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Introduction 

Conventionally, liver allografts have been considered 
to be relatively resilient to allogeneic immunological 
attack compared to kidney or pancreas allografts. Liver 
transplants are usually allocated according to blood group 

(ABO) compatibility but not according to human leucocyte 
antigen (HLA) crossmatch or presence of preformed 
donor-specific antibodies (DSA). However, it was recently 
found that the previously claimed liver protective effect 
on kidney graft in simultaneous liver-kidney transplant 
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was not complete, especially in the presence of preformed 
class II DSA (1,2). When sensitive solid phase–based anti-
HLA antibody detection methods became available, the 
role of donor specific antibodies, either preformed before 
liver transplantation, or de novo (generated after liver 
transplantation), was revisited in many studies (3-15). Some 
supported detrimental effects of DSA or positive cross 
match on graft or patient survival (6-10), but others failed 
to find significance (11-15). The reason for uncertainty in 
cohort studies may be the low prevalence of the study factor 
in the test population. Preformed DSA is usually rare (~10%) 
in candidates for their first liver transplantation. Of the 
mechanisms to develop anti-HLA antibodies, prior exposure 
to alloantigen by transplantation sensitizes patients more 
effectively than blood transfusion or pregnancy (16). As a 
consequence, the frequency of preformed DSA should be 
higher in candidates for a second liver transplantation than 
for the initial transplantation, making them a better group 
in whom the impact of DSA could be studied. In order to 
determine if preformed DSA affects liver graft outcomes, 
we performed a retrospective cohort study of consecutive 
patients who received a second liver transplantation in order 
to determine if the prevalence of DSA was higher after 
the first transplant and then to compare graft and patient 
survival in recipients who had DSA to the second donor 
(D2SA+) before retransplantation to those who did not have 
DSA to the second donor (D2SA−).

Methods

We reviewed all second liver transplantations between 
1990 and 2014 at University Hospital of London Health 
Science Centre (LHSC), London, Ontario, Canada. Illness 
severity, ABO compatibility and size-matching, but not 
recipient-donor cross-matching or HLA matching, were 
used to allocate liver grafts to candidates on the waiting 
list for repeat liver transplantation. All patients undergoing 
a second liver transplantation whose pre-operative serum 
and donor HLA typing were available were included in 
the study. We excluded ABO incompatible transplants, 
recipients of multiple organs, and transplants from living 
donors or donors after cardiac death (DCD). This study 
was approved by institutional ethical review committee 
(University of Western Ontario Research Ethics Board 
protocol #106961). 

Patient blood samples were collected immediately 
before retransplantation and stored at the Transplant 
Immunology Lab, LHSC. Blood samples were screened 

with multiple-antigen coated Luminex PRA beads (One 
Lambda, Canoga Park CA) to determine the presence of 
anti-HLA antibodies. Samples with positive antibodies 
were tested with Luminex single antigen beads (SAB) (One 
Lambda, Canoga Park CA) for antibodies specificities. If 
not specifically defined, positive reactions were called if 
median fluoresce intensity (MFI) was more than 1,000 and 
antibody profile made sense according to cross reactivity 
and/or epitope analysis. Sensitivity studies included analysis 
using MFI over 10,000 (10k) as cut-off for D2SA+. D2SA 
status was determined with full donor typing for HLA-A, 
B, C, DRB1, DRB3/4/5, DQA1/B1 and DPA1/B1 in a low 
to intermediate resolution reverse sequence-specific oligo 
(SSO) probe LabType kit (One Lambda, Canoga Park CA). 
Sum MFI for D2SA were calculated by adding MFIs for 
each specific D2SA. 

Clinical outcomes were collected by chart review and 
extensive queries for follow-up until April 2018. Recipient 
and graft survival curves were plotted using Kaplan-Meier 
method and analyzed for statistical significance using the 
Log-Rank test. Baseline characteristics were compared 
between the two groups of patients using the Chi-squared 
test or Fisher’s exact test for categorical variables, two-tailed 
t-test for normally distributed continuous variables. Hazard 
ratios were determined using cox proportional hazards 
model for either univariate or multivariate analysis. All 
statistical analyses were done with IBM SPSS version 25. 

Results

We identified 84 recipients of a second liver transplant 
for whom pre-retransplantation sera and donor HLA 
typing were available. Five patients were excluded from 
the study: four because they received another organ 
transplant with either the first or second liver transplant 
and one patient because incomplete medical information. 
In the end 79 patients who received second liver transplant 
from 1991 to 2014 were included in this study. As shown 
in Table 1, about half (50.6%) of the patients waiting for 
a second liver transplant were found to be positive for 
anti-HLA antibodies. Preformed D2SA was identified in  
31 (39.2%) patients. D2SA was directed to HLA class 1 only 
in 6 (19.4%) patients, to HLA class II only in 18 (58.1%) 
patients, to both HLA class I and class II in 7 (22.6%) 
patients. Anti-HLA-DQ D2SA were present in majority (24, 
77.4%) of D2SA positive patients. 

Most demographic and baseline characteristics for 
D2SA+ subgroup and D2SA− subgroup were found to be 
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very similar (Table 2). Survival of the first liver graft was 
significantly (P=0.003) shorter in D2SA− patients [1.74 
(range, 0–15) years] than in the D2SA+ cohort [5.59 (range, 
0.01–19.77) years]. Components of primary liver diseases 
are marginally different in the two subgroups with notably 
more primary sclerosing cholangitis (PSC) and less viral 
diseases in D2SA+ group than in D2SA− group. The age of 
the second donor was slightly older (47.5 years) in D2SA+ 
patients than in D2SA− patients (41.5 years) but this field 
was empty in 34% of the retransplantation database. 

During this study period, 45/79 (57.0%) second liver 
grafts were lost; 40/79 (49.4%) patients died; and 12/79 
(15.2%) patient received a third liver transplant. Mean 
survival of the second graft was similar in D2SA+ and 
D2SA− cohorts [8.55 (range, 0.01–24.74) vs. 7.56 (range, 
0–23.53) years respectively, P=0.574]. Mean patient survival 
after second liver transplantation was similar in D2SA+ 
and D2SA− cohorts [9.11 (range, 0.01–24.74) vs. 8.10 
(range, 0–23.53) years respectively, P=0.504]. Kaplan-Meier 
survival for D2SA+ versus D2SA− subgroups are shown in 
Figures 1,2. No statistically differences were found for either 
survival of second liver graft (P=0.724) or patient survival 
after second liver transplant (P=0.328).

Univariate cox proportional hazard regression of the 
different types and strengths of D2SA on the outcome the 
second liver transplant are summarized in Table 3. Presence 

of D2SA to either class I, class II or specific loci of HLA- A, 
-B, -Cw, -DR, -DQ, -DP were not found to be associated 
with increased risk for graft loss. Additive strengths of 
D2SA (indicated by sum MFI >10k, >20k, >40k, >100k) 
were not relevant to outcome. MFI >10k for class I D2SA 
or class II D2SA were not associated with graft loss. 
Presence of either DR or DQ D2SA was not a statistically 
or clinically significant cause of graft loss (HR =1.196, 
P=0.565). In multivariate analysis adjusting risks from age, 
gender, cold ischemia time, primary diseases, causes of loss 
and survival years of 1st graft, neither class I D2DSA (HR 
=1.101, P=0.92) nor class II D2SA (HR =1.74, P=0.359) 
were found to be significant risk factors for graft survival.

Discussion

Liver retransplantations were often excluded from studies 
due to substantially worse outcome than 1st liver transplant. 
However, we believed this group might be a better cohort 
to study the impact of DSA because of an expected higher 
prevalence of DSA. This was confirmed when we identified 
anti-HLA antibodies in approximately half the cohort and 
these antibodies were directed against the second graft in 
40%. Interestingly, D2SA+ recipients retained their initial 
graft much longer than D2SA− recipients, suggesting that 
the length of exposure to the alloantigens played a role in 
the development of antibody. 

Goh and colleagues studied the outcome of 118 liver 
retransplants and found class I anti-HLA antibodies but not 
DSA to be associated with inferior graft survival (17). The 
MFI of the DSA was not reported in their paper but most 
(97.5%) cases were transplanted with negative CDC cross 
matches. The study reported here is the first impact study of 
preformed DSA, determined using modern HLA detecting 
methods specific to the 2nd donor, on the long-term 
outcome of liver re-transplantation. The cohort underwent 
transplantation without knowledge of crossmatch or 
DSA status. In order to remove heterogenous risk of an 
adverse outcome, we excluded transplantations from living 
donors, DCD, ABO incompatible donors and combined 
transplants. Anti-HLA antibodies were batch tested using 
modern sensitive solid phase methods. The D2SA+ and 
D2SA− groups were equivalent in size, making comparison 
efficient. We could find no signal related to the presence of 
D2SA in the long-term survival of 79 retransplants. We did 
not find a clinically or statistically significant detrimental 
effect of preformed D2SA to either graft or patient survival. 
Therefore, our results are compatible with the results 

Table 1 Characteristics of preformed D2SA in 79 liver recipients 
received second liver transplantation.

Characteristics Value

Anti-HLA antibodies positive (n=79) 40 (50.6%) 

D2SA positive (n=79) 31 (39.2%)

D2SA positive by HLA class (n=31)

HLA class I only 6 (19.4%)

HLA class II only 18 (58.1%)

HLA class I and II 7 (22.6%)

D2SA positive by HLA locus (n=31)

HLA-A 9 (29.0%)

HLA-B 9 (29.0%)

HLA-Cw 6 (19.4%)

HLA-DR 10 (32.3%)

HLA-DQ 24 (77.4%)

HLA-DP 4 (12.9%)
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described by Goh and colleagues.
We did find that patients who lost their first liver 

transplant from acute rejection were more likely to lose the 
second liver transplant (HR =6.1, P=0.024) in multivariate 
analysis. Different deleterious roles of class II rather than 

class I DSA are thought to occur in liver transplantation 
either because class I DSA are more easily absorbed by 
liver (6,12) or because of the presence of protective IgM 
antibodies (18). However, we were unable to find an effect 
if we studied D2SA type (HLA-A, B, C, DRB1, DRB3/4/5, 

Table 2 Demographic and transplantation characteristics of recipients of second liver transplants with D2SA compared those with no D2SA

Variables D2SA– (n=48) D2SA+ (n=31) P value
1

Male gender 28 (58.3%) 20 (64.5%) 0.583
2

Liver transplant #1, mean [range]

Age at 1st transplantation, year 38.1 [0–69] 31.61 [1–62] 0.137

Year of 1st transplant 2000 [1989–2014] 1997 [1985–2013] 0.136

Graft#1 survival, year 1.74 [0–15] 5.59 [0.01–19.77] 0.003

Primary liver disease 0.023
3

Cryptogenic/steatohepatitis 3 (6.3%) 5 (16.1%)

Viral 13 (27.1%) 3 (9.7%)

Primary sclerosing cholangitis (PSC) 7 (14.6%) 11 (35.5%)

Primary biliary cirrhosis (PBC) 5 (10.4%) 0 (0.0%)

Autoimmune hepatitis 2 (4.2%) 4 (12.9%)

Alcoholic cirrhosis 3 (6.3%) 1 (3.2%)

Other 15 (31.3%) 7 (22.6%)

Cause of first graft failure 0.156
3

Primary non-function 8 (16.7%) 4 (12.9%)

Acute rejection 3 (6.3%) 0 (0.0%)

Chronic rejection 10 (20.8%) 8 (25.8%)

Hepatic artery thrombosis 12 (25.0%) 5 (16.1%)

Recurrent disease (except PSC) 5 (10.4%) 3 (9.7%)

Recurrent PSC 1 (2.1%) 6 (19.4%)

Biliary stricture 1 (2.1%) 2 (6.5%)

Other 8 (16.7%) 3 (9.7%)

Liver transplant #2, mean [range]

Age at 2nd transplantation, year 39.73 [0–69] 37.16 [3–65] 0.571

Year of 2nd transplantation 2002 [1991–2014] 2003 [1991–2013] 0.412

Age of 2nd liver transplant donor, year
4

41.5 [13–68] 47.5 [17–84] 0.012

Cold ischemic time second graft, hour 7.57 [1.90–14.07] 7.81 [3.42–12.92] 0.703

Graft#2 survival, year 7.56 [0–23.53] 8.55 [0.01–24.74] 0.574

Patient survival after 2nd transplant, year 8.10 [0–23.53] 9.11 [0.01–24.74] 0.504
1
, Student’s t-test, if no specifically indicated; 

2
, Chi-square test; 

3
, Fisher’s exact test; 

4
, N=27 (34.2%) cases of missing data: D2SA+ (n=9, 

29.0%), D2SA− (n=18, 37.5%).
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DQA1/B1 and DPA1/B1). While allogenic memory plays 
important role in the loss of liver transplants, it may be that 
cellular rather humoral responses predominate.

The sample size of this study is small. High D2SA 
prevalence and the matching size of the test groups 
mitigates this limitation to some extent. We think the 
group sizes would have been sufficient to see the effect 
of D2SA on graft outcome if kidney rather than liver 
retransplantation was studied. This study, combined with 
the uncertainty remaining from the many studies of primary 
liver transplantation (6-15), supports the convention that 
liver transplantation is less prone to humoral immunological 
loss than kidney transplantation. The reasons for this 
difference are not known. 

One mechanism to consider is immunoglobulin (Ig) class 
switch (19). Liver grafts have been shown to produce anti-
donor IgM, where preformed IgM has been shown to be 
either irrelevant or protective in kidney transplantation (18).  
So far studies of IgG subclasses give tantalizing hints that 
the immune response is deviated to the ‘type 2’ variety 
which is exploited by pregnancy or parasites to avoid 
rejection (20). However, type 2 immune response deviation 
may leave the graft open for chronic rejection. Against 
this hypothesis is the finding, reported by O’Leary and 
colleagues, that the presence of complement fixing DSA (a 
type 1 humoral response) at one year after transplantation, 
is associated with an increased risk of chronic rejection 
of the graft (21). Some of the patients in this study were 
followed for over 20 years. We found mean graft survivals 
of 7.56 (range, 0–23.53) years in the D2SA− recipients vs. 
8.55 (range, 0.01–24.74) years (P=0.574) in the D2SA+ 
group. It may be that either other competing risk factors 
or incomplete effects of D2SA are at play preventing a 
signal from being apparent. Ultra-long, fully powered 
studies will be required to dissect the various processes 
at work. Antibody titer or complement fixation may be 
better measures than MFI (22). Innovative targets such as 
HLA, allele and eplet mismatching may unlock some of the 
mystery (23). 

We did not include the types of immunosuppression taken 
by the patients in our study. Meta-analysis shows a small but 
significant difference in graft survival between cyclosporine 
and tacrolimus in primary liver transplantation (24).  
We used cyclosporine in the early years of the study and 
later tacrolimus. Patients were not routinely switched 
from one calcineurin inhibitor to the other and we did not 
differentiate between primary transplantation or repeat 
transplantation. No era difference (P=0.412) was seen 
between the D2SA− group (median 2002, 1991–2014) and 
the D2SA+ group (median 2003, 1991–2013). Variances in 
immunosuppressant and surgical technique during the long 
study period are unlikely contribute to our findings.  

We commenced this study in the belief that the low 
prevalence of DSA before primary liver transplantation was 
the reason that previous studies have failed to prove the 
deleterious effect of DSA. If such a deleterious effect was 
shown, strategies to mitigate this effect would be required. 
We were able to see a high prevalence of DSA in candidates 
for liver retransplantation proving the fact that liver 
transplantation does sensitize the recipient. However, we 
were unable to show a deleterious effect of these antibodies, 
either as a whole or of a specific type. The current practice 

Figure 1 Kaplan-Meier survival curves for 2nd liver transplant 
comparing D2SA positive vs. D2SA negative subgroups (P=0.724, 
log-rank test). 

Figure 2 Kaplan-Meier survival curves for patients after 2nd liver 
transplant comparing D2SA positive vs. D2SA negative subgroups 
(P=0.328, log-rank test). 
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Table 3 HLA antibodies and 2nd liver transplant loss in univariate analysis

HLA-related risk factors #Graft loss/patients (%) Hazard ratio (95% CI) P value

Anti-HLA Ab positive (+) 22/40 (55.0) 0.906 (0.504–1.627) 0.740

D2SA+ MFI >1k 17/31 (54.8) 0.897 (0.491–1.640) 0.724

Class I D2SA 6/14 (42.9) 0.675 (0.286–1.594) 0.370

Class II D2SA 16/26 (61.5) 1.089 (0.591–2.005) 0.785

D2SA+ MFI >10k 14/24 (58.3) 1.010 (0.537–1.900) 0.975

Class I D2SA 2/6 (33.3) 0.570 (0.138–2.356) 0.438

Class II D2SA 14/23 (60.9) 1.079 (0.574–2.030) 0.813

D2SA sum MFI >10k 15/27 (55.6) 0.935 (0.503–1.738) 0.832

D2SA sum MFI >20k 11/18 (61.1) 1.005 (0.508–1.985) 0.989

D2SA sum MFI >40k 7/13 (53.9) 0.879 (0.392–1.968) 0.753

D2SA sum MFI >100k 2/3 (66.7) 1.855 (0.445–7.729) 0.396

HLA-A D2SA+ 2/9 (22.2) 0.314 (0.076–1.298) 0.110

HLA-B D2SA+ 3/9 (33.3) 0.563 (0.174–1.817) 0.337

HLA-C D2SA+ 4/6 (66.7) 2.208 (0.710–5.796) 0.187

HLA-DR D2SA+ 6/10 (60) 1.156 (0.489–2.733) 0.742

HLA-DQ D2SA+ 15/24 (62.5) 1.179 (0.634–2.191) 0.604

HLA-DR or DQ D2SA+ 16/25 (64.0) 1.196 (0.650–2.204) 0.565

HLA-DP D2SA+ 2/4 (50.0) 1.188 (0.285–4.952) 0.813

P value and hazard ratio were calculated using univariate Cox regression with corresponding negative subgroups for each factor were 
used as references. HLA, human leucocyte antigen; D2SA, antibodies specifically directed against the donor of the retransplant; MFI, 
mean fluorescent intensity.  

of allocating liver grafts without regard to DSA remains 
valid. However, programs are encouraged to apply 
laboratory tools currently used for kidney transplantation 
to unlock the secrets of how the liver modifies the 
immune response or remains resilient to it. The reward 
for understanding these phenomena will not only apply 
to liver transplantation but may help us understand 
and combat primary and metastatic liver cancer too.  
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