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Double Pretransplant Positivity for 
Autoantibodies to LG3 and Angiotensin II Type 
1 Receptor Is Associated With Alloimmune 
Vascular Injury in Kidney Transplant Recipients
Robert Carroll, MD, (A)ACHI,1,2 Julie Turgeon, PhD,3,4 Sue Deayton, BSc (Hons),2 Tim Emery, BSc,2  
Fiona Bilogrevic, Certificate,2 Sadia Jahan, MD,5 Annie Karakeussian Rimbaud, BSc,3 Barbara Georges, MD,6 

Alexandre Tavares-Brum, BSc,3 Marie-Josée Hébert, MD,3,4,6,7 and Héloïse Cardinal, MD, PhD3,4,6,7

Kidney allograft rejection with vascular involvement, 
especially when antibody-mediated, is associated with 

poor response to current antirejection treatment and shorter 
graft survival.1 Although donor-specific antibodies (DSAs) are 
associated with microvascular damage in kidney transplant 
recipients, a role for non-HLA antibodies and autoantibodies 

in mediating allograft vascular injury is gaining increasing 
attention.2,3 Antiangiotensin 2 type 1 receptor autoantibod-
ies (ATRabs) have been linked to severe endarteritis in kidney 
transplant recipients and produced a similar phenotype when 
passively transferred in an animal model of kidney transplan-
tation.2 Anti-LG3 autoantibodies have been linked to rejection 
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Background. Both angiotensin II receptor autoantibodies (ATRabs) and autoantibodies to LG3 have been linked to 
kidney graft rejection with alloimmune vascular injury (AVI). We aimed to examine whether positivity for both anti-LG3 and 
ATRabs is associated with rejection with AVI in kidney transplant recipients. Methods. We performed a retrospective 
cohort study including consecutive kidney transplant recipients between 2013 and 2017 at a single center. The primary 
outcome was acute rejection with AVI (Banff grade 2 or 3 T-cell-mediated rejection and/or antibody-mediated rejection) 
in the first 3 mo posttransplant. The secondary outcome was death-censored allograft loss. The independent variables, 
anti-LG3 and ATRab, were measured pretransplant. Results. Among the 328 study participants, 68 experienced acute 
rejection with AVI and 23 experienced graft loss over a median follow-up of 4.5 y. In a multivariable model, double pretrans-
plant positivity for anti-LG3/ATRab was associated with acute rejection with AVI (odds ratio: 2.73, 95% confidence interval: 
1.06-7.05). We did not observe an association between double positivity for anti-LG3/ATRab and death-censored graft loss. 
Conclusions. Double positivity for anti-LG3/ATRabs pretransplant is associated with a higher risk of acute rejection with 
AVI. Whether therapies that remove antibodies could decrease that risk remains to be studied. Supplemental Visual Abtract: 
http://links.lww.com/TXD/A494.
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with endarteritis in kidney transplant recipients and enhanced 
vascular injury and inflammation when passively transferred 
in a murine model of major histocompatibility complex-mis-
matched aortic transplantation.3

Both ATRab and anti-LG3 have been linked to poorer 
graft survival in liver repeat transplants, wherein a synergistic 
adverse impact on graft survival was also noted in patients 
who were both anti-LG3 and ATRab positive pretransplant.4,5 
A synergistic interaction between DSA and ATRab has also 
been reported, where the presence of both DSA and ATRab 
was associated with an increased risk rejection and poorer 
kidney graft survival.6 Furthermore, our group has previously 
shown that in patients with rejection affecting the allograft 
vasculature, the presence of both DSA and anti-LG3 was 
associated with poorer graft survival.3 Here, we ask whether 
the presence of ATRab and anti-LG3 is associated with an 
increased risk of rejection with alloimmune vascular injury 
(AVI) and whether this translates into poorer graft survival.

MATERIALS AND METHODS

Patients
We performed a retrospective cohort study including all 

consecutive adult patients who received a kidney transplan-
tation at the Royal Adelaide transplant center, Australia, 
between January 1, 2013, and December 31, 2017. Recipients 
of combined organ transplants were excluded, as well as 
those with no biological material to measure anti-LG3 levels. 
Recipients were followed until death, graft loss or May 29, 
2020, whichever occurred first. Patients who died or who had 
early nonimmunological loss within the first 3 mo posttrans-
plant were excluded. The standard maintenance immunosup-
pression protocol includes tacrolimus, mycophenolate mofetil 
and corticosteroids in decreasing doses, continuing with pred-
nisone 5–7.5 mg/d over the long-term. Basiliximab is used 
as standard induction for low immunological risk patients, 
whereas those at high immunological risk because of clinically 
significant pretransplant DSA (usually approaching 4000 MFI 
or multiple low-level DSA) or ABO-incompatibility (>1:16 
titer) have received plasma exchange and thymoglobulin, or 
as part of a trial, thymoglobulin and eculizumab. Patients 
with weak pretransplant DSA (1000 to <4000 MFI) or low 
anti-ABO titer (<1:16) received standard induction. Starting 
in November 2014, all patients with ATRab >25 U/mL were 
treated with thymoglobulin 3 mg/kg and 1 plasma volume 
plasma exchange preoperative and 2 postoperative, with a 
mix of fresh–frozen plasma and albumin. Recipients of living 
donors with ATRab > 25 U/mL were given 3 plasma exchange 
sessions before transplant. Patients with ATRab 17–25 U/mL 
were treated with thymoglobulin but not plasma exchange. 
All patients with >17 U/mL were also treated with 4–16 mg of 
candesartan peri- and postoperatively as tolerated.7 The pro-
ject was approved by the Royal Adelaide ethics review board 
committee (project number HREC/13/RAH/494).

Measurements
The primary outcome was the occurrence of acute rejection 

with AVI, defined as Banff grade 2 or 3 cell-mediated rejection 
and/or antibody-mediated rejection, occurring in the first 3 mo 
posttransplant. We also included cases of microvascular inflam-
mation (ie, histology suggestive of antibody-mediated rejection 
but not meeting the 3 criteria) as suspected antibody-mediated 

rejections. Rejections were reclassified according to the Banff 
2019 classifications8 as Banff lesions were available to reclas-
sify rejections that had been scored according to previous 
Banff versions. The secondary outcome was death-censored 
graft survival, defined as time between transplantation and 
return to dialysis or retransplantation, whichever occurred 
first. Patients who died with graft function were censored at 
the time of death without having had an event.

The independent variables were anti-LG3 and ATRabs, 
measured once on pretransplant sera. Anti-LG3 were meas-
ured with a locally developed ELISA as described previously.3 
Anti-LG3 levels were classified as elevated when above the 
median.3 ATRabs were measured pretransplant using an 
ELISA Immunoassay kit (One Lambda, Canoga Park, CA) fol-
lowing published protocol9 and performed by the Australian 
Red Cross Blood Service (ARCBS) in Adelaide. We used a cut-
off of 17 for ATRab positivity, as recommended by the manu-
facturer. We first classified patients in 4 groups according to 
the presence of both autoantibodies (group 1: positivity for 
both anti-LG3 and ATRab, group 2: positivity for anti-LG3 
but not ATRab, group 3: positivity for ATRab but not anti-
LG3, group 4: both anti-LG3 and ATRab negative). Clinical 
data on donor (age, type [living, neurologically deceased, 
donation after cardiocirculatory arrest], HLA type), recipient 
(age, sex, race, first transplant, chronic kidney disease), HLA 
type, immunological risk (ABO- and/or DSA-incompatible, 
pretransplant and peak panel reactive antibodies), induction 
and maintenance immunosuppression, delayed graft function, 
and procedure (date/era, cold ischemic time) characteristics 
were collected through hospital chart review.

Statistical Analyses
Continuous variables are reported as means and standard 

deviations or medians and interquartile ranges, depending on 
their distribution. Categorical variables are summarized as 
proportions. We analyzed between-group crude differences in 
nonnormally distributed continuous variables with Wilcoxon 
rank-sum (or Kruskal–Wallis) tests or with ANOVAs/T tests 
when normally distributed. We performed chi-square (or 
Fisher’s exact) tests to analyze the between-group differences 
in categorical variables. We evaluated correlations between 
continuous variables using Spearman correlation coefficients. 
For the first primary outcome, we fit a logistic regression 
model wherein the dependent variable was the occurrence of 
acute rejection with AVI, and the main exposure was posi-
tivity to pretransplant anti-LG3 and to ATRab (versus posi-
tivity to anti-LG3 alone, to ATRab alone or to neither). We 
then explored whether the association between pretransplant 
positivity for anti-LG3/ATRab was different in patients who 
received or did not receive induction therapies that had an 
impact on the level (plasma exchange) or the action (eculi-
zumab) of autoantibodies by presenting subgroup analyses. 
We also performed sensitivity analyses excluding (1) 100 
ABO-incompatible, DSA-incompatible transplants with any 
high- or low-level DSA pretransplant and (2) 6 suspected cases 
of antibody-mediated rejection. We assessed the association 
between death-censored graft loss and pretransplant positiv-
ity for anti-LG3/ATRab by fitting a Cox regression model. To 
adjust for confounding, in all models, we examined the asso-
ciation between all covariates listed above and (1) the expo-
sure (pretransplant high anti-LG3 antibodies and high ATRab) 
and (2) the outcome for each aim (acute rejection with AVI, 
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death-censored graft survival). To account for confounding in 
the multivariable model for the primary outcome, we included 
all the covariates that were associated with either the expo-
sure or the outcome with a P value ≤0.15, except for delayed 
graft function, as it could be a manifestation of early vascu-
lar rejection or be in the pathophysiological pathway between 
autoantibodies and rejection. Two patients had missing value 
for cold ischemic time and were imputed the mean value. We 
did not need to simplify the full multivariable model for the 
main outcome as there were few covariates that met the selec-
tion criteria. For the secondary outcome, due to the limited 
number of events (n = 24), we only included anti-LG3/ATRab, 
the main independent variable of interest, and use of plasma 
exchange/eculizumab, since it was the only other variable that 
was associated with death-censored graft loss with a P value 
<0.05 in univariable analyses. We did not include early rejec-
tion with vascular injury in the multivariable model for graft 
loss as it would be in the pathophysiological pathway between 
pretransplant autoantibodies and graft loss. The analyses were 
performed with SAS version 9.4 (SAS institute, Cary, NC).

RESULTS

Among the 451 patients who received a kidney transplanta-
tion at the Royal Adelaide transplant center, 346 patients had 
available biological material, 328 of whom were included in 
the analyses (Figure 1). Recipient, donor, and procedure-related 
characteristics for study participants are provided in Table 1 
categorized by pretransplant autoantibody status. Patients with 
double positivity for anti-LG3/ATRab were less likely to be 
transplanted in the 2015–2017 study period and had shorther 
cold ischemic time. Those with double positivity for anti-LG3/
ATRab and single positivity for ATRab were more likely to 

receive induction that could lower the level of autoantibodies 
(plasma exchange with or without IvIg) or impede their action 
(eculizumab) than other groups. The vast majority of patients 
(n = 323, 99%) were on tacrolimus and mycophenolate mofetil, 
whereas 2 patients were on sirolimus and mycophenolate 
mofetil, 2 patients were on tacrolimus and sirolimus, 1 received 
tacrolimus without an adjuvant, and 1 was on cyclosporine and 
mycophenolate mofetil. Anti-LG3 was positively associated 
with pretransplant ATRab (ρ = 0.14, P = 0.01).

We observed 68 episodes of acute graft rejection involv-
ing the allograft vasculature (this could therefore include V1,2,3 
lesions associated with either T-cell-mediated rejection (i and t 
scores >1), definite and suspected cases of antibody-mediated 
rejection, or both. The Banff classification of all acute rejec-
tion episodes (with and without vascular injury) can be found 
in Table 2, including the description of the 6 suspected cases. 
Univariable analyses for the associations between early acute 
rejection with vascular injury and all independent variables 
are reported in Table S1, SDC, http://links.lww.com/TXD/
A493. As we observed that single positivity for either anti-
LG3 or ATRab was not associated with early acute rejection 
with vascular injury (Table S1, SDC, http://links.lww.com/
TXD/A493), we performed subsequent analyses categoriz-
ing patients into 2 groups: those who were positive for both 
anti-LG3/ATRab pretransplant versus all other patients. We 
found that when compared with all other patients, those who 
showed double pretransplant positivity for anti-LG3/ATRab 
were more likely to experience acute rejection with vascular 
injury (odds ratio [OR]: 2.73, 95% confidence interval [CI] 
1.06-7.05) in a multivariable analysis that adjusted for donor 
age, donor type, cold ischemic time, transplant period, and 
induction with plasma exchange/eculizumab (Table 3).

451 kidney transplantations performed between January 

1st, 2013 and December 31st, 2017 at the Royal Adelaide 

renal transplantation unit

28 kidney transplantations 

performed in combination with 

other solid organ transplants 

423 single kidney transplantations  

77 with no biological material 

available for autoantibody testing 

346 kidney transplant recipients in the study cohort 

9 patients with early loss to 

follow-up and date of last follow-

up unknown 

6 early deaths (<12 weeks) 

3 early non-immunological loss at 

week 1 post transplant 

328 kidney transplant recipients included in the 

analyses of primary and secondary outcomes  

FIGURE 1.  Flow chart of patients.

http://links.lww.com/TXD/A493
http://links.lww.com/TXD/A493
http://links.lww.com/TXD/A493
http://links.lww.com/TXD/A493
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We then performed exploratory subgroup analyses to 
verify whether the association between double positivity for 
anti-LG3/ATRab and early rejection with vascular injury 
was modified by induction that could either lower the level 
(plasma exchange) of autoantibodies or impede their action 
(eculizumab). In patients who had received these therapies, we 
found no association between double positivity for anti-LG3/ 
ATRab and early acute rejection with vascular injury (OR: 
1.45, 95% CI 0.28-7.60), whereas this association was strong 
in patients who were not treated with plasma exchange/ecu-
lizumab (OR: 3.38, 95% CI 1.04=10.94) (Table  4). In the 
subgroup of recipients who had pretransplant DSA or ABO 
antibodies but who did not receive antibody-lowering thera-
pies because the pretransplant antibodies were not deemed sig-
nificant (n = 57), we observed a positive, albeit not significant, 
association between double positivity for anti-LG3/ATRab 
and early rejection with vascular injury (OR: 5.11, 95% CI 
0.29-89.46). We did not perform multivariable analyses given 

the small number of patients with rejection with vascular 
injury (n = 10) in this subgroup. Last, our sensitivity analy-
ses (Table S2, SDC, http://links.lww.com/TXD/A493) show 
that the association between double positivity for anti-LG3/
ATRab and acute rejection involving the graft vasculature 
was maintained when ABO- or DSA-incompatible transplants 
were excluded, as well as when suspected but unconfirmed 
cases of antibody-mediated rejection were excluded.

Last, we examined whether double positivity for anti-LG3/
ATRab pretransplant was associated with death-censored 
graft loss. Over a median follow-up of 4.5 y, 24 patients expe-
rienced death-censored graft loss. We found no association 
between double positivity for anti-LG3/ATRab and death-
censored graft survival (hazard ratio: 0.71, 95% CI 0.16-
3.09) (Table 5). The only factor that showed an association 
with death-censored graft survival was use of pretransplant 
plasma exchange (with or without IvIg) and/or eculizumab, a 
marker of high immunological risk transplants. The results of 

TABLE 1.

Recipient, donor, and procedure characteristics, n = 328 stratified according to pretransplant anti-LG3 and AT1R 
positivity

Recipient/donor/procedure characteristics 
Anti-LG3 + AT1R +,  

n = 23 
Anti-LG3 + 

AT1R –, n = 140 
Anti-LG3 – AT1R +,  

n = 25 
Anti-LG3 – AT1R –, 

n = 140 

Mean age at transplant, y (SD) 52 (12) 50 (13) 47 (14) 52 (13)
Male sex, n (%) 17 (74) 99 (71) 17 (68) 100 (71)
Cause of CKD, n (%)     
  Glomerular diseases 6 (26) 41 (29) 5 (20) 39 (28)
  Diabetes 6 (26) 21 (15) 3 (12) 19 (13)
  Polycystic kidney disease 5 (22) 20 (14) 6 (24) 23 (16)
  Hypertension/vascular 0 (0) 12 (9) 1 (4) 13 (9)
  Autoimmune 3 (13) 5 (4) 6 (24) 7 (5)
  Other or unknown 3 (13) 41 (29) 4 (16) 39 (28)
Median pretransplant panel reactive antibodies (IQR) 0 (0–3) 0 (0–0) 0 (0–0) 0 (0–0)
Transplant date 2015–2017,a n (%) 8 (35) 72 (51) 19 (76) 87 (62)
Induction by immunological risk, n (%)     
  ABO-compatible and no pretransplant donor-specific antibody 16 (70) 102 (74) 15 (60) 108 (77)
    Plasma exchange (with or without IvIg) and thymoglobulin 2 (13) 0 (0) 4 (27) 1 (1)
    Thymoglobulin alone 5 (31) 7 (7) 3 (12) 6 (6)
    Plasma exchange (with or without IvIg) and basiliximab 1 (6) 2 (2) 1 (4) 0 (0)
    Basiliximab alone 8 (50) 93 (91) 7 (28) 100 (93)
  ABO-incompatible or positive pretransplant DSA 7 (30) 38 (27) 10 (40) 32 (23)
    Plasma exchange (with or without IvIg) and thymoglobulin 4 (57) 4 (11) 7 (70) 2 (6)
    Plasma exchange (with or without IvIg) and rituximab 0 (0) 3 (8) 0 (0) 1 (3)
    Thymoglobulin and eculizumab 1 (14) 5 (13) 0 (0) 3 (9)
    Thymoglobulin alone 0 (0) 6 (16) 2 (20) 11 (34)
    Basiliximab alone 2 (29) 20 (53) 1 (10) 15 (47)
Induction with either plasma exchange and/or eculizumaba 8 (35) 14 (10) 12 (48) 7 (5)
No. HLA mismatches, n (%)     
  0–2 4 (17) 20 (14) 5 (26) 15 (11)
  3–4 8 (35) 46 (33) 9 (36) 49 (35)
  5–6 11 (48) 74 (53) 11 (44) 76 (55)
Mean cold ischemic time, ha (SD) 8 (6) 13 (6) 11 (4) 12 (7)
Mean donor age, y (SD) 49 (16) 45 (17) 47 (15) 46 (16)
First transplantation, n (%) 21 (91) 119 (85) 22 (88) 122 (88)
Donor type, n (%)     
  Living donor 5 (22) 16 (11) 3 (12) 13 (9)
  Neurologically deceased 18 (78) 104 (74) 18 (72) 105 (75)
  Donor after cardiocirculatory arrest 0 (0) 20 (15) 4 (16) 22 (16)
Delayed or slow graft function, n (%) 17 (74) 97 (69) 20 (80) 102 (73)

aP value <0.05 for a difference between the groups.
CKD, chronic kidney disease; DSA, donor-specific antibody; IQR, interquartile range.
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univariable analyses are found in Table S3, SDC, http://links.
lww.com/TXD/A493. Although it was associated with graft 
loss in univariable analyses (hazard ratio: 2.95, 95% CI 1.22-
7.13), we did not include early rejection with vascular injury 
in the multivariable model for graft loss as it would be in the 
pathophysiological pathway between pretransplant autoanti-
bodies and graft loss.

DISCUSSION

Although anti-HLA DSA are associated with both macro- 
and microvascular injury in antibody-mediated rejection of 
solid organ transplantation,8,10 a large body of literature has 
also shown associations between autoantibodies and acute 
rejection with vascular injury in the past decade.2-5,11-14 Here, 
we have found that pretransplant positivity for both anti-LG3/
ATRabs was associated with early kidney graft rejection with 
vascular injury. Furthermore, this association was weaker and 
not significant in the subgroup of patients who had received 
therapies that could either lower the levels of antibodies or 
impede their action in the perioperative period. Collectively, 
these data suggest that both autoantibodies could act syner-
gistically to injure the allograft vasculature in the context of 
kidney transplantation, and that their removal or antagonism 
may reduce the risk of acute rejection with vascular injury.

The main outcome assessed in this study is AVI, whether 
macro- or microvascular. This is the motivation for our choice 
of pooling T-cell-mediated rejections with v lesions and rejec-
tions with g or ptc lesions, in the presence or absence of DSA, 
as an outcome definition. The reasons underlying this choice 
are that both macrovascular v lesions and microvascular (g/
ptc) lesions tend to cluster together8,15 and can be associated 
with both allo- and autoantibodies.1-3,8 Furthermore, vascular 
injury, whether micro- or macrovascular, is associated with 
worse graft survival, especially when antibody-mediated.1,16,17

In the present work, we did not observe a higher risk of 
acute rejection with vascular injury in patients who were only 
anti-LG3-positive pretransplant. This contrasts with our ear-
lier data in a different patient cohort, wherein such an asso-
ciation was found.3 There are several possible explanations 
for these discrepant findings. First, we had not measured pre-
transplant ATRabs in our earlier work, and hence, it is not 
possible for us to determine whether a proportion of anti-LG3 
positive patients also had ATRabs and would have been dou-
ble positive for anti-LG3/ATRabs. In line with this possibility, 
another group recently reported that 4 of 11 hypersensitized 
patients with no pretransplant DSA and who developed 
antibody-mediated rejection had anti-LG3 antibodies, with 2 
also having ATRabs.14 Second, our previous study included 

TABLE 2.

Characteristics of early (within 90 d) rejection episodes

Characteristics of rejection episodes  

Rejection episodes  
  With vascular involvement, n (%) 68 (21)
    T-cell-mediated Banff grade 2A, n (%) 28 (41)
        Pretransplant or de novo donor-specific antibody, n (%) 5 (17)
        Positive C4d staining in peritubular capillaries, n (%) 0 (0)
    T-cell-mediated Banff grade 2B, n (%) 14 (21)
        Pretransplant or de novo donor-specific antibody, n (%) 1 (7)
        Positive C4d staining in peritubular capillaries, n (%) 0 (0)
    T-cell-mediated Banff grade 3, n (%) 3 (4)
        Pretransplant or de novo donor-specific antibody, n (%) 0 (0)
        Positive C4d staining in peritubular capillaries, n (%) 0 (0)
    Antibody-mediated rejection, n (%) 15 (22)
        Pretransplant or de novo donor-specific antibody, n (%)a 12 (80)
        Positive C4d staining in peritubular capillaries, n (%) 6 (40)
      Suspected antibody-mediated rejection, n (%)a 6 (9)
  Without vascular involvement, n (%) 44 (13)
    T-cell-mediated borderline changes, n (%)a 33 (75)
    T-cell-mediated Banff grade 1A, n (%) 5 (11)
    T-cell-mediated Banff grade 1B, n (%) 6 (14)

aThree antibody-mediated rejection cases were ABO-incompatible and donor-specific antibody 
negative; the 6 suspected antibody-mediated rejection episodes showed significant microvas-
cular inflammation without meeting the 3 criteria for antibody-mediated rejection (g+ptc ≥ 2 
with g ≥ 1 in the absence of positive C4d staining and donor-specific antibodies, n = 4; ptc3 in 
the presence of donor-specific antibody and C4d negative, n = 1; ptc 3 in the absence of C4d 
staining and donor-specific antibody, n = 1), 1 borderline rejection had positive C4d staining.

TABLE 3.

Association between double positivity for AT1R and anti-
LG3 and early acute rejection with vascular injurya

Recipient/donor/procedure characteristics 
Odds ratio (95% 

confidence interval) P 

Pretransplant double positivity for AT1R and anti-
LG3

(reference all other groups)

2.73 (1.06, 7.05) 0.04

Transplant date 2015–2017 (vs 2013–2014) 0.72 (0.40, 1.27) 0.26
Cold ischemic time (per 1-h higher) 1.05 (1.00, 1.04) 0.06
Use of plasma exchange with or without intravenous 

immunoglobulins and/or eculizumab (vs none)
1.52 (0.70, 3.30) 0.28

  Donor type (reference living donor)   
    Neurologically deceased 0.55 (0.22, 1.37) 0.20
    Donor after cardiac arrest 0.83 (0.27, 2.57) 0.74
Donor age (per 1-y higher) 1.02 (1.00-1.04) 0.04

aThe multivariable model comprises all and only the variables listed in this table based on their 
association with the exposure (Table 1) and the outcome (Table S1, SDC, http://links.lww.
com/TXD/A493).

TABLE 4.

Stratified analyses by plasma exchange/eculizumab for the association between double positivity for anti-LG3/AT1R and 
early acute rejection with vascular injury

  Unadjusted OR (95% CI) Adjusted ORa (95% CI)

Plasma exchange/eculizumab Yes No Yes No 
Pretransplant double positivity for anti-LG3/

AT1R
(reference all other groups)

 1.60 (0.32, 8.11) 2.96 (1.01,8.70)  1.45 (0.28, 7.60) 3.31 (1.02, 10.70)

aAdjusted model also included transplant period, cold ischemic time, donor age, donor type (neurologically deceased, deceased after cardiocirculatory arrest vs living). As there were only 12 acute 
rejection episodes with vascular injury in patients who received plasma exchange/eculizumab, the multivariate model may be overfit.
CI, confidence interval; OR, odds ratio.

http://links.lww.com/TXD/A493
http://links.lww.com/TXD/A493
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patients transplanted in earlier eras (1985–2008), when main-
tenance immunosuppressive agents had weaker potency than 
the regimens that are currently used. The deleterious impact 
of pretransplant anti-LG3 may be weaker in the presence of 
stronger immunosuppression such as that given in the cur-
rent study. In the current study, positivity to ATRabs alone 
was not associated with early rejection with vascular injury, 
which contrasts with observations from other reports.2,13 This 
is most likely due to the unique pretransplant protocol imple-
mented at the Royal Adelaide Hospital since 2015, where pre-
transplant ATRabs are measured and where plasma exchange 
is performed pretransplant and recipients treated with can-
desartan when ATRabs are found positive. Indeed, this pro-
tocol has similar medium-term graft survival stratified above 
or below ATRab 17 U/mL.18 In this context, one can specu-
late that the association between ATRab positivity and acute 
rejection with vascular injury would be weakened, and that 
the presence of both antibodies could be needed to mediate 
graft rejection with AVI.

Although we are the first to report on a synergy between 
anti-LG3 and ATRabs in augmenting the risk of rejection with 
AVI, the presence of such synergy has been reported between 
DSAs and ATRabs in kidney transplant recipients,6,19,20 and 
another group has also reported a synergistic adverse impact 
of double positivity to anti-LG3 and ATRabs on liver graft 
survival.4 Furthermore, as the possibility of ATRabs being 
a risk factor for the development of DSAs been raised,20 we 
also observed a correlation between ATRabs and anti-LG3. 
This could be due the propensity of transplant candidates to 
develop autoantibodies and/or to the presence of one of these 
autoantibodies with vascular tropism favoring the develop-
ment of the other. We could not demonstrate that double 
positivity for anti-LG3/ATRabs was associated with lower 
death-censored graft survival, but the wide CIs due to the 
small number of graft losses (n = 24) preclude any definite 
conclusion. Early rejection with vascular injury, however, 
was associated with graft loss in univariable analysis. Hence, 
larger studies would be needed to examine the association 
between anti-LG3/ATRabs and graft loss.

In our earlier work on the association between anti-LG3 
and acute rejection with vascular injury, none of the recipi-
ents received high-risk transplants.3 In contrast, the current 
study includes 27% high-immunological-risk ABO- or DSA-
incompatible transplants. These patients were induced with 
plasma exchange or a combination of thymoglobulin and eculi-
zumab when the pretransplant DSA was deemed significant, but 
could also be induced with basiliximab or thymoglobulin alone 
when low median fluorescence intensity antibodies were found. 
Our exploratory subgroup analyses suggest that the strength 
of association between double positivity for anti-LG3/ATRabs 

and acute rejection with vascular injury is diminished when 
therapies that can lower or modulate the level of pretransplant 
antibodies are used. The strength of the association between 
double positivity for anti-LG3/ATRabs and acute rejection 
with vascular injury was within the same order of magnitude in 
patients with weak pretransplant DSAs or ABO antibodies who 
did not receive plasma exchange/eculizumab than in patients 
who had no pretransplant DSAs or ABO antibodies. This sug-
gests that induction therapies received by patients with the 
highest immunological risk diminishes the strength of associa-
tion between anti-LG3/ATRabs and acute rejection with AVI. 
Our subgroup analysis in low-immunological-risk patients by 
DSA/ABO criteria shows a strong association between double 
positivity to anti-LG3/ATRabs and acute rejection with AVI. 
Measuring these autoantibodies may help uncover an immuno-
logical risk that would not be detected otherwise.

Our study is limited by the relatively small number of 
events, which precludes a definite conclusion on the impact of 
the autoantibodies of interest on graft survival and limits for-
mal interaction tests to address effect modification by plasma 
exchange/eculizumab. Our study only addresses the asso-
ciation between pretransplant antibodies and early clinical 
outcomes, whereas de novo autoantibodies could also have 
an impact on allograft outcomes. Last, this is a single-center 
study in which a unique protocol is used when ATRabs are 
found positive pretransplant, which may limit the generaliz-
ability of our findings.

In conclusion, our results suggest that double positivity for 
anti-LG3/ATRabs before transplantation is associated with a 
higher risk of acute rejection with AVI, and that this risk may 
be lower when therapies that lower/modulate antibodies are 
used in the perioperative period. Further studies will be needed 
to examine the clinical relevance of screening for anti-LG3 and 
ATRabs before transplantation, in combination with strategies 
such as plasma exchange when levels are found elevated.
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