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Abstract: (1) Background: We aimed to investigate the outcomes of human leukocyte antigen
(HLA)-incompatible transplantation for patients who received desensitization with intravenous
immunoglobulins (IVIg), plasmapheresis, and rituximab. (2) Methods: A comprehensive search of
multiple electronic databases to identify studies that utilized desensitization was conducted. The
random-effects model was used to calculate the pooled rates and the 95% confidence interval (CI).
(3) Results: A total of 1517 studies were initially identified. From these, 16 studies met the inclusion
criteria, encompassing 459 patients, with a mean age of 45 years, of whom 40.8% were male. CDC
crossmatch was positive in 68.3% (95% CI: 43.5-85.8; 12 87%), and 89.4% (95% CI: 53.4-98.4%; 12 89.8%)
underwent living-donor transplantation. The 1-year graft survival pooled rate was 88.9% (95% CI:
84.8-92; 12 0%) and the 5-year graft survival rate was 86.1% (95% CI: 81.2-89.9; 12 0%). The 1-year
patient survival rate was 94.2% (95% CI: 91-96.3; 12 0%), and the 5-year patient survival rate was
88.9% (95% CI: 83.5-92.7%; 12 7.7%). The rate of antibody-mediated rejection was 37.7% (95% CI:
25-52.3; 12 80.3%), and the rate of acute cell-mediated rejection was 15.1% (95% CI: 9.1-24; 12 55%).
(4) Conclusions: Graft and patient survival are favorable in highly sensitized patients who undergo
desensitization using IVIg, plasmapheresis, and rituximab for HLA-incompatible transplantation.

Keywords: kidney transplant; HLA desensitization; antibody-mediated rejection; anti-human
leukocyte antigen; donor-specific anti-human leukocyte antibody

1. Introduction

Increased levels of human leukocyte antigen (HLA) sensitization occur in many pa-
tients due to several factors, such as prior blood transfusions, pregnancies, or transplanta-
tion, and this limits their chances of transplantation [1]. Anti-HLA donor-specific antibodies
(DSAs) are a significant factor contributing to allograft rejections [2].

Since 2014, in the United States, the kidney allocation system has been modified
to give increased priority to individuals who are highly sensitized to HLA in an effort
to mitigate the challenges associated with HLA sensitization. Furthermore, the kidney
paired donation program (KPD) in the USA and the kidney exchange programs (KEPs)
available in European countries enable recipients with incompatible donors to undergo
living-donor kidney transplants, provided there is a willing and approved living donor.
However, compatible donors are not always available in the paired kidney exchange
program, or such programs are not available in many countries [3,4]. Allograft survival
through living-kidney HLA-incompatible transplantation (HLAi) has superior outcomes to
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dialysis, achieved after measures are taken to reduce the circulating antibodies through
desensitization [5].

The approach to HLA-incompatible transplantation varies among transplant centers,
but the overall aim is to improve the chances of successful kidney transplantation in patients
with broad HLA sensitization and decrease the short- and long-term risk of rejection in such
patients after transplantation. Plasmapheresis, intravenous immunoglobulin (IVIG), and
B-lymphocyte antigen -CD 20 inhibitors have been the pioneer agents to be used for HLA
desensitization and have been used for highly sensitized individuals undergoing a renal
transplant. There is a lack of data from randomized controlled trials assessing the benefit
of current desensitization protocols, and the ideal therapy remains unclear, particularly in
terms of the long-term outcomes after desensitization. Nonetheless, the commonly used
desensitization agents in many institutions include IVIg, plasmapheresis, and rituximab to
decrease cell-mediated and antibody-mediated rejection in these patients who are highly
HLA-sensitized [6].

During desensitization, these immunomodulators decrease the DSA by interrupting
various pathways. IVIG works by regulating the immune response through multiple
pathways [7]. This involves counteracting cytokines and antibodies, inhibiting T and B
cells, increasing regulatory T cells, and inhibiting immune complex formation and dendritic
cell activity [8]. Additionally, plasmaphereses work by removing immunoglobulins from
the recipient’s serum. Plasma proteins, including albumin and coagulation factors, which
are also removed in the process, are then replaced by albumin or fresh frozen plasma [6].
Rituximab, a monoclonal antibody against CD20, expressed on the surface of B cells and
their progenitor cells, exerts its action by eliminating B cells in the peripheral blood and
spleen. It also prevents their differentiation into plasma cells, although it does not directly
affect plasma cells as they do not express CD20 [9].

The aim of our systematic review and meta-analysis was to evaluate allograft and
patient outcomes after 1 and 5 years among HLA-incompatible transplantations in pa-
tients who received desensitization with IVIg, plasmapheresis, and rituximab. Addi-
tionally, this study also assessed the rates of rejection and infection following these
desensitization techniques.

2. Materials and Methods
2.1. Data Sources and Search Strategy

A systematic review was conducted, as this method minimizes selection and inter-
pretation bias. The meta-analysis component allows for quantitative data synthesis, since
data on HLA desensitization are limited. Moreover, heterogeneity can be explored with
meta-analysis methods. Hence, a systematic review and meta-analysis were conducted
instead of a narrative review. The literature search was conducted by an experienced librar-
ian who collaborated with the authors. A comprehensive search was conducted from study
inception through August 2023 on the following electronic databases: PubMed, Embase,
Web of Science, and Google Scholar. A combination of the following keywords was used
in the search: “HLA desensitization” OR “hla antigens” OR “histocompatibility antigens
class i” OR “histocompatibility antigens class ii” OR “immunologic desensitization” OR
“desensitize” AND “kidney transplantation” OR “renal transplantation” OR “treatment”.
Studies from study inception to August 2023 were included, and articles not written in En-
glish were excluded. Additional pertinent articles were discovered from the bibliographic
sections of the articles of interest and were manually added. The search did not include
gray literature. A detailed search strategy is shown in the Supplementary Materials.

2.2. Study Selection

The retrieved studies were independently screened for eligibility via abstract review
by two authors (D.C. and A.O.). Following screening, full-text articles were reviewed,
and studies were included based on inclusion and exclusion criteria. Any disagreements
were resolved through consensus or discussion with another author (D.P.). The preferred
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reporting items for systematic review and meta-analysis guidelines were used to select
the final articles [10]. The study protocol was registered in PROSPERO, an international
database of systematic reviews, with registration number CRD42023425343.

The inclusion criteria were as follows: (1) patients > 18 years old who underwent
renal transplantation; (2) HLA desensitization using IVIg, plasmapheresis, and rituximab;
and (3) studies published in English. The exclusion criteria were as follows: (1) pediatric
studies; (2) studies pertaining to solid organ transplants other than kidney transplants; and
(3) review articles, conference abstracts, and case reports.

2.3. Assessed Outcomes

The primary outcome was graft and patient survival after 1 and 5 years. The secondary
outcomes assessed were antibody-mediated rejection (AbMR) events, acute cell-mediated
rejection events, transplant glomerulopathy, and infections. The infectious complications
assessed were urinary tract infections (UTI), cytomegalovirus (CMV), and BK polyoma
(BK) nephropathy.

2.4. Data Extraction

The authors (D.C., D.P,, and A.O.) extracted the data into a standardized form. The ex-
tracted data were verified by D.C. The author information, the country where the study was
conducted, the total number of patients, demographic information, comorbidities, trans-
plant wait times, re-transplants, induction agent used, post-transplant immunosuppression,
follow-up period, rejections, infections, graft, and patient outcomes were recorded.

2.5. Statistical Analysis

The categorical variables were expressed as percentages, and the continuous variables
were expressed as mean = standard deviation. A continuity correction factor was applied if
the number of events in a study was reported to be zero. The studies were considered to be
randomly chosen from a larger pool of studies, so we adopted the random-effects model [11].
The inverse-variance random-effects DerSimonian-Laird method was used to calculate the
pooled rates, the mean estimates, and the 95% confidence intervals (Cls) [12,13].

Visualization of the statistical analyses was achieved by creating forest plots [14]. We
assessed the heterogeneity using two methods. First, the Cochran Q statistic was applied to
test the null hypothesis that all the studies included shared the same effect size. If this was
true, then the expected value of Q would have exceeded the degrees of freedom (number
of studies minus 1). The alpha level was set to 0.10 due to the limited statistical power.
Subsequently, the 12 statistic was employed to quantify the percentage of variance in the
effect sizes that was not solely attributable to sampling error once heterogeneity had been
identified by the Q statistic. Different ranges of 12 values would thus indicate the degree of
heterogeneity, with values <30%, 31% to 60%, 61% to 75%, and >75% being suggestive of
low, moderate, substantial, and considerable heterogeneity [15].

The evaluation of the publication bias was performed by visual examination of the
funnel plots alongside Egger’s test, and a p-value of <0.05 was considered significant.
When publication bias was present, the Duval and Tweedie’s “Trim and Fill” method was
used to assess the impact of bias [16,17]. All statistical analyses were conducted using the
Comprehensive Meta-Analysis software, version 4 (Biostat, Englewood, NJ, USA) [18].

2.6. Quality Assessment and Risk of Bias

The modified Newcastle-Ottawa scale (NOS) was used to assess the risk of bias, since
the studies included were primarily prospective studies. The studies were scored on study
selection (representativeness of the exposed cohort, sample size, ascertainment of exposure,
and ascertainment of outcomes at the start) and outcome (assessment of outcome, follow-
up time, and adequacy of follow-up) [19]. Two authors (D.C. and A.P.) independently
performed the scoring. The studies were evaluated for a maximum of 6 points, with a score
of 5 suggesting a high quality and a score of <5 suggesting a low quality.
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2.7. Ethical Approval and Consent to Participate

Ethical approval was not required for our meta-analysis because the data were already
accessible to the public.

3. Results
3.1. Search Strategy Results

The initial search resulted in 1517 studies. Thereafter, a total of 1344 studies were re-
trieved after the duplicates were removed using a systematic review accelerator (SRA) [20].
Following screening, 595 articles were selected for full-text review. Finally, 16 studies were
selected for the meta-analysis after applying the inclusion and exclusion criteria [2,21-35].
The study selection flowchart (preferred reporting methods for systematic review and
meta-analysis) is shown in Figure 1.

Identification of studies via databases and registers

o
o Records removed before
o Records iden tified from
'g screening:
o Databases (n = 1517)
E > Duplicate records (n = 173)
3
=
~—
Records screened Case reports (n = 21)
e .
(n = 1344) Reviews (n= 672)
Reports sough t for retrieval Reports not retrieved (n = 0)
—>
g, (n = 595) Not in English (n = 1)
=
@
: |
O
(2]
Reports assessed for eligibility Reports excluded:
—_—>
(n =594) Different outcomes (n = 141)
Different setting (n = 123)
Different patient population (n
— =215)

Studies included in meta-analysis

(n=16)

Figure 1. Study selection process according to the preferred reporting items for systematic review
and meta-analysis (PRISMA) statement.
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3.2. Study Characteristics

There were fifteen retrospective cohort studies [2,21-25,27-35] and one prospective
cohort study included in the meta-analysis [26]. In the study by Amrouche et al., the
desensitization process was begun on the day of transplantation, while, in other studies,
it began prior to transplantation. A high dose of IVIg of 2 g/kg was reported to have
been used in five studies [2,25,27,28,36], and a low dose of 100 mg/kg was used in five
studies [21,22,24,31,35]. One study by Stegall et al. reported using both low- and high-dose
IVIg; 48 out of 61 patients in the study received low-dose IVIg, and the rest received
high-dose IVIg [31]. The patients in the studies received between 1 and 21 sessions of
plasmapheresis, and the rituximab dose was 375 mg/m? in most of the studies.

Rabbit anti-thymocyte globulin was used as the induction agent in nine
studies [2,21,22,27,30-33,35], whereas basiliximab was used in five studies [24,26,28,29,34].
The study by Reilla et al. reported using thymoglobulin in 42% recipients and basiliximab
in 58% recipients [29]. Alemtuzumab was used only in one study by Kahwaji et al. [37].
Post-transplant immunosuppression was achieved with tacrolimus, mycophenolate mofetil,
and prednisone in all studies except for Santos et al.’s study, where cyclosporin, azathio-
prine, and prednisone were used in 6% of the patients, while the rest were on tacrolimus,
mycophenolate mofetil, and prednisone [30].

3.3. Patient Characteristics

A total of 459 patients underwent desensitization, 40% of whom were male while
59.2% were female. The mean age at transplant was 45 years (95% CI: 42.8-47.2; 12 73.9%).
Among the patients who had undergone desensitization, the cause of ESRD was diabetes
mellitus as a comorbidity in 16.9% of them (95% CI: 8-32.1; 12 77.9%), hypertension in 12.3%
(95% CI: 6.6-21.6; 12 44.7), glomerulonephritis in 24.7% (95% CI: 14.8-38.3; 12 67.7%), and
polycystic kidney disease in 8.5% (95% CI: 5.5-12.8; 12 0.0%). The mean dialysis vintage
was 42.2 months (95% CI: 17.8-66.6; 12 97.5%). Notably, Santos et al. reported a dialysis
vintage of 168 + 97.2 months in their cohort [30]. Since this last study was an outlier
with a significantly longer dialysis vintage, we also calculated the pooled dialysis vintage
excluding Santos et al.’s study, and the pooled rate was 31.3 months (95% CI: 7.1-55.4; 12
97.8%). The patient characteristics are shown in Table 1.

Among the patients undergoing desensitization, living donors comprised 89.4%
(95% CI: 53.4-98.4; 12 89.82%) of the cohort, and 52.0% (95% CI: 39.6-64.1; 12 67.3%) of the
patients were undergoing re-transplantation. The mean panel-reactive antibody (PRA) was
57.7 (95% ClI: 42.7-72.8; 12 96.7%). The complement-mediated cytotoxicity (CDC) cross-
match was positive in 68.3% of the subjects (95% CI: 43.5-85.8; 12 87%). The mean follow-up
period was 41.7 months (95% CI: 26.7-56.6; 12 98.1%). The outcomes of the included studies
are shown in Table 2.
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Table 1. Patient and study characteristics.

Study Year Study Period Country Total, n I?AiZIiYia;% Females, n Dlzlrzlslll/lso‘lii?\;?gel Re-Transplant, n Me:r?i’SD g;’;itsi;zt(c: 111), (1:1 FOll(()l\“/ioli}t’hI;irmd
Mean + SD Mean + SD
Amroucheetal. [2] 2017 2002-2009 France 95 46.6 +12.2 51 - - - 30 80.3 + 40.8
Bansal et al. [21] 2021 2014-2018 India 12 39.9 + 144 7 884152 0 - 0 26.6 + 139
De Szt‘Zi'égiorim 2015 2008-2014 Spain 24 41413 13 - 18 76 + 136 1 37 +27
Ishida et al. [23] 2021 2011-2020 Japan 41 52413 22 51.6 4 25.2 21 - 41 -
Jin et al. [24] 2012 2003-2009 Korea 7 514433 6 - - 417 +6.1 6 332454
Kahwaji et al. [25] 2016 2006-2010 USA 66 - 43 273 +261 33 714232 53 68 + 15
Keven et al. [26] 2013 - Turkey 5 40.4 +20.9 5 - 2 - 0 17
Loupy et al. [27] 2010 2002-2007 France 18 45+ 12 - - - 7 195493
Okada et al. [28] 2018 2012-2015 Japan 15 489 +13.7 9 4833 £459 7 - 15 39.6 + 12
Reilla et al. [29] 2014 2002-2010 USA 39 431413 27 - 27 478 +31 39 60
Santos et al. [30] 2014 1999-2013 Portugal 8 42412 6 168 + 97.2 6 62 + 36 - 29.8 +35.1
Stegall et al. [31] 2006 2000-2005 USA 61 46.1 +16.3 32 - - - - 60
ngng k[‘;ezl]ke 2008 2001-2007 USA 28 419+ 96 21 51.6 + 67.9 4 66.1+31.8 28 -
Yilmaz et al. [33] 2020 2011-2018 Turkey 16 35+ 12 8 - 11 53 437 14 39 +24
Yoon et al. [34] 2009 2003-2007 Korea 10 475484 7 - 3 - 6 52
Zhang et al. [35] 2011 2008-2010 China 14 436+ 74 6 - 10 - - -

Values are expressed as the mean =+ standard deviation or as the number (percentage) of subjects. Abbreviations: CDC—cytotoxicity crossmatch; and PRA—panel-reactive antibody.
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Table 2. Outcomes of the included studies.

Controls in the

Post-Transplant

1-Year
Death-Censored

5-Year
Death-Censored

1-Year Patient

5-Year Patient

transplantation

Study Total, n IVIg Dose Plasmapheresis Rituximab Dose Study Induction Agent Immuz;)::ppres- Graft Survival, Graft Survival, Survival, % Survival, %
% %
39 patients with Tac + MMF +
Amrouche et al. [2] 95 2g/kg 5-10 sessions 375 mg/m? an MFI between Thymoglobulin . 98% 86% 97% 85%
Prednisone
500 and 3000
. 200 mg, 2-3 weeks . Tac + MMF + o o B
Bansal et al. [21] 12 100 mg/kg 1-9 sessions before transplant None Thymoglobulin Prednisone 100% - 100%
. Two doses of 400 mg,
De Sousa-Amorim 24 100 mg/kg 1-21 sessions 3-4 weeks before None Thymoglobulin Tac + MMF + 91% 86% - 95.9%
etal. [22] . Prednisone
transplantation
. . 200 mg and 300 mg Tac + MMF + o : ) )
Ishida et al. [23] 41 2g/kg 3—4 sessions on two separate days None NR Prednisone 90%
2
Jin et al. [24] 7 100 mg/kg 6 sessions 375 mg/m?, 2 weeks None Basiliximab Tac + MMF + 100% 100% 100% 100%
before transplant Prednisone
" . 111 patients with Tac + MMF +
Kahwaji et al. [25] 66 2g/kg 5 sessions 1gm alow PRA Alemtuzumab Prednisone - 90.6% - 94%
200 mg,
Keven et al. [26] 5 NR 2 sessions one day before None Basiliximab Tac + MMF * 100% - 100% -
. Prednisone
transplantation
36 patients Tac/Cyclosporin +
i 2 ; ; o _ o R
Loupy et al. [27] 18 2g/kg 9 sessions 375 mg/m repelvgd no Thymoglobulin MMEF 4 Prednisone 88.9% 94.5%
rituximab
300 mg one month 229
Okada et al. [28] 15 2g/kg 24 sessions before and 200 mg crossmatch-ve, Basiliximab Tac + MMF + 86.7% - 93.3% -
the day before Prednisone
. DSA -ve
transplantation
Basiliximab
375 mg/m?, o
Reilla et al. [29] 39 NR Average of one day before None (58%), Tac + MMF + 94% 84% 95% 86%
5.6 sessions . Thymoglobulin Prednisone
transplantation >
(42%)
8 patients with a
positive flow Tac + MMF + Pred-
- . 2 cytometry . nisone/Cyclosporine o o o B
Santos et al. [30] 8 NR 3-9 sessions 375 mg/m crossmatch who Thymoglobulin + Azathioprine + 100% 71% 88%
were not Prednisone
desensitized
375 mg/m? . .
. ¢ 13 patients high . Tac + MMF + o o,
Stegall et al. [31] 61 100 mg/kg 4-5 sessions 4-7 days before lose IVIg Thymoglobulin Prednisone 82% - 93% -
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Table 2. Cont.

Controls in the

Post-Transplant

1-Year
Death-Censored

5-Year
Death-Censored

1-Year Patient

5-Year Patient

Study Total, n IVIg Dose Plasmapheresis Rituximab Dose Study Induction Agent Immuz;)::ppres- Graft Survival, Graft Survival, Survival, % Survival, %
% %
22 patients who
. were not African
West-Thielke et al. 28 NR 1-4 sessions 375 mg/m? Americans with Thymoglobulin Tac+ MMF + 82.6% - 91% -
[32] " Prednisone
a positive
crossmatch
33 patients
Yilmaz et al. [33] 16 NR Average of 375 mg,/m? received no Thymoglobulin Tac + MMF + 93.8% 85.2% 100% 100%
3.5 sessions . Prednisone
rituximab
375 mg/m?,
Yoon et al. [34] 10 NR 6 sessions one day before None Basiliximab T;feg%x:; 90% : 100% ;
transplantation
375 mg/m?, one
Zhang et al. [35] 14 100 mg/kg 4-5 sessions Vgikf:yf‘;’r:fgi‘ed None Thymoglobulin Tac s MME + 92.8% - 100% -

transplantation

Abbreviations: DSA—donor-specific antibodies; IVIg—intravenous immunoglobulin; NR—not reported; MMF—mycofenolate mofetil; and Tac—tacrolimus.
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3.4. Outcomes

The 1-year death-censored graft survival rate was 88.9% (95% CI: 84.8-92; 12 0%), and
the 5-year death-censored graft survival rate was 86.1% (95% CI: 81.2-89.9; 12 0%). The
1-year patient survival rate was 94.2% (95% CI: 91-96.3; 12 0%), and the 5-year patient
survival rate was 88.9% (95% CI: 83.5-92.7%; 12 7.7%). The forest plots are shown in
Figures 2 and 3.

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit
Amrouche et al. 0.980 0.921 0.985 —
Bansal et al. 0.962 0.597 0.998
De Sousa-Amorim et al. 0.910 0.714 0.976 ——
Ishida et al. 0.900 0.764 0.961 ——
Jin et al. 0.938 0.461 0.996
Keven et al. 0.917 0.378 0.985
Loupy et al. 0.889 0.648 0.972 ———
Okada et al. 0.860 0.588 0.964 ———
Reilla et al. 0.940 0.807 0.983 ——
Santos et al. 0.944 0.495 0.987
Stegall et al. 0.820 0.703 0.897 i
West-Thielke et al. 0.826 0.641 0.927 ———
Yoon et al. 0.900 0.533 0.986 —————
Zhang et al. 0.928 0.629 0.920
Pooled 0.889 0.848 0.920 <
0.00 0.25 0.50 0.75 1.00

Between study : Tau-0.0, Tau2- 0.0
Heterogeneity : Q value - 12.69, df(Q) - 13, p-value - 0.472,12-0.0

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit

Amrouche et al. 0.860 0.775 0.916 -
De Sousa-Amorim et al. 0.860 0.660 0.951 o
Jin et al. 0.938 0.461 0.996
Kahwaiji et al. 0.900 0.801 0.953 i~
Reilla et al. 0.840 0.690 0.925 il
Santos et al. 0.710 0.347 0.919 &
Yilmaz et al. 0.850 0.590 0.957 ———
Pooled 0.861 0.812 0.899 L 2

0.00 025 050 0.75 1.00

Between study : Tau - 0.0, Tau2- 0.0
Heterogeneity : Q value - 2.775, df(Q) - 6, p-value - 0.836, 12 - 0.0

Figure 2. Forest plots of graft outcomes (death-censored): (A). 1-year graft survival and (B). 5-year
graft survival Amrouche et al. [2], Bansal et al. [21], De Sousa-Amorim et al. [22], Ishida et al. [23],
Jin et al. [24], Kahwaji et al. [25], Keven et al. [26], Loupy et al. [27], Okada et al. [28], Reilla et al. [29],
Santos et al. [30], Stegall et al. [31], West-Thielke et al. [32], Yilmaz et al. [33], Yoon et al. [34] and
Zhang et al. [35]. Abbreviation: CI, confidence interval.
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Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit

Amrouche et al. 0.970 0.909 0.991 |
Bansal et al. 0.962 0.597 0.998
Jin et al. 0.938 0.461 0.996
Keven et al. 0.917 0.378 0.995
Loupy et al. 0.945 0.694 0.992
Okada et al. 0.930 0.646 0.990 ———
Reilla et al. 0.950 0.818 0.988 e
Santos et al. 0.880 0.465 0.984
Stegall et al. 0.930 0.832 0.973 i
West-Thielke et al. 0.905 0.729 0.971 ——
Yilmaz et al. 0.971 0.664 0.998
Yoon et al. 0.955 0.552 0.997
Zhang et al. 0.967 0.634 0.998
Pooled 0.942 0.910 0.963 4

0.00 0.25 0.50 0.75 1.00

Between study : Tau- 0.0, Tau2- 0.0
Heterogeneity : Q value - 3.378, df(Q) - 12, p-value -0.992, 12- 0.0

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit

Amrouche et al. 0.850 0.763 0.909 -
De Sousa-Amorim et al. 0.950 0.752 0.992 pr——
Jin et al. 0.938 0.461 0.996
Kahwaji et al. 0.940 0.850 0.977 i
Reilla et al. 0.860 0.713 0.938 il
Yilmaz et al. 0.971 0.664 0.998
Pooled 0.889 0.835 0.927 <

0.00 0.25 0.50 0.75 1.00

Between study : Tau-0.171, Tau2- 0.029
Heterogeneity : Q value - 5.423, df(Q) - 5, p-value - 0.367,12-7.79

Figure 3. Forest plots of patient outcomes: (A). 1-year patient survival and (B). 5-year patient survival
Amrouche et al. [2], Bansal et al. [21], De Sousa-Amorim et al. [22], Jin et al. [24], Kahwaji et al. [25],
Keven et al. [26], Loupy et al. [27], Okada et al. [28], Reilla et al. [29], Santos et al. [30], Stegall et al. [31],
West-Thielke et al. [32], Yilmaz et al. [33], Yoon et al. [34] and Zhang et al. [35]. Abbreviation: CI,
confidence interval.

All the studies reported that the post-transplant biopsies had been conducted as per
their institution’s protocol. The rate of antibody-mediated rejection was 37.7% (95% CI:
25-52.3; 12 80.3%), and the rate of acute cell-mediated rejection was 15.1% (95% CI: 9.1-24;
12 55%). Transplant glomerulopathy was present in 21.9% of the cases (95% CI: 10.2-41; 12
74.57%). The forest plots are shown in Figure 4.
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Study name Statistics for each study Event rate and 95% ClI
Event Lower Upper
rate limit limit
Amrouche et al. 0.326 0.240 0.427 o
De Sousa-Amorim et al. 0.750 0.544 0.883
Ishida et al. 0512 0.363 0.660
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Kahwaiji et al 0.061 0.023 0.151 i
Keven et al. 0.200 0.027 0.691
Okada et al. 0.600 0.348 0.808 .
Reilla et al 0615 0.456 0.753 s =
Santes et al 0.375 0.125 0.715 L
Stegall et al. 0426 0.309 0.552 ———
Zhang et al. 0.143 0.036 0.427 et —
Pooled 0377 0.250 0.523 el

0.00 0.25 0.50 0.75 1.00

Between study : Tau - 0.829, Tau2- 0.687
Heterogeneity : Q value - 50.88, df(Q) - 10, p-value - <0.001, 12 - 80.34

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit
Amrouche et al 0.116 0.085 0.197 -
Bansal et al. 0.083 0.012 0.413
De Sousa-Amorim et al. 0.208 0.089 0.413 ) —
Ishida et al. 0.341 0214 0.497 =——
Jinetal. 0.06e3 0.004 0.539
Kahwaji et al. 0.015 0.002 0.100 —
Keven et al. 0.200 0.027 0.691
Reilla et al. 0231 0.125 0.387
Yilmaz et al. 0.063 0.009 0.335
Zhang et al. 0.143 0.036 0.427 i t—
Pooled 0.151 0.091 0.240 L =

Between study : Tau-0.620, Tau2- 0.385
Heterogeneity : Q value - 20.02, df(Q) - 9, p-value - 0.018, 12 - 55.04

0.00

0.25 0.50 0.75

1.00

Study name

De Sousa-Amorim et al.

Kahwaiji et al.
Reilla et al.
Pooled

Statistics for each study

Event
rate
0.125
0.167
0.385
0.219

Between study : Tau - 0.681, Tau2- 0.464
Heterogeneity : @ value - 7.866, df(Q) - 2, p-value - 0.020, 12- 74.57

Lower
limit
0.041
0.095
0.247
0.102

Upper
limit
0.324
0.276
0.544
0.410

000 025 050 075

Event rate and 95% CI

1.00

Figure 4. Forest plots: (A). antibody-mediated rejection; (B). acute cell-mediated rejection; and
(Q). transplant glomerulopathy. Amrouche et al. [2], Bansal et al. [21], De Sousa-Amorim et al. [22],
Ishida et al. [23], Jin et al. [24], Kahwaji et al. [25], Keven et al. [26], Okada et al. [28], Reilla et al. [29],
Santos et al. [30], Stegall et al. [31], Yilmaz et al. [33] and Zhang et al. [35]. Abbreviation: CI,

confidence interval.
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Among the infections reported, UTI was present in 17.1% of the patients (95% CI:
4.5-47.6; 12 81.5%), CMV infections in 8.7% (95% CI: 5.2-14.1; 12 0%), and BK nephropathy
in 10% (95% CI: 6-16.2; 12 0). The forest plots are shown in Figure 5. Table 3 summarizes
the pooled outcomes. A further analysis using a control arm was not carried out as the
studies with controls had different definitions for the controls.

A

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit

Bansal et al. 0.167 0.042 0477 —i—
De Sousa-Amorim et al. 0.833 0.631 0.936
Keven et al. 0.083 0.005 0.622
Okada et al. 0.031 0.002 0.350 e
Reilla et al. 0.154 0.071 0.303 -
Santos et al. 0.056 0.003 0.505
Yoon et al. 0.100 0.014 0.467 -
Pooled 0.171 0.045 0476 <

Between study : Tau - 1.708, Tau2- 2.918
Heterogeneity : Q value - 32.47, df(Q) - 6, p-value - <0.001, 12 - 81.52

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit
Bansal et al. 0.083 0.012 0413
De Sousa-Amorim etal.  0.125 0.041 0.324 it
Kahwaji et al. 0.061 0.023 0.151 -
Keven et al. 0.083 0.005 0.622
Okada et al. 0.200 0.066 0470 el
Reilla et al. 0.051 0.013 0.183 l—
Santos et al. 0.056 0.003 0.505
Yilmaz et al. 0.029 0.002 0.336
Pooled 0.087 0.052 0.141 L 2

0.00 025 050 075 1.00
Between study : Tau - 0.0, Tau2- 0.0
Heterogeneity : Q@ value - 4.59, df(Q) - 7, p-value - 0.709, 12- 0.0

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit
Kahwaiji et al. 0.121 0.062 0.224 =
Keven et al. 0.083 0.005 0.622
Okada et al. 0.031 0.002 0.350
Reilla et al. 0.103 0.039 0.243 -
Santos et al. 0.056 0.003 0.505
Yilmaz et al. 0.029 0.002 0.336
Pooled 0.100 0.060 0.162 &

000 0.25 050 0.75 1.00
Between study : Tau - 0.0, Tau2- 0.0

Heterogeneity : Q value - 2.101, df(Q) - 5, p-value - 0.835, 12 - 0.0
Figure 5. Forest plots of infections: (A). urinary tract infections (UTI); (B). cytomegalovirus infec-
tions (CMV); and (C). BK polyoma nephropathy. Bansal et al. [21], De Sousa-Amorim et al. [22],
Kahwaji et al. [25], Keven et al. [26], Okada et al. [28], Reilla et al. [29], Santos et al. [30],
Yilmaz et al. [33] and Yoon et al. [34]. Abbreviation: CI, confidence interval.
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Table 3. Summary of pooled rates.

Outcome

Pooled Rate 95% Confidence Heterogeneity

No. of Studies Reporting

Total No. of Patients in

(%) Interval (%) the Outcome the Studies
1-year graft survival 88.9 84.8-92 0 14 377
5-year graft survival 86.1 81.2-89.9 0 7 255
1-year patient survival 94.2 91-96.3 0 13 328
5-year patient survival 88.9 83.5-92.7 7.7 6 247
Antibody-mediated rejection 37.7 25-52.3 80.3 11 375
Acute cell-mediated rejection 15.1 9.1-24 55 10 319
Urinary tract infections 17.1 4.5-47.6 81.5 7 113
Cytomegalovirus infections 8.7 5.2-14.1 0 8 185
BK nephropathy 10 6-16.2 0 6 149
3.5. Quality Assessment and Risk of Bias
The studies scored between 4.5 and 6.5 points on the NOS. A total of 11 studies were
of a high quality [2,21-25,27-29,31,32], and the others were of a medium quality. Table 4
shows the quality assessment results and the risk of bias scoring.
Table 4. Quality assessment of the studies using the Newcastle—Ottawa Quality Assessment Form.
Repfrels‘engativeness ; Outcome Not dd ’ d " d .
of the Average : Information Additional Adequate Follow-U; Adequacy o
Adult in 8 Cohort Size on Outcomes Presstil:: at Intervention Asses%ment Time P Folflow-l%p
Community
All Patients Max 7,
Study . Followed-Up: 1; Il\-gllgc}ll >5,
11.’0Mpulltz§ticon-£5a.s%d5:‘ PatiZi[:s: 1; V\}irt‘lflogli:\:it:;'):nl; Not Present: 1; Yes: 1: No: 0 Yes: 1: No: 0 Yes: 1; Not Foll;‘?v(:e/(ll)-Up: 3—5IEL';l‘i’m<3
oy u 1" Ce“ ter.. o 39t020:05; Information Present: 0 es: 1y No: es: Iy No: Mentioned: 0 0.5; <50%
ingle-Center: <20: 0 Derived: 0.5 Followed-Up OR
Not Mentioned:
0

Amrouche
etal [2] 0 1 1 0 1 1 1 1 6

Ba“f;'l]e" al. 0 0 1 0 1 1 1 1 5
De Sousa-

Amorim 0 05 1 1 1 1 1 1 65
etal. [22]

IShi?zaB]e‘ al 0 1 1 1 1 1 1 0 6
]i“[;j]al' 0 0 1 0 1 1 1 1 5
Kahwaji
ctal [25] 0 1 1 0 1 1 1 1 6

Kevfz'})]e‘ al. 0 0 1 0 1 0 1 1 4

L°“f?;]et al 0 0 1 0 1 1 1 1 5

Okaca etal. 0 0 1 0 1 1 1 1 5

Reil[lza(ﬁt al. 0 05 1 0 1 1 1 1 5.5

Santoe et al. 0 0 05 1 1 0 1 1 45

Steg[a;het al 0 1 0.5 1 1 1 1 1 6

West-
Thie%ke]et al. 0 05 1 1 1 1 1 1 65
32

¥ilmag etal. 0 0 05 1 1 0 1 1 45

Yoan gtal. 0 0 05 1 1 0 1 1 45

Zhang et al. 0 0 0.5 1 1 0 1 1 45

[35]
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3.6. Heterogeneity

Both the Q statistic and the I2 statistics were used to assess heterogeneity. When the
Q statistic detected the presence of heterogeneity in an analysis, we used the I? statistics
to determine its degree. We concluded that the degree of heterogeneity was small during
estimations of graft, patient survival, CMV infections, BK viremia, and BK nephropathy.
Heterogeneity was considerable in the other effect sizes estimated, as they exceeded 75%.

3.7. Sensitivity Analysis

A sensitivity analysis was performed to ascertain whether an individual study exerted
a dominant effect on the effect size. Each study was systematically excluded, and the effect
size was assessed to observe the impact of the excluded study on the summary estimate.
Except for the pooled duration of dialysis, we did not find that a single study influenced
the summary effect sizes. Figure 6 shows the sensitivity analysis.

Stud[ name Statistics with study remaved Event rate [85% C-HWIIH study removed
Lower Upper
Point limit limit

Amrouche et al. 0.876 0.831 081 -

Bansal &t al. 0.887 0.846 0.91% =

Da Sousa-Amorim et al.  0.880 0.848 0.823 L]

Ishida et al. 0.891 0.845 0.925 =

Jin et al. 0.880 0.848 0.822 -

Keven etal 0.5881 0.849 0.823 =

Loupy et al 0.843 0.843 0,928 -

Okada et al. 0.884 0.851 0.925 =

Reilla at al. 0.884 0.840 0.817 -

Santos et al. 0.880 0.847 0.821 -

Stegall el al 0.911 0.869 0.940 -

West-Thielke et al. 0.887 0.855 0.827 L J

Yoon et al. D.8g2 0.849 0.924 =

Zhang st al 0 880 0.847 0822 -

Pooled 0.889 0.848 0.920 <>

0.00 025 0.50 0.75 1.00
Study name Event rate (95% CI}
Lower Upper with study removed
Point limit limit
Amrouche et al. 0.861 0.797 0.908 -
De Sousa-Amorim et al. 0.861 0.809 0.900 L |
Jinetal. 0.859 0.808 0.898 L ]
Kahwaiji et al. 0.849 0.790 0.894 L ]
Reilla et al. 0.865 0.812 0.905 L ]
Santos et al. 0.867 0.818 0.904 E ]
Yilmaz et al. 0.862 0.811 0.900 L ]
Pooled 0.861 0.812 0.899 L 2
000 025 050 075 1.00

Figure 6. Cont.
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SLUCI:[ name Statistics with S(le'_lf remaoved Event rate (95% CI J with study removed
Lower Upper
Point limit limit
Amroushe et al. 0.934 0.893 0.980 L |
Bansal et al. 0.941 0.908 0.983 [ ]
Jin et al 0.942 0.809 0884 [ ]
Keven et al. 0.943 0.810 0.964 [ |
Loupy at al. 0.242 0.808 0.964 [ |
Okada et al 0.943 0.609 0.064 L
Reilla et al, 0.941 0.406 0.964 L]
Santos et al. 0.944 0.812 0.965 ||
Stegall et al. 0.945 0.809 0.988 [ |
VWest-Thielke et al. 0.947 0.914 0.968 [ ]
Yilmaz et al 0.941 0.807 08863 a
Yaon at al. 0.942 0.808 0.863 [ ]
Zhang at al. 0.941 0.808 0.883 [ ]
Pooled 0.942 0.610 0.063 L
0.00 0.25 0.50 0.75 1.00
Study name Event rate (95% CI})
Lower Upper with study removed
Point limit limit
Amrouche et al. 0.918 0.856 0.952 L |
De Sousa-Amorim et al. 0.884 0.825 0.925 L]
Jin et al. 0.893 0.830 0.934 e ]
Kahwaiji et al. 0.870 0.809 0.913 4
Reilla et al. 0.907 0.837 0.949 -
Yilmaz et al. 0.885 0.829 0.924 L ]
Pooled 0.889 0.835 0.927 L 2

000 025 050 075 1.00

Figure 6. Forest plots of sensitivity analysis: (A). 1-year graft survival; (B). 5-year graft survival;
(©). 1-year patient survival; and (D). 5-year patient survival. Amrouche et al. [2], Bansal et al. [21],
De Sousa-Amorim et al. [22], Ishida et al. [23], Jin et al. [24], Kahwaji et al. [25], Keven et al. [26],
Loupy et al. [27], Okada et al. [28], Reilla et al. [29], Santos et al. [30], Stegall et al. [31],
West-Thielke et al. [32], Yilmaz et al. [33], Yoon et al. [34] and Zhang et al. [35].

3.8. Publication Bias

Our analysis of publication bias by visual inspection showed a potential publication
bias due to the presence of asymmetry. Therefore, Egger’s test was performed, and a
regression intercept gave a one-tailed p-value of 0.029, which also indicated a possible
publication bias. Consequently, we conducted a further analysis using Duval and Tweedie’s
“Trim and Fill” method and the missing studies were calculated using the random-effects
model. The point estimate did not differ significantly when the adjusted values were
calculated, indicating that publication bias was not present. The funnel plot with the
observed and imputed studies is shown in Figure 7.
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Figure 7. Funnel plots for the analysis of publication bias: (A). only the included studies, with
Egger’s test for a regression intercept giving a one-tailed p-value of 0.029, indicating evidence of
publication bias (the intercept (B0) is —2.349, 95% confidence interval (—4.80, 0.102), with t = 2.05,
df = 14, and the two-tailed p-value is 0.059); (B). both the included and imputed studies by the “Trim
and Fill” method, whereby, with the imputed studies, the effect size did not differ significantly from
the previous effect size.

4. Discussion

Our meta-analysis included 16 studies with 459 patients who were highly HLA-
sensitized, showing favorable grafts and patient outcomes after desensitization with IVIg,
plasmapheresis, and rituximab after 1 and 5 years. We also noted a considerable variability
in the protocols used by the individual centers for desensitization.

There is significant variability in how class I and class II anti-HLA antibodies influence
the incidence of rejection. Combining T and B cell-depleting agents to reduce HLA anti-
bodies, commonly reported as PRA, has been a common strategy for treating individuals
who are highly sensitized [38]. The two common IVIg dosing regimens for patients who
are HLA-incompatible are a high dose of 2 g/kg and a lower dose of 100 mg/kg [31]. Our
meta-analysis included studies using either regimen. There are currently no randomized
controlled trials that compare the use of low-dose IVIG and plasmapheresis with high-dose
IVIG for desensitization. However, one retrospective study by Stegall et al. compared
different desensitization therapies in living-donor transplant recipients with a positive T
cell CDC crossmatch. Low-dose IVIG (100 mg/kg) combined with plasmapheresis proved
more effective compared to high-dose IVIG (2 g/kg) alone when the T cell CDC crossmatch
was positive at intermediate titers (1:8 to 1:16). The chances of effective desensitization
decreased when the T cell CDC crossmatch was positive at a high titer (1 > 32) [31]. High
doses of IVIG used pre transplant in individuals who are highly sensitized have been asso-
ciated with certain adverse effects, including aseptic meningitis, thrombotic events, and
bronchospasm. Hemolytic anemia has also been observed with IVIG. Chromatographically
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derived IVIG products contain anti-A and anti-B antibodies in a high titer and can even
cause hemolysis [39].

Plasmapheresis removes anti-HLA antibodies, which are immunoglobulin G molecules
(IgG) [6]. Numerous studies have reported differences in the occurrence of AbMR after
plasmapheresis, which are attributable to the intensity of the circulating DSA. Patients who
are CDC crossmatch-positive, therefore, have high incidences of AbMR, followed by other
groups, such as high and low fluorescence crossmatch levels [29,40].

In patients treated with rituximab, HLA antibody rebound has been found to occur
less frequently and with a lower intensity [9]. Like all immunomodulators, rituximab has
been associated with increased infections due to its effects on depleting B cells In highly
sensitized, ABO-incompatible renal transplant recipients who received rituximab plus IVIg
compared to non-sensitized, ABO-compatible recipients without any pretreatment, the most
common infections were bacterial infections (~50%), followed by viral infections (~25%)
and fungal infections (~5%), although there was no significant difference found in the two
groups [37].]. Also, in a study of renal transplant patients treated with rituximab for various
post-transplant conditions, approximately 9% experienced infectious complications [41].
Obinutuzumab is a more efficient anti-CD20 antibody in decreasing the MFI of anti-HLA,
but one-third of the patients in a study had severe adverse infectious events [42].

A novel therapy under evaluation is the IgG-degrading enzyme of Streptococcus
pyogenes (IdeS), a cysteine endopeptidase which cleaves the lower hinge region separating
the F(ab’)2 and Fc fragments. This proteolytic activity prevents complement-mediated
injury and antibody-dependent cellular cytotoxicity, thus decreasing the immune response
and AbMR. Based on a combined open-label phase I-1I trial in the United States and Sweden,
24 out of the 25 recipients who were highly sensitized received successful renal transplants
after desensitization with IdeS; one patient had a hyperacute rejection attributed to IgM,
IgA, and non-HLA antibodies [43]. Further studies on the efficacy of IdeS are underway,
with larger studies and long-term outcome data needed to fully assess its effectiveness.

Although the revamped kidney allocation system in the USA and Europe was designed
to alleviate the limited access to deceased donors and decrease the wait times for patients
who are highly sensitized, the wait times for patients with high levels of cPRA remain
longer compared to patients who are unsensitized [5]. Desensitization effectively addresses
the issue of HLA incompatibility and reduces the disparities among recipients awaiting
transplantation. Since HLAI is superior to dialysis, these methods offer a solution to
decrease the extended wait times [4].

Our study has several limitations. Most of the studies reviewed were retrospective
in nature and relied on the accuracy of the data collected, which may have led to gaps
in information. It is probable that only a select group of transplant recipients undergo
desensitization, suggesting that the results may not be universally applicable. Additionally,
heterogeneity was noted in some summary effect sizes. These instances are attributable
to the varying PRA levels, different methodologies, timings from desensitization to trans-
plantation, and the presence of other factors affecting graft and patient outcomes. The
assay used for CDC crossmatch may vary between different centers. Most of the patients in
our meta-analysis underwent living-donor transplantation, and the variables associated
with better outcomes of living-donor transplantations were not included. It is possible
that less favorable outcomes could be seen in cases of cadaveric-donor transplantations.
Also, factors such as hypogammaglobulinemia due to T cell depletion therapy could in-
fluence graft and patient survival. Despite having analyzed the potential of publication
bias, given that the studies in our meta-analysis are underpowered, some other studies on
this topic may have resulted in non-significant results and, consequently, not have been
published. Published studies on this topic may disproportionately represent studies with
positive findings, and a meta-analysis could result in overestimating the effect sizes. We
also reported the rates of UTL, CMV, and BK infections, but further studies are needed to
see if these rates differ in patients not undergoing desensitization. Lastly, the donor and
recipient factors affecting outcomes such as cold ischemia time, development of new DSA,
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and compliance rates are different in these studies. Therefore, prudence must be observed
while interpreting these results.

To our knowledge, this is the first meta-analysis to assess the outcomes of HLA
desensitization using IVIg, plasmapheresis, and rituximab. We report the pooled outcome
rates among 459 patients from different countries, which is a strength of this study. In
our study, a higher percentage of patients were CDC crossmatch-positive (68.3%), and a
majority of them underwent living-donor transplantation (89.4%), with a follow-up period
of 41.7 months. Although the different studies used in our analysis were heterogeneous,
this study represents the current data available on these patients” outcomes.

Opverall, there were favorable outcomes with desensitization in a select group of trans-
plant recipients, adding valuable data on allograft and patient outcomes. Meticulous
patient selection, high-quality care, and ongoing monitoring are crucial for the graft and pa-
tient outcomes of patients who are highly HLA-sensitized. Further randomized controlled
trials are needed to investigate the effectiveness of desensitization.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/1ife14080998 /s1: Table S1: The Query and the search results for each
database, Table S2: MOOSE Checklist for Meta-analyses of Observational Studies [44] and Table S3:
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement [45].
References [44,45] are cited in the supplementary materials.
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