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Summary

The incidence and consequences of de novo donor-specific anti-HLA antibodies

(DSAs) after liver transplantation (LT) are not well known. We investigated the

incidence, risk factors, and complications associated with de novo DSAs in this

setting. A total of 152 de novo liver-transplant patients, without preformed anti-

HLA DSAs, were tested for anti-HLA antibodies, with single-antigen bead tech-

nology, before, at transplantation, at 1, 3, 6 and 12 months after transplantation,

and thereafter annually and at each time they presented with increased liver-en-

zyme levels until the last follow-up, that is, 34 (1.5–77) months. Twenty-one

patients (14%) developed de novo DSAs. Of these, five patients had C1q-binding

DSAs (24%). Younger age, low exposure to calcineurin inhibitors, and noncom-

pliance were predictive factors for de novo DSA formation. Nine of the 21

patients (43%) with de novo DSAs experienced an acute antibody-mediated rejec-

tion (AMR). Positive C4d staining was more frequently observed in liver biopsies

of patients with AMR (9/9 vs. 1/12, P < 0.0001). Eight patients received a B-cell

targeting therapy, and one patient received polyclonal antibodies. Only one

patient required retransplantation. Patient- and graft-survival rates did not differ

between patients with and without DSAs. In conclusion, liver-transplant patients

with liver abnormalities should be screened for DSAs and AMR.

Introduction

The impact of donor-specific anti-HLA antibodies (DSAs)

after liver transplantation remains controversial. Until

recently, human liver allografts were considered to be

highly resistant to antibody-mediated rejection (AMR) for

several reasons: secretion of soluble HLA class I molecules

that form immune complexes with alloantibodies, phagocy-

tosis of platelet aggregates, immune complexes, and acti-

vated complement components by Kupffer cells, limited

distribution of HLA class II expression in the microvascula-

ture, large liver size, and dual hepatic vasculature, and

finally, important hepatocyte regenerative capacity after

injury [1–3].
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However, over the last couple of years, there has been

increased evidence that DSAs can have harmful effects after

liver transplantation. A higher rate of graft loss has been

observed in patients with a positive cross-match compared

to those who have undergone transplantation with a nega-

tive cross-match [4,5]. Patients undergoing liver transplan-

tation with preformed DSAs are at increased risk of

hyperacute rejection [6] and increased risk of AMR within

the first weeks after transplantation [7–9]. In addition,

DSAs have been associated with chronic rejection [10,11],

accelerated fibrosis [12,13], and anastomotic biliary stric-

tures [14].

To date, very few studies have assessed the incidence and

effect of de novo DSAs in liver-transplant patients. In

patients that are DSA-free at transplantation, Kaneku et al.

[15] reported an incidence of 8.1% of de novo DSAs within

the first year after transplantation. Patients who developed

de novo DSAs had significantly lower patient- and graft-sur-

vival rates compared to those without DSAs [15]. Here, the

aims of our study were to assess the incidence of de novo

DSAs in liver-transplant patients and to analyze their effect

on liver histology, to assess their impact on patient- and

graft-survival rates, and to report on the treatment of anti-

body-mediated rejection in this setting.

Patients and methods

Patients

Between February 2008 (i.e., the date when the solid-phase

Luminex assay was set up in our institution) and Septem-

ber 2013, a total of 211 adult patients received a liver trans-

plantation in our center. We excluded patients who died

within the first month after transplantation (n = 42) from

the study, and those who received a transplant with a pre-

formed DSA directed against HLA A, B, CW, DR, DQ, or

DP (n = 17). Acute rejection was not the cause of death in

any patient who died within the first-month post-trans-

plantation. Hence, 152 patients with a functioning liver

allograft at month 1 after transplantation were included in

this study after having given their informed consent and

after we had obtained Toulouse University IRB approval.

The patients’ characteristics are presented in Table 1.

There were 122 men and 30 women ranging in age from 18

to 72 years. Ninety-eight percent of patients received a first

liver transplant. Only, three patients were undergoing

retransplantation.

All patients were screened routinely for anti-HLA anti-

bodies before, at transplantation, at 1, 3, 6, and 12 months

after transplantation, and thereafter annually and at each

time they presented with increased liver-enzyme levels until

the last follow-up, that is, 34 (1.5–77) months. The date of

death of any patients who died within the study period was

considered as the last follow-up.

Noncompliance was assessed at each visit. Patients who

acknowledged having forgotten to take their immunosup-

pressive drugs two or more successive doses between two

visits or who had stopped any immunosuppressant without

medical indication were considered to be noncompliant.

Immunological analyses

Luminex� assays determined the specificity of class I HLAs

in A/B and class II in DR/DQ IgG antibodies in the recipi-

ents’ sera (centrifuged at 10 000 g for 10 min) using Lab-

screen single Ag HLA class-I and class-II detection tests

(One Lambda, Canoga Park, CA, USA), according to the

manufacturer’s instructions. The presence and specificity of

antibodies were then detected using a Labscan 100� (One

Lambda, Canoga Park, CA, USA), and the mean fluores-

cence (baseline) value for each sample in each bead was

evaluated. The baseline value was calculated as follows:

(raw sample mean fluorescence intensity [MFI] � raw neg-

ative serum control MFI) � (negative-bead raw MFI sam-

ple � negative-bead raw MFI negative serum control). A

baseline value of >1000 was considered positive. The

immunodominant DSA was defined as the DSA with the

highest MFI.

The presence of C1q-binding donor-specific anti-HLA

antibodies was determined using a single-antigen flow bead

assay according to the manufacturer’s protocol

(C1qScreenTM, One Lambda), as described previously [16].

Liver biopsy

Each time an acute rejection was suspected and/or when a

de novo anti-HLA DSA was detected, a liver biopsy was per-

formed. No serial protocol biopsies were performed to

assess subclinical antibody-mediated rejection. Liver-

pathology lesions were classified according to the Banff cri-

teria [17,18]. In addition, antibody-mediated rejection was

defined as evidence of graft dysfunction in the presence of

circulating DSAs, with acute rejection refractory to steroids,

and histological changes related to antibody-mediated

liver-injury proliferation of the small bile ducts, centrilobu-

lar hepatocyte swelling, single-cell necrosis, sinusoidal accu-

mulation of neutrophils, and hepatocanalicular cholestasis,

as well as an increased number of plasma cells in the portal

infiltrate and diffuse positive C4d staining (>50%) of the

portal microvasculature [1,12,19].

Statistical analyses

Reported values represent the means (�SD) or medians

(ranges). Proportions were compared using Fisher’s exact

test. Quantitative variables were compared using the

Mann–Whitney nonparametric test or Student’s t-test. The

1372 © 2015 Steunstichting ESOT 28 (2015) 1371–1382

De novo DSAs liver transplantation Del Bello et al.



Table 1. Comparison between liver-transplant patients with and without donor-specific antibodies.

Variable De novo DSAs (n = 21) No DSAs (n = 131) P-value

Median donor age (years) 44 (17–77) 51 (9–81) NS

Median recipient age (years) 52 (18–63) 58 (20–72) 0.02

Recipient gender, male (%) 16 (76) 106 (81) NS

Rank of transplantation 1 1 � 0.1 NS

Median MELD score 22 (6–40) 23 (6–40) NS

MELD score <15 (%) 6 (29) 38 (29) NS

Median Child–Pugh score 10 (5–15) 8 (5–15) NS

Cause of liver disease, n (%)

Viral hepatitis 9 (43) 39 (30) NS

Alcoholic liver disease 8 (38) 61 (46)

Autoimmune disease (AIH, PSC, PBC) 3 (14) 9 (7)

Other 1 (5) 22 (17)

CMV infection, n (%) 5 (24) 27 (21) NS

Hepatic artery thrombosis, n (%) 0 (0) 9 (7) NS

Positive HCV RNA, n (%) 7 (34) 29 (22) NS

Interferon use after transplantation, n (%) 2 (9.5) 14 (11) NS

Induction therapy (%) 16 (76) 95 (73) NS

Polyclonal antibodies (%) 3 (14) 11 (8) NS

Anti-interleukin receptor blocker (%) 13 (62) 84 (65) NS

Initial immunosuppressive therapy

Calcineurin inhibitors (%) 21 (100) 123 (94) NS

Tacrolimus (%) 19 (90) 123 (94) NS

Cyclosporine A (%) 2 (10) 0 0.02

Mycophenolic acid (%) 21 (100) 131 (100) NS

Belatacept (%) 0 8 (6) NS

Steroids (%) 20 (95) 111 (85) NS

Immunosuppressive therapy at 3 months*

Calcineurin inhibitors (%) 19 (91) 118* (91) NS

Tacrolimus (%) 14 (67) 109* (84) NS

Tacrolimus trough level (ng/mL) 8.75 � 2.9 8.6 � 2.6 NS

Cyclosporine A (%) 5 (24) 9 (7) 0.02

C2 Cyclosporine A (ng/mL) 813 � 264 960 � 389 NS

Mycophenolic Acid (%) 21 (100) 126 (98) NS

Mycophenolic acid dose (mg/day) 1381 � 650 1333 � 529 NS

Belatacept (%) 0 7* (5) NS

Everolimus (%) 2 (9.5) 4* (3) NS

Everolimus (ng/mL) 5.5 � 0.3 5 � 2.8 NS

Steroids (%) 20 (95) 107* (83) NS

Steroid dose (mg/day) 9 � 5 8 � 4 NS

Immunosuppressive therapy at 1 year†

Calcineurin inhibitors (%) 19 (91) 107† (87) NS

Tacrolimus (%) 18 (86) 100† (81) NS

Tacrolimus trough level (ng/mL) 7.3 � 3.3 8.4 � 2.7 NS

Cyclosporine A (%) 1 (5) 7† (6) NS

C2 Cyclosporine A 905 933 � 289 NS

Mycophenolic acid (%) 19 (91) 113† (92) NS

Mycophenolic acid dose (mg/day) 1000 � 408 1045 � 280 NS

Belatacept (%) 0 7† (6) NS

Everolimus (%) 1 (5) 9† (7) NS

Everolimus trough level (ng/mL) 4.5 7.4 � 3 NS

Steroids (%) 17 (81) 92 (75) NS

Steroid dose (mg/day) 6 � 2 5 � 2 NS

Conversion from CsA to tacrolimus or vice versa (%) 9 (43) 21 (16) 0.007

Conversion from a CNI to an mTOR inhibitor (%) 4 (19) 10 (8) 0.1

Low exposure to CNIs or mTORi‡ (%) 12 (57) 13 (10) <0.001

Noncompliance to immunosuppressive therapy 3 (14) 2 (0.7) 0.02
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predictive factors for developing a DSA were determined by

univariate and multivariate regression analyses. Factors

associated, by univariate analyses (at a significance of

P < 0.05), with the detection of DSAs after transplantation

were selected for inclusion in multivariate analyses. Survival

rates were presented in Kaplan–Meier curves. A P-value of

<0.05 was considered statistically significant.

Results

Incidence of de novo DSAs

At the last follow-up, that is, 34 (1.5–77) months after

liver transplantation, 21 patients (14%) had developed de

novo DSAs. Of these, only five patients had C1q-binding

DSAs (24%). Three patients (14%) had developed only

anti-class I DSAs: that is, one patient had developed an

anti-A antibody, one patient had developed an anti-B anti-

body, and one patient had developed two anti-B antibod-

ies. Sixteen patients (76%) developed only anti-class II

DSAs [anti-DR (n = 3), anti-DQ (n = 11), and both anti-

DR and anti-DQ (n = 2)]. The two remaining patients

(10%) developed both anti-class I and II DSAs (one anti-

A and anti-DQ, and the other an anti-A, anti-B, and anti-

DR). Twelve patients developed one DSA, eight patients

have developed two DSAs, and one patient presented with

five DSAs.

Seven patients (34%) developed at least one DSA within

the first 6 months post-transplantation, of which six cases

developed within the first-month post-transplant. Six other

patients (29%) developed DSAs between months 6 and 12

post-transplant. The eight remaining patients (37%)

developed DSAs after 1-year post-transplant (Fig. 1a).

None of the three patients who received a second liver

transplant developed a de novo DSA.

In 10 patients, DSAs were detected at the routine annual

screening for anti-HLA antibodies, for the 11 remaining

patients DSAs were assessed and found to be positive because

they presented with liver tests abnormalities. Ten of the last

11 patients have developed an acute humoral rejection.

Risk factors for de novo DSAs

We looked for the predictive factors for the development of

de novo DSAs. Results from the univariate analysis are pre-

sented in Table 1. The following variables were included in

the multivariate analysis: recipient’s age at transplantation,

the use of cyclosporin A at transplantation (versus no

cyclosporine A), the use of cyclosporin A at month 3 post-

transplantation (versus no cyclosporine A), conversion

from tacrolimus to cyclosporine A or vice versa, low expo-

sure to calcineurin inhibitor levels (defined as a tacrolimus

trough level <5 ng/mL or cyclosporin A at a 2-h concentra-

tion of <500 ng/mL), or to everolimus (trough level <5 ng/

mL) for at least 1 week after transplantation and a history

of noncompliance. Low exposure to calcineurin inhibitors

or to mammalian target of rapamycin inhibitors [OR 14.2;

95% CI (4.3–46.9), P < 0.0001], and noncompliance [OR

17; 95% CI (1.7–175.9), P = 0.01] have been identified as

predictive factors for de novo DSA formation. Conversely,

older age of the recipients at transplantation had a signifi-

Table 1. continued

Variable De novo DSAs (n = 21) No DSAs (n = 131) P-value

HLA class I and II mismatches, 5.52 � 1.53 5.55 � 1.73 NS

HLA-A, HLA-B mismatches 2.95 � 1.11 3.04 � 1.03 NS

HLA-DR, HLA-DQ mismatches 2.57 � 1.16 2.51 � 1.18 NS

Pretransplant non-DSA anti-HLA antibodies (%) 2 (12) 21 (16) NS

Pretransplant anti-HLA antibodies DSAs (%) 0 0 NS

Initial positive CDC T- or B-cell cross-match (%) 0 0 NS

Time between transplantation and the last follow-up (months) 39 (6–71) 33 (1.5–77) NS

De novo non-DSA anti-HLA antibodies (%) 10 (48) 12 (9) <0.001

De novo non-DSA anti-HLA class I antibodies (%) 7 (34) 10 (8) <0.001

De novo non-DSA anti-HLA class II antibodies (%) 7 (43) 4 (3) <0.001

Acute rejections (until last follow-up) (%) 11 (52) 28 (21) 0.005

Steroid-sensitive rejection episodes/patient 2 (12) 22 (16) NS

Non-steroid-sensitive rejection episodes/patient 1 (5) 8 (6) NS

Antibody-mediated rejection, n (%) 9 (53) 0 <0.0001

DSA, donor-specific antibodies; MELD, Model for End-Stage Liver Disease; AIH, autoimmune hepatitis; PSC, primary sclerosing cirrhosis; PBC, primary

biliary cirrhosis; CMV, cytomegalovirus; HCV, hepatitis C virus; C2, 2 h after intake concentration; CsA, cyclosporin A; HLA, human leukocyte antigen;

CDC, complement-dependent cytotoxicity, CNI, calcineurin inhibitors; mTORi, mTOR inhibitors; NS, not significant.

*Two patients in the non-DSA group died within the first 3 months after liver transplantation.

†Eight patients in the non-DSA group died within the first 12 months after liver transplantation.

‡Low exposure was defined as a tacrolimus trough level <5 ng/mL or a cyclosporin A C2 level <500 ng/mL or an everolimus trough level <5 ng/mL for

at least 1 week.
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cantly lower likelihood of de novo DSA occurrence [OR 0.9;

95% CI (0.88–0.97), P = 0.002].

Incidence of antibody-mediated rejection

Patients with de novo DSAs

Nine of the 21 patients who developed de novo anti-HLA

DSAs (43%) presented with an episode of rejection that

met the criteria for acute antibody-mediated rejection, that

is, sudden alteration of liver-function tests, de novo anti-

HLA DSAs, histological changes that were compatible

(Table 2) with antibody-mediated rejection, with diffuse

positive C4d staining and non-steroid-sensitive rejection.

All other causes of acute liver disruption were ruled out.

HEV RNA, HCV RNA, HBV DNA, CMV DNA, HHV6

RNA were negative in all patients. Liver ultrasonography

was considered as normal. Toxin and drug causes on anam-

nesis. Six of the nine AMR episodes occurred at 3 months

after transplantation (Fig. 1b). Seven of the nine patients

had combined T-cell and antibody-mediated rejection, and

the last two patients had isolated AMR.

Two other patients presented with steroid-sensitive rejec-

tion (10%). It occurred in one patient before DSAs were

detected and in another patient after a DSA had developed.

Both these acute rejection episodes were successfully treated

by pulses of steroids.

One additional patient presented with non-steroid-sensi-

tive cellular rejection. The histological findings did not

meet the criteria for AMR, that is, absence of optical AMR-

related microvasculitis and negative C4d staining. However,

there was a marked T-cell infiltration in the portal tract

and in the bile ducts, as well as a subendothelial infiltration

involving most of the portal venules.

The nine remaining patients had no alteration of liver-

function and normal liver biopsies. However, afterward, no

serial liver biopsies were performed to detect subclinical

AMR.

Patients without DSAs

During the follow-up, 22 of the 131 (16%) patients without

DSAs presented with steroid-sensitive rejection (P = NS,

compared to the group of patients with DSAs). Eight other

patients presented an acute rejection episode that required

the use of polyclonal antibodies (6%; P = NS compared to

the group of patients with DSAs).

Comparison between patients with DSAs who did or did

not experience an AMR episode

We compared the patients’ characteristics, and clinical bio-

logical and histological findings between patients with de

novo DSAs who did or did not experience AMR (Table 3).

The proportion of patients that had positive C4d staining

was significantly higher in patients experiencing AMR (9/9:

100%) compared to those who did not (1/12: 8.3%;

P < 0.0001). This was the sole statistical difference between

the two groups.

Of note, the proportion of patients with C1q-binding

DSAs did not differ significantly between patients who did

or did not experience AMR (P = 0.1).
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Table 3. Comparison between liver-transplant patients with donor-specific antibodies who did or did not experience antibody-mediated rejection.

Variables De novo DSAs with AMR (n = 9) De novo DSAs without AMR (n = 12) P-value

Median recipient age at transplantation (years) 52 (18–63) 52 (19–60) NS

Median donor age (years) 45 (17–77) 44 (30–71) NS

Median MELD score 28 (14–40) 22 (6–40) NS

Median Child–Pugh score 11.5 (8–15) 9 (5–15) NS

Gender, male (%) 6 (67) 10 (83) NS

HLA mismatch class I and II 5 � 1.7 5.9 � 1.3 NS

Class I 2.9 � 1.5 3 � 0.9 NS

A 1.4 � 0.9 1.4 � 0.5 NS

B 1.4 � 0.7 1.6 � 0.5 NS

Class II 2.1 � 1.4 2.9 � 0.9 NS

DR 1.4 � 0.5 1.5 � 0.5 NS

DQ 1 � 0.7 1.4 � 0.6 NS

Induction therapy (%) 7 (78) 9 (75) NS

Polyclonal antibodies (%) 3 (33) 0 NS

Anti-interleukin receptor blockers (%) 4 (45) 9 (75) NS

Cause of liver disease (%)

Viral hepatitis 2 (22) 7 (58) NS

Alcoholic liver disease 5 (56) 3 (25) NS

Autoimmune disease (AIH, PSC, PBC) 2 (22) 1 (13) NS

Other 0 1 (13) NS

CMV infection, n (%) 3 (33) 2 (17) NS

Positive HCV RNA, n (%) 2 (22) 5 (42) NS

Interferon use at post-transplantation, n (%) 0 2 NS

Initial immunosuppressive therapy

Calcineurin inhibitors (%) 9 (100) 12 (100) NS

Tacrolimus (%) 8 (89) 11 (92) NS

Cyclosporine A (%) 1 (11) 1 (8) NS

Mycophenolic acid (%) 9 (100) 12 (100) NS

Steroids (%) 8 (89) 12 (100) NS

Immunosuppression therapy at 3 months

Calcineurin inhibitors (%) 9 (100) 10 (83) NS

Tacrolimus (%) 6 (67) 8 (67) NS

Tacrolimus trough level (ng/mL) 8.2 � 4 9.1 � 2 NS

Cyclosporine A (%) 3 (33) 2 (17) NS

C2 cyclosporine A (ng/mL) 917 � 288 658 � 181 NS

Mycophenolic acid (%) 9 (100) 12 (100) NS

Mycophenolic acid dose (mg/day) 1250 � 584 1556 � 726 NS

Everolimus (%) 0 2 NS

Everolimus trough level (ng/mL) – 5.25 � 0.3 –

Steroids (%) 8 (89) 12 (100) NS

Steroid dose (mg/day) 11.8 � 7 7.5 � 2.6 NS

Immunosuppression therapy at 1 year

Calcineurin inhibitors (%) 9 (100) 10 (83) NS

Tacrolimus (%) 9 (100) 9 (75) NS

Tacrolimus trough level (ng/mL) 8.8 � 3.7 5.9 � 2.3 NS

Cyclosporine A (%) 0 1 NS

C2 cyclosporine A (ng/mL) – 905 –

Mycophenolic acid (%) 8 (89) 11 (92) NS

Mycophenolic acid dose (mg/day) 1062 � 620 954 � 151 NS

Everolimus (%) 0 1 (8) NS

Everolimus trough level (ng/mL) – 4.5 –

Steroids (%) 7 (78) 10 (83) NS

Steroid dose (mg/day) 5.7 � 2 6 � 2 NS

Immunosuppressive therapy at DSA detection

Calcineurin inhibitors (%) 9 (100) 8 (67) NS

Tacrolimus (%) 4 (44) 6 (50) NS
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Management of patients experiencing AMR

All nine patients who experienced an acute AMR were

treated by pulses of steroids (10 mg/kg/day for 3 days;

n = 9), and one or several of the following treatments:

plasmapheresis (five sessions; n = 6), rituximab (375 m/

m²/week for 2 weeks; n = 8), polyclonal antibodies (Thy-

moglobulins�, 1.5 mg/kg/day for 5 days; n = 2), and

intravenous immunoglobulins (1 g/kg/day for 2 days;

n = 6) (Table 2). In addition, all patients but one were given

an immunosuppressive regimen based on tacrolimus (target

trough level: 5–8 ng/mL), mycophenolic acid (1 g/day),

and low-dose steroids (5 mg/day). After a median follow-

up of 36 (3–65) months after DSAs were first detected,

they became undetectable in five of the nine treated

patients.

Liver-enzyme levels returned to within normal ranges in

six patients, remained stable in one patient, but severe

cholestasis persisted in one patient without liver failure.

One patient presented at 2 months after diagnosis of hepa-

torenal syndrome with liver failure: despite salvage therapy

with polyclonal antibodies they had to undergo a second

transplantation (Table 2, Fig. S1).

Of note, of the five of the 12 patients with a DSA that

did not develop acute AMR (42%), DSAs became unde-

tectable after a median follow-up of 7 (5–12) months after

first detection. Four patients had anti-class II antibodies,

and one patient had anti-class I antibodies. The mean MFI

of the immunodominant DSA was 4100 � 3500. None of

the DSAs were C1q positive. The time since transplantation

and the occurrence of de novo DSAs, the MFI of the

immunodominant DSA, the sum of MFIs, and binding or

not the C1q did not differ significantly between patients in

whom DSAs became undetectable spontaneously or after

specific therapy (data not shown).

Impact of de novo DSAs on patient- and graft-survival

rates

Overall, during the follow-up period, 27 patients (17%)

died. At last follow-up, the death rate did not differ signifi-

cantly between patients who developed de novo DSAs and

Table 3. continued

Variables De novo DSAs with AMR (n = 9) De novo DSAs without AMR (n = 12) P-value

Tacrolimus trough level (ng/mL) 8.4 � 1.6 5.7 � 2.4 NS

Cyclosporine A (%) 5 (56) 2 (17) NS

C2 cyclosporine A (ng/mL) 474 � 274 646 � 387 NS

Mycophenolic acid (%) 6 (67) 11 (92) NS

Mycophenolic acid dose (mg/day) 1584 � 665 1000 NS

Everolimus (%) 0 3 NS

Everolimus trough level (ng/mL) – 8.7 � 4.3 –

Steroids (%) 8 (89) 10 (83) NS

Steroid dose (mg/day) 16.2 � 18 6.4 � 4.5 NS

Triple immunosuppressive regimen 5 (56) 6 (50) NS

Double immunosuppressive regimen 4 (44) 6 (50) NS

Low exposure to CNIs or mTORi * (%) 4 (44) 8 (67) NS

Noncompliance to immunosuppressive therapy 3 (33) 0 0.06

Time between transplantation and last follow-up (months) 39.5 (18–71) 35.7 (6.5–71) NS

DSA type

Class I 3 (33) 2 (17) NS

A 2 (22) 1 (8.5) NS

B 2 (22) 1 (8.5) NS

Class II 8 (89) 10 (83) NS

DR 4 (44) 1 (8.5) NS

DQ 5 (56) 9 (75) NS

Median number of DSAs (ranges) 2 (1–5) 1 (1–2) 0.1

MFI of the immunodominant DSAs 7000 � 4500 7000 � 5200 NS

MFI sum 12 000 � 8000 9000 � 7600 NS

C1q binding to DSA (%) 4 (45) 1 (8) 0.1

Positive C4d staining 9 (100) 1 (8) <0.0001

DSA, donor-specific antibodies; MELD, Model for End-Stage Liver Disease; AIH, autoimmune hepatitis; PSC, primary sclerosing cirrhosis; PBC, primary

biliary cirrhosis; CMV, cytomegalovirus; HCV, hepatitis C virus; C2, 2 h after intake concentration; CsA, cyclosporin A; HLA, human leukocyte antigen;

CNI, calcineurin inhibitors; mTORi, mTOR inhibitors; MFI, mean fluorescence intensity; NS, not significant.

*Low exposure was defined as a tacrolimus trough level <5 ng/mL, or cyclosporin A C2 level <500 ng/mL, or everolimus trough level <5 ng/mL at for

least 1 week.
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those who did not, that is, respectively, 1 of 21 (5%) and 26

of 131 (19.8%; P = 0.12) (Fig. 2a). In patients without

DSAs, the deaths were related to infectious complications

(n = 8), the recurrence of hepatocellular carcinoma or de

novo cancer (n = 11), cardiovascular disease (n = 4),

chronic rejection (n = 1), or death during retransplanta-

tion after hepatic artery thrombosis (n = 2). One patient

with a DSA, but without a history of antibody-mediated

rejection, died after recurrence of hepatocellular carci-

noma.

At last follow-up, graft survival was similar between

patients who developed DSAs (95.2%) and those who did

not (98.5%) (Fig. 2b). Two patients without a DSA experi-

enced a hepatic artery thrombosis that required retrans-

plantation, and one patient with a de novo DSA, which

caused an acute antibody-mediated rejection that did not

reverse after specific therapy, developed hepatorenal syn-

drome and liver failure that required a retransplantation.

Discussion

After liver transplantation, several studies have shown that

preformed DSAs and DSAs detected in maintenance liver-

transplant patients are associated with an increased risk of

acute rejection and reduced allograft survival [9,12,15,20–
24]. To the best of our knowledge, only one study has

assessed the incidence of DSAs in de novo liver-transplant

patients. In the present study, we have studied the

incidence and impact of de novo DSAs in a cohort of 152

de novo liver-transplant patients. Our findings are fivefold:

(i) The incidence of DSAs was 14%; (ii) independent

predictive factors for DSA formation were that they

occurred in younger patients who had low exposure to

immunosuppressants coupled with noncompliance; (iii)

forty-three percent of patients with de novo DSAs experi-

enced an AMR episode; (iv) no predictive factors for AMR

were found; and (v) in all patients but two, AMR was suc-

cessfully treated by plasmapheresis, and/or rituximab, and/

or Intravenous immunoglobulins, and/or polyclonal

antibodies.

In the present study, after a median follow-up of 34

(1.5–77) months, we observed an overall 14% incidence of

DSAs. At 1-year post-transplantation, the incidence of

DSAs was 9.3%. Although the cut-off MFI used for defining

a DSA differed between the present study (MFI ≥1000) and
the study by Kaneku el al. (MFI >5000) [15], the results

from both studies are very similar. Kaneku et al. reported a

1-year incidence of de novo DSAs of 8.1% [15]. The major-

ity of DSAs were directed against anti-class II antigens:

95% in their study [15] and 86% in our study. Nearly half

of the patients (53%) developed one DSA in our study

compared to 75% in their study [15]. As previously

described [12,15], in the present study, the majority of de

novo DSAs were directed against anti-DQ locus (52%). The

mechanism of increased risk of anti-DQ DSAs is not well

known.
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Figure 2 (a) Survival of patients according to the presence or not of donor-specific antibodies. (b) Death censored grafts’ survival according to the

presence or not of donor-specific antibodies. DSA, donor-specific antibodies; NS, not significant.
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However, our study is the first to look for C1q-binding

de novo DSAs liver-transplant patients. Twenty-four per-

cent of DSAs were bound with C1q. To note, five of the

nine patients who developed antibody-mediated rejection

were C1q negative. This observation is in line with recent

reports documenting the existence of complement-fixing

DSAs that are undetectable by standard C1q-binding assays

[25,26]. Overall, the incidence of DSAs seems to be lower

in liver-transplant patients compared to kidney-transplant

patients [27,28]. This may be related to the ability of the

liver to absorb anti-HLA antibodies, mainly anti-class I

antibodies [27].

Quite similar risk factors for DSAs formation were

observed in our study and the study by Kaneku et al. In

this latter study, the use of cyclosporine A compared to

tacrolimus was an independent predictive factor for de

novo DSAs. In our study, patients treated by cyclosporine

A were more likely to develop DSAs. However, this was

not identified as an independent predictive factor for DSA

formation. Conversely, in both studies, a younger age and

under immunosuppression, that is, low exposure to cal-

cineurin inhibitors or to mTOR inhibitors were indepen-

dent predictive factors for DSAs. In addition, confirmed

noncompliance was associated with the occurrence of

DSAs. In maintenance liver-transplant patients, younger

age has also been identified as a predictor for DSA forma-

tion [12]. These data suggest that adequate exposure to

immunosuppressive drugs is required to avoid the devel-

opment of DSAs, especially in younger recipients who are

known to have a higher risk of noncompliance after both

liver and kidney transplantation [12,28,29].

For the first time, we report the incidence of AMR in

liver transplantation. It occurred in 6% of liver-transplant

patients after a median follow-up of 22 (1–66) months

post-transplantation, and in 43% of patients who devel-

oped a de novo DSA. All patients had increased liver-en-

zyme levels, histological features of AMR (as previously

described by O’Leary et al.), and positive C4d staining.

C1q-binding DSAs that were associated with increased

kidney-allograft loss [30] were more likely to be associated

with AMR (P = 0.1). However, the lack of statistical dif-

ference is probably related to the small number of patients

with DSAs in our study. A larger sample is required to

assess the impact of complement-binding DSAs on the

development of AMR. Interestingly, some patients devel-

oped AMR in the presence of a DSA and a low MFI.

As previously reported for kidney- [31] and liver-trans-

plant patients [32] presenting with AMR, the use of ritux-

imab associated with the removal of anti-HLA antibodies

by plasmapheresis and/or intravenous immunoglobulins

was successfully used in seven of the nine patients with

AMR. One patient had persistent cholestasis, and treat-

ment failed in one patient who required retransplantation.

At the last follow-up, five of the nine patients who pre-

sented with AMR had undetectable DSAs. Interestingly,

among the 12 patients who developed DSAs without expe-

riencing AMR, five had undetectable DSAs at the last fol-

low-up without needing a specific therapy. This agrees

with previous reports, which have shown that some liver-

transplant patients with preformed DSAs or maintenance

patients can become spontaneously cleared of DSAs. These

data suggest that all liver-transplant patients who develop

DSAs will not necessarily present with acute AMR.

However, the long-term impact on liver histology is still

unknown.

In contrast to Kaneku et al. [15], who found significantly

decreased patient- and graft-survival rates in liver-trans-

plant patients with DSAs, we did not observe a significant

difference in the survival of patients either with or without

DSAs. This could be related to the early diagnosis and treat-

ment of AMR in our series. O’Leary et al. [23] have previ-

ously reported that early graft failure can be related to

antibody-mediated rejection. Our data suggest that liver-

transplant patients who present with liver dysfunction

should be screened for DSAs, should undergo a liver biopsy

that searches for AMR, and should receive early treatment

if necessary.

Our study has several limitations. Firstly, we did not real-

ize complete donor and recipient HLA-C and HLA DP typ-

ing. However, none of our patients who developed DSAs

had anti-HLA antibodies directed against these two loci.

Secondly, we did not analyze the DSA IgG subclasses.

Kaneku et al. [33] have previously reported that DSAs

IgG3 were more frequently observed in patients with

chronic rejection and graft loss. Herein, we analyzed the

capacity of DSAs to bind with C1q.

In conclusion, DSAs occurred in 14% of de novo liver-

transplant patients, mainly in those with a low exposure to

immunosuppressants. AMR occurred in 6% of cases.

Plasmapheresis and immunosuppressive therapy that tar-

geted B-cells was successfully used in this setting. Larger

studies are required to confirm these data.
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Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Figure S1. Outcome of the nine patients who developed

antibody-mediated rejection. Abbreviations: ALT, alanine

aminotransferase; GGT, gamma glutamyl transpeptidase; S,

steroids; PE, plasma exchange; IvIg, intravenous

immunoglobulin.

References

1. Demetris AJ, Nakamura K, Yagihashi A, et al. A clinico-

pathological study of human liver allograft recipients har-

boring preformed IgG lymphocytotoxic antibodies.

Hepatology 1992; 16: 671.

2. Demetris AJ, Murase N, Nakamura K, et al. Immunopathol-

ogy of antibodies as effectors of orthotopic liver allograft

rejection. Semin Liver Dis 1992; 12: 51.

3. Nakamura K, Murase N, Becich MJ, et al. Liver allograft

rejection in sensitized recipients. Observations in a clini-

cally relevant small animal model. Am J Pathol 1993; 142:

1383.

4. Ogura K, Koyama H, Takemoto S, Terasaki PI, Busuttil RW.

Significance of a positive crossmatch on outcome in

human liver transplantation. Transplant Proc 1992;

24: 1465.

5. Takaya S, Duquesnoy R, Iwaki Y, et al. Positive crossmatch

in primary human liver allografts under cyclosporine or FK

506 therapy. Transplant Proc 1991; 23: 396.

6. Starzl TE, Demetris AJ, Todo S, et al. Evidence for hypera-

cute rejection of human liver grafts: the case of the canary

kidneys. Clin Transplant 1989; 3: 37.

7. Kozlowski T, Rubinas T, Nickeleit V, et al. Liver allograft

antibody-mediated rejection with demonstration of sinu-

soidal C4d staining and circulating donor-specific antibod-

ies. Liver Transpl 2011; 17:357.

8. Paterno F, Shiller M, Tillery G, et al. Bortezomib for acute

antibody-mediated rejection in liver transplantation. Am J

Transplant 2012; 12: 2526.

9. Musat AI, Pigott CM, Ellis TM, et al. Pretransplant donor-

specific anti-hla antibodies as predictors of early allograft

rejection in ABO-compatible liver transplantation. Liver

Transpl 2013; 19: 1132.

10. Musat AI, Agni RM, Wai PY, et al. The significance of

donor-specific HLA antibodies in rejection and ductopenia

development in ABO compatible liver transplantation.

Am J Transplant 2011; 11: 500.

11. Demetris AJ, Markus BH, Burnham J, et al. Antibody depo-

sition in liver allografts with chronic rejection. Transplant

Proc 1987; 19: 121.

12. Del Bello A, Congy-Jolivet N, Muscari F, et al. Prevalence,

Incidence and risk factors for Donor Specific anti-HLA

antibodies in maintenance liver transplant patients.

Am J Transplant 2014; 14: 867.

13. Miyagawa-Hayashino A, Yoshizawa A, Uchida Y, et al. Pro-

gressive graft fibrosis and donor-specific human leukocyte

antigen antibodies in pediatric late liver allografts. Liver

Transpl 2012; 18: 1333.

14. Iacob S, Cicinnati VR, Dechene A, et al. Genetic, immuno-

logical and clinical risk factors for biliary strictures following

liver transplantation. Liver Int 2012; 32: 1253.

15. Kaneku H, O’Leary JG, Banuelos N, et al. De novo donor

specific HLA antibodies decrease patient and graft survival in

liver transplant recipients. Am J Transplant 2013; 13: 1541.

16. Chin C, Chen G, Sequeria F, et al. Clinical usefulness of a

novel C1q assay to detect immunoglobulin G antibodies

capable of fixing complement in sensitized pediatric heart

transplant patients. J Heart Lung Transplant 2011; 30: 158.

17. Demetris AJ, Batts KP, Dhillon AP, et al. Banff schema for

grading liver allograft rejection: an international consensus

document. Hepatology 1997; 25: 658.

18. Demetris AJ, Adams D, Bellamy C, Blackolmer K, Clouston

A, Dhillon AP. Update of the international Banff schema for

liver allograft rejection: working recommendations for the

histopathologic staging and reporting of chronic rejection.

Hepatology 2000; 31: 792.

19. O’Leary JG, Shiller MS, Bellamy C, et al. Acute liver allograft

antibody-mediated rejection: an inter-institutional study of

significant histopathological features. Liver Transpl 2014; 20:

1244.

20. O’Leary JG, Kaneku H, Jennings LW, et al. Preformed class

II donor-specific antibodies are associated with increased

risk of early rejection after liver transplantation. Liver

Transpl 2013; 19: 973.

21. Ruiz R, Tomiyama K, Goldstein RM, et al. Implications of a

positive crossmatch in liver transplantation: a 20-year

review. Liver Transpl 2012; 18: 455.

22. Taner T, Gandhi MJ, Sanderson SO, Poterucha CR, De Goey

SR, Stegall MD, et al. Prevalence, course and impact of HLA

donor-specific antibodies in liver transplantation in the first

year. Am J Transplant 2012; 12: 1504.

23. O’Leary JG, Kaneku H, Demetris AJ, et al. Antibody-

mediated rejection as a contributor to previously unex-

plained early liver allograft loss. Liver Transpl 2014; 20: 218.

24. Castillo-Rama M, Castro MJ, Bernardo I, et al. Preformed

antibodies detected by cytotoxic assay or multibead array

decrease liver allograft survival: role of human leukocyte

antigen compatibility. Liver Transpl 2008; 14: 554.

25. Schaub S, H€onger G, Koller MT, Liwski R, Amico P. Deter-

minants of C1q binding in the single antigen bead assay.

Transplantation 2014; 98: 387.

26. Yell M, Muth BL, Kaufman DB, Djamali A, Ellis TM. C1q

Binding activity of de novo donor-specific HLA antibodies

in renal transplant recipients with and without antibody-

mediated rejection. Transplantation 2015; 99: 1151.

27. Wiebe C, Gibson IW, Blydt-Hansen TD, et al. Evolution

and clinical pathologic correlations of de novo donor-

© 2015 Steunstichting ESOT 28 (2015) 1371–1382 1381

Del Bello et al. De novo DSAs liver transplantation



specific HLA antibody post kidney transplantation.

Am J Transplant 2012; 12: 1157.

28. Everly MJ, Rebelatto LM, Haisch CE, Ozawa M, ParkerK

Briley KP, et al. Incidence and impact of de novo

donor-specific alloantibodies in primary renal allografts.

Transplantation 2013; 95: 410.

29. Terasaki PI, Ozawa M. Predicting kidney graft failure by

HLA antibodies: a prospective trial. Am J Transplant 2004;

4: 438.

30. Loupy A, Lefaucheur C, Vernerey D, et al. Complement-

binding anti-HLA antibodies and kidney-allograft survival.

N Engl J Med 2013; 369: 1215.

31. Fehr T, Gaspert A. Antibody-mediated kidney allograft

rejection: therapeutic options and their experimental ratio-

nale. Transplant Int 2012; 25: 623.

32. Kamar N, Lavayssi�ere L, Muscari F, et al. Early plasma-

pheresis and rituximab for acute humoral rejection after

ABO-compatible liver transplantation. World J Gastroenterol

2009; 15: 3426.

33. Kaneku H, O’Leary JG, Taniguchi M, Susskind BM, Terasaki

P, Klintmalm GB. Donor-specific human leucocyte antigen

antibodies of the immunoglobulin G3 subclass are

associated with chronic rejection and graft loss after liver

transplantation. Liver Transpl 2012; 18: 984.

1382 © 2015 Steunstichting ESOT 28 (2015) 1371–1382

De novo DSAs liver transplantation Del Bello et al.


