
UCLA
UCLA Electronic Theses and Dissertations

Title
Pre-emptive IVIG for Donor Specific Antibody Positive Living Donor Kidney Transplant 
Recipients

Permalink
https://escholarship.org/uc/item/25b6p16v

Author
Abdalla, Basmah

Publication Date
2019
 
Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/25b6p16v
https://escholarship.org
http://www.cdlib.org/


 

 

 

UNIVERSITY OF CALIFORNIA 

Los Angeles 

 

 

 

 

Pre-emptive IVIG for Donor Specific Antibody Positive  

Living Donor Kidney Transplant Recipients  

 

A dissertation submitted in partial satisfaction of the  

requirements for the degree Master of Science 

in Clinical Research 

 

by 

 

Basmah Abdalla 

 

 

 

2019 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Copyright by 

 

Basmah Abdalla 

 

2019 



 

ii 
 

ABSTRACT OF THE DISSERTATION 

 

 

 

 

Pre-emptive IVIG for Donor Specific Antibody Positive  

Living Donor Kidney Transplant Recipients  

 

by 

 

 

Basmah Abdalla 

Master of Science in Clinical Research 

University of California, Los Angeles, 2019 
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Background: Intravenous immunoglobulin (IVIG) is used alone and in combination with other 

therapies in desensitization regimens to modulate anti-human leukocyte antigen (HLA) donor-

specific antibody (DSA) and facilitate transplantation of sensitized patients; however, the risk of 

acute antibody mediated rejection (ABMR) remains high (40-60%) and long-term graft survival 

remains unclear.  

Objective: The aim of the study is to evaluate the impact of a single high dose IVIG protocol on 

the incidence of acute rejection and long-term graft survival in living donor kidney transplant 

(LDKT) recipients with preformed HLA DSA.   

Methods: We retrospectively evaluated 663 adult (LDKT) recipients transplanted at our 

institution with and without preformed DSA between 2005-2013 with median follow-up of 5 
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years. We analyzed recipients with preformed DSA that received a single high dose of IVIG 

(2g/kg) at the time of transplant according to DSA Class (I, II or both) and compared them to 

each other and to DSA negative patients and patients with historic DSA (detected  6 months 

preceding transplantation). Rates of acute rejection and renal allograft survival were compared 

between groups.  

Results: In a cohort of 663 LDKT, 72 (11%) had pre-formed HLA DSA to either Class I, Class 

II HLA molecules, or both with mean fluorescence intensity (MFI) < 6000 detected within 6 

months of transplantation (DSA+), while another 9 (1.4%) of patients had detectable DSA on a 

sample that preceded transplant date by  6 months (historic DSA+). Any type of rejection 

occurred in 150/663 (23%) of the cohort with a statistically significant difference between DSA 

negative and historic DSA positive patients (20%) and DSA positive patients (39%) (p < 0.01). 

Similarly, AMR on for-cause biopsy was found in 7% of DSA negative and historic DSA 

positive patients and 29% in DSA positive patients (p < 0.01). The incidence of ACR alone was 

not statistically different between the groups. In a cox-regression analysis only age (which had a 

minimal effect) and DSA positivity were associated with increased hazard ratio of acute rejection 

and graft failure.   

Conclusion: Single-dose IVIG given at the time of transplant can facilitate living donation in 

recipients with preformed DSA with acceptable acute rejection and graft failure rates. However, 

the risk is not completely mitigated by this regimen.  
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INTRODUCTION 

 

Kidney transplantation is considered the gold standard treatment for patients with end-

stage renal disease (ESRD). While advances in immunosuppression have led to excellent short-

term graft survival, there has been limited improvement in long-term graft survival1,2. This has 

important implications, as many patients, especially those with early-onset ESRD, will require 

several kidney transplants during their lifetime. There has been a strong emphasis among the 

transplant community on means of prolonging the life of renal allografts, as there is a substantial 

organ shortage.  

Chronic antibody mediated rejection (cABMR) remains a leading cause of renal allograft 

failure3-6. Most cases of acute and chronic ABMR are linked to either the persistence of pre-

existing anti-human leukocyte antigen (HLA) donor specific antibodies (DSAs) or the formation 

of de-novo DSAs against class I or class II HLA7-11. Intravenous immunoglobulin (IVIG) has 

been used alone or in combination with other therapies in desensitization regimens to reduce the 

levels of pre-existing DSA prior to transplantation8,12-18. While these regimens allow 

transplantation of patients that may otherwise have been not transplantable due to a positive 

crossmatch, the risk of acute antibody mediated rejection remains significant8,17,19,20. Early 

detection and treatment of acute ABMR usually does not lead to immediate graft loss, but can 

impair long-term graft survival21.  

While it is well established that renal graft survival is significantly shorter in patients 

with both preformed and de-novo DSA, especially Class II HLA DSA22, it is unknown whether 

treatment with IVIG in patients who do not develop ABMR will alter the natural course of DSA 

formation, chronic ABMR and impact graft survival. 
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MATERIALS AND METHODS 

 

Study Hypothesis and Aim 

The aim of the study is to evaluate the impact of pre-transplant high dose IVIG on the 

incidence of acute rejection and long-term graft survival in living donor kidney transplant 

recipients with pre-formed anti-HLA donor specific antibody (DSA). 

Study Design and Population 

This is a single-center retrospective study of 663 adult patients who received an ABO 

compatible living donor kidney transplants at our institution between 2005-2013. The mean and 

median follow-up time were 5 years. Demographic and clinical data were collected including 

age, gender, race/ethnicity, causes of ESRD, transplant type (living related vs living unrelated), 

history of previous kidney transplant, pre-transplant crossmatch results, pre-transplant HLA DSA 

and induction immunosuppression. Patients were classified into five groups based on the 

presence of pre-formed anti-HLA DSA determined via a blood sample collected within the 

preceding 6 months. Group I consisted of patients without pre-formed DSA and hence did not 

receive IVIG. Group II consistent of patients with “historic DSA” which was detected on a pre-

transplant blood sample that preceded the transplant date by at least 6 months. These recipients 

also did not receive IVIG. Groups III, IV, V all had detectable DSA on a pre-transplant blood 

sample within 6 months of their transplant date and received a single dose IVIG (2g/kg) 

administered in 2 divided doses according to our center’s protocol. Group III had detectable 

DSA to Class I HLA antigens only, while group IV had DSA to Class II HLA antigens only and 

group V had DSA to both Class I and Class II HLA antigens. IVIG was given immediately 
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before or after transplant in most cases with very few patients receiving IVIG for 

desensitization months in advance. Seven patients with preformed DSA did not receive 

IVIG and were excluded from the analysis. Four patients received more extensive 

desensitization with plasmapheresis, IVIG and Rituximab. 

Clinical Protocols, Biopsy Evaluation and Rejection Treatment 

All but ten patients received induction immunosuppression with either lymphocyte 

depleting agents ATG (Thymoglobulin®, Sangstadt, Menlo Park, CA, 1.5 mg/kg/d for 4 doses) 

or  alemtuzumab (Campath®, Genzyme, Cambridge, MA) (27.4% ) or non-lymphocyte depleting 

agents (Zenapax®, Roche, Nutley, NJ, or Simulect®, Novartis Pharmaceuticals, East Hanover, 

NJ) (72.2% patients) in addition to IV methylprednisolone (with an initial dose of 500-1000 mg, 

followed by a tapering protocol). Choice of induction therapy was based on immunologic risk 

and at the discretion of the clinician (transplant nephrologist). Eight patients who were a two-

haplotype match with their living donors received only IV methylprednisolone. One patient who 

received a transplant from an identical twin and one patient received a bone marrow transplant 

from a two-haplotype matched sibling received no induction therapy. Induction data was missing 

on two patients in the cohort. Maintenance immunosuppression usually consisted of a three-drug 

regimen with a calcineurin inhibitor (cyclosporine or tacrolimus), anti-metabolite 

(mycophenolate mofetil, mycophenolic acid, or azathioprine) and low dose oral prednisone (5 

mg).  

Flow PRA was used to screen for donor-specific anti-HLA antibodies and antibody 

specificities were confirmed using solid phase single-antigen flow bead assays (One Lambda, 

Inc., Canoga Park, CA) on a Luminex platform. Antibody strength was expressed as a mean 
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fluorescence intensity (MFI). An MFI of  1000 was considered positive for HLA A, B, DQ and 

DR and MFI  2000 for HLA C and DP. T and B cell crossmatches were performed by 

complement dependent cytotoxicity and flow cytometry. Recipients identified as having DSA to 

either HLA Class I or Class II received a single IVIG (2g/kg with a maximum dose of 140 g in 

two divided doses). Seven patients who were DSA positive did not receive IVIG and hence were 

excluded from the analysis.  

Allograft biopsies were performed for-cause only according to the usual clinical 

indications such as a rise in serum creatinine and unexplained proteinuria. Biopsies were 

interpreted independently by one of three renal pathologists (CL, FP, WW). Acute cellular 

rejection (ACR) and antibody mediated rejection (ABMR) were diagnosed based on the latest 

international Banff criteria for kidney allograft transplantation at the time of biopsy23-28. For 

recipients with multiple biopsies performed during the follow-up period only the incident for-

cause biopsy was analyzed. 

Acute cellular rejection was treated with a methylprednisolone pulse (5 mg/kg for 3 days) 

for ACR 1a and ATG for grade 1b or higher. Acute antibody mediated rejection was treated 

using one or more of the following therapies; plasmapheresis (3-5 sessions with 1 plasma 

exchange volume, IVIG (2g/kg in divided doses) and Rituximab (375 mg/m2) at the discretion of 

the treating clinician.  

Outcome Measures  

The primary outcome measure was the incidence of antibody mediated rejection (ABMR) 

with or without concomitant acute cellular rejection (ACR). Secondary outcomes were the 
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incidence of any type of rejection which included both ACR, ABMR and mixed rejection (MR) 

in which features of both ACR and ABMR were present based on Banff criteria, time to acute 

rejection and kidney allograft failure (defined as return to maintenance dialysis or re-

transplantation).  

Statistical Methods  

Continuous variables were expressed in means and standard deviations, while categorical 

variables were described as frequencies or percentages unless otherwise stated.  Two-way 

comparisons were performed using t‐tests for continuous variables and Chi-Square tests for 

categorical values. DSA/IVIG groups were compared with ANOVA for continuous variables and 

Fisher's exact test for categorical variables. Additional comparisons between sets of groups were 

via Fisher's exact test. A two-tailed p-value less < 0.05 was considered statistically significant for 

all comparisons. 

Kidney allograft survival was calculated from time of transplantation until last follow-up. 

In the case of death with a functioning graft, allograft survival was censored at the time of death. 

Time to first acute rejection episode, time to first ABMR episode and kidney allograft survival 

were estimated using the Kaplan-Meier method and compared between DSA/IVIG groups with 

the Log-Rank test. A Cox proportional hazard model was used to analyze the effect of various 

covariates on the outcomes acute rejection, ABMR and renal allograft survival. Analysis was 

performed using STATA® version 16.0 (College Station, TX). 
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Study Approval  

The study was approved by the Institutional Board Review of the University of 

California, Los Angeles office of research administration (IRB #12-001597). 

 

RESULTS 

Patient Demographics  

Out of 663 adult living kidney donor recipients analyzed, 72 (11%) had pre-formed HLA 

DSA to either Class I or Class II HLA molecules (DSA+) with < 6000 MFI detected within 6 

months of transplant date. Forty of these patients (6%) had Class I DSA, 22 (3%) had class II 

DSA and 10 patients (1.5%) had both Class I and Class II DSA. Nine patients (1.4%) had 

“historic DSA” detected on a pre-transplant sample that preceded the transplant date by 6 months 

or greater. 

Table 1 shows the demographic breakdown of type of transplant (related vs unrelated), 

gender, race/ethnicity, mean age at time of transplant, causes of ESRD, percentage of re-

transplant patients and type of induction immunosuppression (lymphocyte depleting vs non-

depleting vs other) according to the five DSA/IVIG groups. There was a greater percentage of 

female patients and re-transplant patients in the historic and DSA positive groups ( p < 0.01) and 

a greater percentage of lymphocyte depleting induction used in the DSA positive groups ( p < 

0.01). 
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Overall Outcomes  

Rejection and graft failure outcomes are summarized in table 2. Any type of rejection 

(ACR, ABMR or mixed rejection) occurred in 150/663 (23%) of the cohort. The incidence of 

any rejection was 21% (121/582) for group I (DSA-/IVIG-) with 79 patients (14%) experiencing 

ACR only, 6 patients (1%) experiencing ABMR only and 36 patients (6%) experiencing mixed 

rejection (both ACR and ABMR). In group II (Historic DSA+/IVIG-) 1/9 (11%) patients 

experienced rejection, which was ABMR only. In group III (Class I DSA+/IVIG+) 14/40 (35%) 

experienced any type of rejection, with 3 (8%) experiencing ACR only, 4 (10%) ABMR only 

and 7 (18%) mixed rejection.  In group IV (Class II DSA+/IVIG+) 10/22 (45%) of patients 

experienced any rejection with the following breakdown 2 (9%) ACR only, 5 (23%) ABMR only 

and 3 (14%) mixed rejection. In group V (Class I + II DSA+/IVIG+) 4/10 patients (40%) 

experienced any type of rejection with 2 (20%) ACR only and 2 (20%) ABMR only and no 

mixed rejection.  

The difference in any rejection, ABMR only, and any ABMR (with or without ACR) was 

statistically significant when groups I and II were compared to groups III, IV and V (p < 0.01 for 

all types of rejection).  There was no difference between group I (DSA-/IVIG-) and group II 

(historic DSA +/IVIG-) in ABMR only, any ABMR, or any rejection with p-values of 0.1, 0.5 

and 0.69 respectively. There was also no difference between the three DSA+ groups (Group III, 

IV and V) in ABMR only, any ABMR, or any rejection with p-values of 0.35, 0.67, and 0.7 

respectively (not shown in table).  There was no difference in ACR between any of the groups 

with an overall p-value of 0.59.  
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Graft failure (death-censored) occurred in 64/663 (10%) of patients in the overall cohort 

censored to last follow-up time. The breakdown according to DSA/IVIG groups was 47/582 

(8%) patients in group I, 2/9 (22%) of patients in groups II, 7/40 (18%) of patients in groups III, 

7/22 (32%) of patients in groups IV and 1/10 (10%) of patients in group V. There were 

statistically significant differences in graft failure when groups I (DSA-/IVIG-),  and II (historic 

DSA +/IVIG-) were compared to the DSA + groups III, IV, and V combined (p < 0.01) and 

when group I was compared to all other groups (p < 0.01). There was no significant difference 

between group I (DSA-/IVIG-) and group II (historic DSA +/IVIG-)  (p = 0.17) and no 

significant difference between the three DSA + groups when compared with each other (p = 

0.36). 

Kaplan-Meier survival analyses were performed for rejection-free survival from any type 

of rejection, any ABMR, and death-censored graft survival (figures 1-3). There were differences 

confirmed by the log-rank test in rejection free survival, which was lower in all three DSA + 

groups. Similar results were also found for both ABMR- free survival and death censored 

allograft survival.  

A Cox proportional hazard regression model was performed for the outcomes, time to 

any rejection, time to ABMR, and time to graft failure (table 3). Age was associated with a 

decreased hazard ratio for all three outcomes with borderline significance. Female gender was 

associated with a decreased hazard ratio for all rejection, but did not reach statistical significance 

for all ABMR and graft failure. Hispanic ethnicity was associated with an increased hazard ratio 

for graft loss but only with a wide confidence interval. When compared to the reference group I 

(DSA-/IVIG-) and controlling for all other variables in the model, groups III (Class I 
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DSA+/IVIG+) and IV (Class II DSA+/IVIG+) had a higher hazard ratio for any rejection, any 

ABMR, and graft failure. There were no differences observed for group II (historic 

DSA+/IVIG+) and group V (Class I + II DSA+/IVIG+). 

 

DISCUSSION 

Antibody-mediated rejection (ABMR) is well recognized as a leading cause of renal 

allograft failure 5. In fact, recent studies have refuted the role of other possible causes of 

progressive renal allograft dysfunction such as chronic CNI toxicity and isolated ACR4. 

Antibody mediated rejection can happen early or late and can be caused by either pre-

existing or newly formed “de-novo” donor specific antibodies (DSA)29. DSA are commonly 

directed against donor HLA antigens; however, now it is recognized that ABMR can occur due 

to non-HLA directed antibodies such as AT1R antibodies and donor-specific MICA antibodies30-

33. Classically, ABMR occurs by binding of donor-specific anti-HLA antibodies (DSA) to HLA 

Class I and Class II molecules to the microvascular endothelium leading to injury through a 

variety of complement dependent and complement independent mechanisms30,34. The 

complement dependent mechanisms of injury are mediated through the classical complement 

pathway. C4d (complement degradation product of C4) deposition once thought to be a hallmark 

of ABMR is no longer essential to make a diagnosis of ABMR as of the Banff 2013 schema for 

diagnosing rejection27. Early acute ABMR has been associated with pre-existing DSA and 

complement dependent mechanisms, while late ABMR has been associated with de-novo DSA 

and mainly complement independent mechanisms10. Acute ABMR has been known to lead to 

chronic ABMR and late graft failure. In fact, even in absence of clinical rejection, subclinical 
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ABMR in the presence of DSA was shown to adversely affect renal allograft survival with 

evidence of transplant glomerulopathy lesions, which are histologic feature of chronic ABMR on 

protocol biopsies6,35. This is consistent with older studies that demonstrated poorer transplant 

outcomes including graft failure in patients with detectable anti-HLA antibodies in which the 

presence of antibodies preceded the decline in GFR22,36.  

One of the well-established treatments for ABMR is IVIG or human pooled 

immunoglobulin, which possess both immune modulatory and anti-inflammatory properties37,38. 

Its proposed mechanisms of action include inhibition of T-cell proliferation, inhibition of 

inflammatory cytokine synthesis and action, inhibition of complement activation and anti-

idiotypic blockade of alloantibodies13. It has also been commonly used in desensitization 

regimens to reduce pre-existing DSA prior to transplantation which is a common barrier to 

transplantation and affects approximately 30% of waitlisted candidates18. 

A randomized, double-blind, placebo-controlled trial by Jordan et al. showed a benefit of 

monthly IVIG in reducing sensitization reflected by panel reactive antibody (PRA) levels and 

subsequent improvement in transplantation rates for candidates on the deceased donor waitlist12. 

However, rejection rates were higher in the desensitized group and there was no difference in 

graft survival. Similar results were achieved in a report by Glotz et al. demonstrating successful 

reduction in PRA levels and transplantation of 13 out of 15 highly sensitized candidates using a 

single high dose IVIG protocol (2g/kg bodyweight) given monthly39.  In an observational study 

of candidates with positive T-cytotoxic crossmatches, high dose IVIG protocol was compared to 

plasmapheresis and low dose IVIG with and without anti-CD20 therapy. Both desensitization 

regimens achieved a negative crossmatch in a proportion of patients with success rates largely 

dependent on the crossmatch titers. Overall, it appeared that plasmapheresis/IVIG regimens were 
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more effective in desensitization and were associated with lower early ABMR rates 80% vs 34% 

(p = 0.05)14. Desensitization regimens have since evolved to include the anti-CD20 monoclonal 

antibody rituximab, proteasome inhibitors (1st generation bortezomib and 2nd generation 

carfilzomib) and terminal complement blocker anti-C5 antibody eculizuamab15,16,40-44.  Despite 

addition of rituximab, incidence of acute rejection with regimens that combined IVIG and 

rituximab remained 37-50%15,16. In a prospective iterative trial using bortezomib in combination 

with plasmapheresis, rituximab and IVIG acute rejection rates were lower at 19% however 

overall transplantation rate was still only 43%, despite this extensive regimen that included side 

effects limiting completion of therapy such as cytopenias and neurotoxicity40. A review by Marfo 

et al. published in 2011 summarizes 21 desensitization studies published between 2000-2010 

involving 725 patients with DSA, some previously mentioned here. Overall patient and graft 

survival averaged 95% and 86%, which are deemed acceptable, and acute overall acute rejection 

rate averaged 36%, ranging from 33%-100%8.  

Despite high rejection rates, a single-center study by Montgomery et al. demonstrated 

that a desensitization regimen with plasmapheresis and IVIG followed by living donor 

transplantation had a patient survival benefit over waiting for a compatible organ17. These results 

were later validated in a multicenter trial at 22 transplant centers20.  The alternative to 

desensitization regimens are kidney paired donation programs with the goal of obtaining well-

matched living donors for sensitized recipients45. However, compatible matches are not always 

found and many centers including our own still use desensitization in combination with kidney 

paired donation.  

There is notably a wide heterogeneity in the risk of recipients included in all the above-

mentioned studies as some included CDC crossmatch positive patients only (highest risk), while 
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other studies excluded CDC crossmatch positive patients and included flow cross match positive 

patients, still other studies included DSA positive and high PRA positive patients with negative 

crossmatches and some included various combinations of immunologic risk. In our study, none 

of the patients had a positive CDC crossmatch as our center’s protocol deems the risk excessive, 

but all 81 patients analyzed who received IVIG had positive DSA to HLA Class I or Class II 

antigens, or both. Sensitized (high PRA) patients without DSA were not considered at increased 

risk and did not receive any type of desensitization. These were analyzed in the DSA negative 

group.  

Our results using a simple desensitization regimen of only a single dose of IVIG 2g/kg 

given at time of living donor transplant resulted in similar acute rejection rates of 35-40% in all 

the DSA positive groups with ABMR rates of 20-36%. These results are comparable to previous 

studies, mostly using more extensive drug regimens that would be costlier with potential for 

more adverse treatment-related events. In a Cox regression analysis, with the exception of a 

small effect of age, only DSA positivity was associated with increased hazard ratio of acute 

rejection, ABMR and allograft failure. Pre-treatment with IVIG was unable to mitigate the 

rejection and graft loss risk completely and DSA positive patients remained higher risk for all 

three outcomes than DSA negative patients. We hypothesize that the small number of patients in 

group V (Class I and Class II) underpowered the ability to detect a significant difference between 

this group and other groups as the risk would be expected to be similar to the other DSA positive 

groups. Patients with historic DSA, that is, detected greater than 6 months preceding transplant, 

(Group II) did not appear to be at higher risk, although the small number of recipients in the 

group may have limited the power to detect a significant difference in outcomes.  
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Strengths of our study include an overall homogenous group of patients in terms of 

immunologic risk: all were CDC crossmatch negative patients, all with pre-transplant HLA DSA 

and flow crossmatches below 300 median channel shifts. In addition, the study was of a 

relatively large cohort (663 total patients with 72 DSA positive patients) of diverse racial/ethnic 

backgrounds, which may increase generalizability. All patients received living donor transplants, 

which limits variables associated with deceased donation, such as prolonged cold ischemia time, 

ischemia reperfusion injury and delayed graft function, which can impact both acute rejection 

rates and graft survival. Our study was limited by the inherent biases of an observational study. 

Since, our center’s protocol was to give IVIG to all patients with pre-transplant DSA, there was 

no true control group of DSA positive patients that did not receive IVIG. Screening for pre-

transplant DSA at the time of this study was performed using Flow PRA, which is less sensitive 

than screening by single-antigen bead testing. Thus, some pre-transplant DSA may have been 

missed. Routine post-transplant DSA monitoring was also not routinely performed during this 

time. Thus, the durability vs disappearance of DSA could not be measured. While adverse events 

related to IVIG were not collected, this regimen appears to be well-tolerated with few side 

effects based on the literature and our center’s own experience. 

In conclusion, HLA incompatibility remains a barrier to living donor transplantation. 

While kidney paired donation remains a viable option to avoid crossing DSA, finding a fully 

compatible match is sometimes not possible in highly sensitized patients. In moderate 

immunologic risk recipients in which paired donation is logistically challenging or not feasible, 

single-dose IVIG may safely facilitate direct donation; in highly sensitized recipients, single-

dose IVIG may be used in combination with paired exchange, where a “clean match” without 

pre-transplant DSA cannot be found. However, single-dose IVIG does not mitigate the acute 
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rejection and graft failure risk completely and DSA positive patients remain at higher risk. 

Further studies are needed to investigate the role of single-dose IVIG in combination with paired 

exchange on transplantation rates, rejection rates and long-term graft survival in living donor 

transplant recipients.   
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No.  

Group I 

(DSA-

/IVIG-) 

582 

Group II 

(Historic 

DSA+/IVIG-) 

9 

Group III 

(Class I 

DSA+/IVIG+) 

40 

Group IV 

(Class II 

DSA+/IVIG+) 

22 

Group V 

(Class I+ II 

DSA+/IVIG+) 

10 

 

P-

value 

Variable       

Age, mean 

(SD) 

48 (13)  48 (13) 49 (12) 49 (15) 44 (10) 0.83 

Gender, no 

female (%) 

218 (37) 77 (78) 30 (75) 13 (59) 6 (60) < 

0.01 

  < 

0.01 

Race/ethnicity      0.56 

     Caucasian, 

no (%)  

285 (49) 4 (44) 12 (30) 10 (45) 7 (70)  

     Black, no 

(%)  

51 (9) 1 (11) 7 (18) 2 (9) 0 (0)  

     Hispanic, no 

(%)  

15 (3) 0 (0) 1 (2) 1 (5) 0 (0)  

     Asian, no 

(%) 

45 (8) 1 (11) 2 (5) 2 (9) 1 (10)  

     Other, no 

(%)  

186 (32) 3 (33) 18 (45) 7 (32) 2 (20)  

       

Cause of ESRD       

     Diabetes, no 

(%)  

123 (23) 2 (25) 3 (16) 2 (13) 0 (0)  

     HTN, no (%)  31 (6) 0 (0) 2 (6) 2 (13) 1 (11)  

     Glomerular, 

no (%)  

148 (27) 4 (50) 11 (34) 2 (13) 1 (11)  

     Congenital, 

no (%) 

81 (15) 1 (13) 1 (3) 4 (25) 2 (22)  

     Transplant 

failure, no (%)  

31(6) 0 (0) 3 (9) 3 (19) 3 (33)  

     Interstitial 

nephritis, no 

(%) 

9 (2) 0 (0) 1 (3) 0 (0) 0 (0)  

     Other, no 

(%)  

122 (22) 1 (13) 9 (28) 3 (19) 2 (22)  

       

Type of living 

donor 

transplant 

      

0.869 

     Living 

related, no (%) 

292 (50) 4 (44) 19 (48) 9 (41) 6 (60)  

     Living 

unrelated, no 

(%) 

290 (50) 5 (56) 21 (52) 13 (59) 4 (40)  

       

Induction       < 

0.01 
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Table 1: Patient Demographic and Transplant Characteristics. SD, standard deviation; HLA, 

human leukocyte antigen; DSA, anti-HLA donor specific antibody; IVIG, intravenous 

immunoglobulin; ATG, anti-thymocyte globulin 

 Gender in group I vs. all other groups 

 Re-transplants in group I vs. all other groups 

 Lymphocyte depleting induction in groups I+II vs. groups III+IV+V 

     Lymphocyte 

depleting  

     (ATG or 

Alemtuzumab) 

 

92 (16) 

 

2 (22) 

 

36 (90) 

 

20 (91) 

 

10 (100) 

 

 < 

0.01 

      Non- 

lymphocyte 

depleting  

     (Dacluzimab 

or Basiliximab) 

 

 

478 (82) 

 

 

7 (78) 

 

 

4 (10) 

 

 

2 (9) 

 

 

0 (0) 

 

     None or 

steroids only  

12 (2) 0 (0) 0 (0) 0 (0) 0 (0)  

       

Re-transplant, 

no (%) 

42 (7) 3 (33) 7 (18) 11 (50) 5 (50) < 

0.01 

< 

0.01 

       

Follow-up time 

in days, mean 

(SD) 

 1797  

(940) 

 

2186 (898) 

 

1725 (882) 

 

2110 (883) 

 

2475 (985) 

 

0.58 
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Table 2: Outcomes.  ACR, acute cellular rejection; AMR, antibody mediated rejection; DSA, 

anti-HLA donor specific antibody; IVIG, intravenous immunoglobulin. 

*Any rejection in groups I+II vs. groups III+IV+V. There was no statistical difference between 

groups I and II (p = 0.69) and groups III, IV and V ( p = 0.7). 

 AMR alone in groups I+II vs. groups III+IV+V. There was no statistical difference between 

groups I and II (p = 0.1) and groups III, IV and V ( p = 0.35). 

 ACR + AMR (mixed rejection) in groups I+II vs. groups III+IV+V 

 Any AMR (with or without ACR) in groups I+II vs. groups III+IV+V. There was no statistical 

difference between groups I and II (p = 0.5) and groups III, IV and V ( p = 0.67). 

 Allograft failure (death-censored) in groups I vs. II 

 Allograft failure (death-censored) comparing groups III, IV and V 

 Allograft failure (death-censored) in groups I+II vs. groups III+IV+V 

 Allograft failure (death-censored) in group I vs. all other group 

 

 

No.  

Group I 

 

582 

Group II 

 

9 

Group III 

 

40 

Group IV 

 

22 

Group V 

 

10 

 

P-

value 

Outcome        

Any rejection, 

no (%)  

121 (21) 1 (11) 14 (35) 10 (45) 4 (40) < 0.01 

 < 

0.01 

     ACR only  79 (14) 0 (0) 3 (8) 2 (9) 2 (20) 0.59 

     AMR only  6 (1) 1 (11) 4 (10) 5 (23) 2 (20) < 0.01 

 < 

0.01 

     ACR+AMR  36 (6) 0 (0)  7 (18)  3 (14) 0 (0 0.05 

 0.02 

     Any AMR 
(with or 

without ACR) 

42 (7) 1 (11) 11 (28) 8 (36) 2 (20) < 0.01 

 < 

0.01 

       

Allograft 

failure (death-

censored) no, 

% 

47 (8) 2 (22) 7 (18) 7 (32) 1 (10) < 0.01 

 0.17 

 0.36 

 < 

0.01 

 < 

0.01 
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 Time to 

Any 

Rejection 

HR (95% 

CI) 

P-value Time to 

AMR 

HR (95% 

CI) 

P-value Time to 

graft 

failure 

HR (95% 

CI) 

P-value 

Variables         

Age (years) 0.98 (0.971, 

0.996) 

0.01 0.97 (0.952, 

1.0) 

< 0.01 0.97(0.951, 

0.991) 

< 0.01 

Gender       

     Male 

(reference)  

1  1    

     Female  0.58 (0.4, 

0.831) 

< 0.01 0.85 (0.487, 

1.5) 

0.56 0.87 (0.498, 

1.513) 

0.62 

Race/ethnicity       

     Asian  

(reference) 

1  1  1  

     Caucasian  1.89 (0.863, 

4.111) 

0.11 1.37 (0.482, 

3.872) 

0.56 6.50 (0.884, 

47.779) 

0.07 

     Hispanic   0.82 (0.169, 

3.950) 

0.8  1 11.88 

(1.195, 

118.039 

0.04 

     Black   2.29 (0.951, 

5.517) 

0.07 2.05 (0.632, 

6.655) 

0.23 7.28 (0.913, 

58) 

0.06 

     Other  1.53 (0.688, 

3.407) 

0.3 0.97 (0.323, 

2.916) 

0.96 3.72 (0.480, 

28.694) 

0.21 

Induction        

     Lymphocyte 

depleting  

     (reference) 

1  1  1  

      Non- 

lymphocyte 

depleting  

0.97 (0.614, 

1.562) 

0.93 0.67 (0.331, 

1.353) 

0.26 1.12 (0.512, 

2.471) 

0.77 

     None or 

steroids only  

 1 1  1.26 (0.153, 

10.452) 

0.83 

Re-transplant       

     No 

(reference)  

1  1  1  

     Yes   0.62 (0.337, 

1.130) 

0.12 0.41 (0.162, 

1.024) 

0.06 0.90 (0.385, 

2.125) 

0.81 

DSA/IVIG 

group  

      

     Group I 

(DSA-/IVIG-) 

(reference) 

1  1  1  

     Group II 

(Historic DSA-

/IVIG-) 

0.73 (0.1, 

5.284) 

0.75 1.85 (0.245, 

13.925) 

0.55 3.42 (0.774, 

15.111) 

0.11 

     Group III 

(Class I 

DSA+/IVIG+) 

2.29 (1.183, 

4.432) 

0.01 3.76 (1.579, 

8.959) 

< 0.01 3.55 (1.277, 

9.855) 

0.02 
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     Group IV 

(Class II 

DSA+/IVIG+) 

3.49 (1.6, 

7.63) 

< 0.01 7.28 (2.679, 

19.760) 

< 0.01 3.48 (1.16, 

10.428) 

0.03 

     Group V 

(Class I+II 

DSA+/IVIG+) 

2.86 (0.95, 

8.607) 

0.06 2.89 (0.606, 

13.826) 

0.18 0.78 (0.093, 

6.621) 

0.82 

 

 

 

 

Table 3: Cox proportional hazard model for time to rejection, time to AMR and graft 

failure. AMR, antibody mediated rejection; DSA, anti-HLA donor specific antibody; IVIG, 

intravenous immunoglobulin; HR, hazard ratio; CI, confidence interval 
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Figure 1: Rejection-free survival (Kaplan–Meier) for any type of rejection according to DSA 

group 
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 Figure 2: Rejection-free survival (Kaplan–Meier) for any AMR according to DSA group  
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Figure 3: Renal allograft survival. Death‐censored renal allograft survival curves (Kaplan-

Meier) according to DSA group 
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