). (A) CMV infection positive group vs. CMV

infection negative group. (B) CMV infection positive group vs. CMV infection negative group within 1 year of kidney transplantation.

DISCUSSION

While rATG is known to benefit from basiliximab at AR 

and DGF rates, basiliximab benefits from cancer and in-

fection rates [14,15]; thus, which drug is more useful 

remains a subject of discussion. Our study attempted to 

explore effective induction treatments by analyzing graft 

survival, recipient survival, AR rate, DGF rate, and in-

fection rates.

DGF is related to graft survival, and its risk factors 

include obesity, high donor serum Cr level, a positive 

panel reactive antibody (PRA) test, old donor, old recip-

ient, and long cold-ischemia time [16-18]. In a study by 

Chen et al. [14], low-dose rATG (1 mg/kg on days 0, 

1, and 2) significantly reduced the rates of DGF and AR 

compared with basiliximab in high-risk recipients (DGF, 

P=0.035; AR, P=0.004). Gavela et al. [19] reported 

that AR rate was significantly reduced in a low-dose 

rATG group (1.25 mg/kg on days 0 and 2) compared 

with a basiliximab group (P＜0.001). The DGF rate was 

not statistically significant in older donors (P=0.08), but 

the authors suspected that low-dose rATG could reduce 

the DGF rate (low-dose rATG group, 33%; basiliximab 

group, 55.6%). In our study, group 1 had a lower rate 

of DGF than the other groups, and there was no sig-

nificant difference in AR rate. This may be related to re-

cipient and donor characteristics. In the studies men-

tioned above, there was no statistically significant differ-

ence in recipient and donor characteristics between 

groups. However, in our study, there were differences 

in recipient and donor characteristics between groups. 

Compared to group 1, group 3 had older recipients (P＜ 

0.001) and donors (P＜0.001), and higher donor serum 

Cr levels (P＜0.001). Moreover, according to our risk- 

factor analysis, donor serum Cr level was the risk factor 

for DGF (P＜0.001), and donor age was the risk factor 

for AR (P=0.029) (Supplementary Tables 1 and 2). Therefore, 

our results were different those of previous studies. 

In graft failure, the rate of group 2 was higher than 

that of group 1 (P=0.040). Based on the characteristics 

of our study, we predicted that donor serum Cr level and 

HLA mismatches were related, and some studies have 

found that donor serum Cr level and HLA mismatches can 

affect graft failure [20,21]. However, in our graft failure 

risk factor analysis, neither donor serum Cr level nor 

HLA mismatches was statistically significant (serum Cr, 

P=0.318; HLA class 1 mismatch, P=0.504; HLA class 

2 mismatch, P=0.390) (Supplementary Table 3). Group 

3 donors were older and had higher donor serum Cr levels 

than the other groups. Additionally, donor age was a sig-
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nificant risk factor, according to graft failure risk factor 

analysis (P＜0.001) (Supplementary Table 3). Group 3 

also had older recipients and a relatively large number of 

diabetic patients (recipient age, P＜0.001; diabetes, 

P=0.049). However, its graft failure rate (4.4%) was 

significantly lower than that of group 2 (27.6%; 

P=0.004) and lower than that of group 1 (12.5%), al-

though there was no significant difference between the 

two groups (P=0.080). Although group 3 had a short-term 

follow-up, which made predictions difficult, it is ex-

pected that its recipients will experience better graft sur-

vival than those of group 2, and will be comparable to 

those of group 1 at long-term follow-up (Fig. 1).

De novo donor-specific antibody (DSA) production af-

ter kidney transplantation is a risk factor for AR and graft 

failure [22,23], and rATG is known to produce less de 

novo DSA than basiliximab [24]. However, in our study, 

there was no significant difference in DSA incidence 

among the three groups (P=0.802). The risk factors for 

de novo DSA are retransplantations, preformed DSA, and 

higher PRA [25]. In our study, patients with kidney re-

transplantation were excluded, the preformed DSA re-

cipient rate was only 3.4% (group 1, 2.81%; group 2, 

2.2%; and group 3, 5.45%), and the PRA ＞50% recip-

ient rate was only 6.3% (group 1, 4.5%; group 2, 

6.5%; and group 3, 9.2%). Recipients in the Brokhof 

et al.’s study [24] were moderately sensitized recipi-

ents, while most of ours were low-risk recipients. We 

therefore concluded that the low possibility of production 

of de novo DSA did affect the incidence of de novo DSA 

in the three groups.

A previous study reported that CMV infection directly 

or indirectly affects graft survival and recipient survival 

[26], and another study suggests that CMV infection is 

an independent risk factor for AR [27]. However, in the 

current era of prophylaxis/preemptive antiviral treat-

ment, factors other than CMV infection are known to be 

related to long-term graft and recipient survival [28]. In 

our study, the rATG groups had significantly higher CMV 

infection rates than the basiliximab group (P＜0.001), 

especially the low-dose rATG group (P=0.001). 

However, similar to a recent study, our study shows that 

graft survival rates were not significantly different ac-

cording to CMV infection that required preemptive ganci-

clovir treatment (CMV ≥50/400,000) (Fig. 3).

There are some limitations to our study. As a retro-

spective study, patients were not randomly assigned to 

groups. As rATG is frequently used in high-risk patients, 

selection bias was unavoidable. The short-term fol-

low-up of the low-dose rATG group limited accurate 

analysis. Our study has some strengths as well. While 

most studies have compared two groups (basiliximab vs. 

low-dose rATG, high-dose rATG vs. low-dose rATG), 

ours compared three. We also analyzed various compli-

cations of kidney transplantation. An additional pro-

spective and randomized study may reveal the utility of 

induction therapy. 

Graft survival and patient survival rates of the low- 

dose rATG group were comparable with those of the ba-

siliximab group even though the donors were older and 

had higher serum Cr levels, and the recipients in the 

low-dose rATG group were older and more likely to have 

diabetes. The CMV infection rate of the low-dose rATG 

group was higher than that of the basiliximab group. 

However, with ganciclovir preemptive treatment, CMV 

infection did not influence graft outcome. Therefore, 

low-dose rATG may be considered an effective induction 

therapy.
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