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Background.ABO and HLA antibody incompatible (HLAi) renal transplants (AIT) now comprise around 10% of living donor
kidney transplants. However, the relationship between pretransplant factors and medium-term outcomes are not fully under-
stood, especially in relation to factors that may vary between centers. Methods. The comprehensive national registry of
AIT in the United Kingdom was investigated to describe the donor, recipient and transplant characteristics of AIT. Kaplan-
Meier analysis was used to compare survival of AIT to all other compatible kidney transplants performed in the United
Kingdom. Cox proportional hazards regression modeling was used to determine which pretransplant factors were associated
with transplant survival in HLAi and ABOi separately. The primary outcome was transplant survival, taking account of death and
graft failure. Results. For 522 HLAi and 357 ABO incompatible (ABOi) transplants, 5-year transplant survival rates were 71%
(95% confidence interval [CI], 66-75%) for HLAi and 83% (95% CI, 78-87%) for ABOi, compared with 88% (95% CI, 87-89%)
for 7290 standard living donor transplants, and 78% (95% CI, 77-79%) for 15 322 standard deceased donor transplants
(P < 0.0001). Increased chance of transplant loss in HLAi was associated with increasing number of donor specific HLA anti-
bodies, center performing the transplant, antibody level at the time of transplant, and an interaction between donor age and
dialysis status. In ABOi, transplant loss was associated with no use of IVIg, cytomegalovirus seronegative recipient, 000 HLA
donor-recipient mismatch; and increasing recipient age.Conclusions.Results of AITwere acceptable, certainly in the context
of a choice between living donor AITand an antibody compatible deceased donor transplant. Several factors were associatedwith
increased chance of transplant loss, and these can lead to testable hypotheses for further improving therapy.
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A fter cases of hyperacute rejection in the 1960s, trans-
plantation across ABO incompatibility (ABOi) and

across preformed donor specific HLA antibodies causing a
positive crossmatch was vetoed for many years.1-3 In the
21st century, it has become possible to transplant across an-
tibody barriers and such transplants are performed in large
numbers around the world. There are several national guide-
lines and consensus documents indicating the current under-
standing of best practice, and such transplants may be performed
outside research programme as part of routine care.4-7

However, the medium-term results of antibody incompat-
ible transplantation (AIT) are not fully clear and practice is
not fully informed by an evidence base.8 Analysis of the UK
AIT Registry enabled a more comprehensive answer to ques-
tions about outcomes than previously possible. In ABOi re-
nal transplantation, excellent results are reported but also
some larger series suggest an early increase in graft loss, or
an increase in posttransplant mortality.9-15 In HLA anti-
body incompatible (HLAi) renal transplantation many re-
ports continue to be guarded about the outcomes, especially
in transplants with high levels of donor specific HLA anti-
bodies (DSA) and in the longer term in all transplants.16-23

A consensus article published in 2013 suggested that trans-
plantation across a positive complement-dependent cytotoxic
(CDC) crossmatch (performed using antihuman globulin en-
hancement) should not be performed because of poor results
though some units in the United Kingdom do perform trans-
plantation at these antibody levels.7 A survival benefit for
transplantation from an antibody incompatible donor is re-
ported, compared with either remaining on the transplant list
or receiving a deceased donor transplant (DDT).24,25

Assessment of the results of larger multicenter series of
such transplants is also complicated by having appropriate
comparison groups. For example, it is desirable for the results
of AIT to be set in the context of all “standard” transplants.
This especially includes kidney sharing through paired/
pooled transplantation; the targeting of nondirected altruistic
donor kidneys to highly sensitized patients; and the results
of transplanting deceased donor kidneys into highly sensi-
tized recipients with no donor specific antibody barrier.
Our comprehensive registry avoids having any comparison
group that is biased by the inclusion of AITwithin the “stan-
dard” group.

To understand better the outcomes of AIT the regulatory
body for organ transplantation in the United Kingdom, NHS
Blood and Transplant (NHSBT), established the 1st compre-
hensive national registry of AIT. Analysis of this Registry
allows for complete inclusion of AIT cases and their analysis
against appropriate and complete comparison groups in
a comprehensive manner. This study has concentrated on
those factors that clinicians have control over before the
transplant, namely patient selection and risk stratification,
and pretransplant therapies.

MATERIALS AND METHODS

Cohort

NHSBT is the national body overseeing transplantation in
the United Kingdom and maintains records of all transplants
performed in the United Kingdom including follow-up data
for the duration of function of the transplant. In 2008, an ad-
ditional data set was established for all patients who had
been transplanted across preformed DSA or ABO incompat-
ibility. This included transplants where HLA antibodies were
detectable by solid phase assay (SPA) in the absence of a pos-
itive cellular crossmatch, so long as the center felt that a po-
tentially clinically relevant preformed antibody was present.
Transplants performed since 2000were eligible for inclusion.
Centers completed a detailed data set for each case, which in-
cluded pretransplant therapies and, for HLAi, some data on
the specificities and strength of pretransplant DSA.

Data were extracted from the UK Transplant Registry,
held by NHS Blood and Transplant, on all kidney only an-
tibody incompatible transplants performed in the United
Kingdom between January 1, 2001, and December 31, 2012.
Seventeen HLAi transplants were excluded from the analysis
where data specifically relating to antibody incompatibil-
ity was not reported. Six HLAi transplants were excluded
due to a lack of follow up information. There were only 3 de-
ceased donor ABOi transplants, and these were also ex-
cluded. The cohort was split by incompatibility type: 521
HLAi and 357 ABOi (55 combined HLAi and ABOi trans-
plants were included within the HLAi cohort) and were ana-
lyzed separately. Two centers performed FC but not CDC
crossmatches, an additional category of flow positive (FC)
and CDC not tested (NT) was used in analysis.

Analysis

Transplant survival was chosen as the outcome of interest
and was determined as the time from transplant until the ear-
lier of graft failure or patient death. Kaplan-Meier analysis
was used to compare AIT with all other compatible living
and DDTs in the United Kingdom. Recipients were defined
as highly sensitized if the calculated reaction frequency of
their HLA antibodies in blood group compatible donors
within the most recent 10 000 UK donor pool was greater
than or equal to 85%. Because incompatible transplants
made up only a small minority of all kidney only transplants
between 2001 and 2004 (0.2%, n = 16/6849, 11 HLAi and
5 ABOi), transplant survival estimates were compared with
all kidney transplants performed between January 1, 2005,
and December 31, 2012.

Cox proportional hazards regression models were fitted to
assess the combined effect of risk factors on the 5-year trans-
plant survival for AIT transplants. A standard stepwise ap-
proach with a 10% significance level was used to judge
whether a factor should be added to or eliminated from the
model. All factors in Tables 1 and 2 were considered as risk
factors for the HLAi and ABOi models, respectively. Some
variables, most notably recipient waiting time to transplant,
donor and recipient cytomegalovirus (CMV), cold ischemic
time, antibody removal method and dialysis status at regis-
tration, containedmissing observations.Multiple imputation
requires suitable predictors of the variables where the missing
data appear. In this instance, it was felt that there were not
enough suitable predictor variables accurately to impute the
values which were missing. Therefore, missing observations
in categorical variables were grouped together, whereas for
continuous variables the complete case was considered. The
final model did not contain any continuous variables which
had missing observations, therefore the complete cohort
was used. In the ABOi model, the analysis presented includes
40 patients for whom additional data on the incompatibility
was not returned to the Registry. For these 40 patients, values
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TABLE 1.

Demographics for antibody incompatible transplants in the United Kingdom between January 1, 2001, and December 31, 2012

HLA ABO

No. transplants 522 357

Donor age Mean (SD) 46 (13) 48 (12)
Median 46 48
Q1-Q3 36 55 39 57
Min-Max 13 77 19 71

Donor sex Unknown 0 (0) 1 (0)
Male 277 (53) 145 (41)
Female 245 (47) 211 (59)

Donor ethnicity White 452 (87) 312 (87)
Nonwhite 69 (13) 44 (12)
Unknown 1 (0) 1 (0)

Donor blood group O 296 (57) 0 (0)
A 175 (34) 212 (59)
B 40 (8) 101 (28)
AB 10 (2) 44 (12)

Not known 1 (0) 0 (0)
Donor weight, kg Mean (SD) 77 (16) 75 (14)
Recipient age Mean (SD) 45 (12) 46 (14)
Recipient sex Male 207 (40) 215 (60)

Female 315 (60) 142 (40)
Recipient ethnicity White 400 (77) 312 (87)

Nonwhite 122 (23) 45 (13)
Recipient blood group O 237 (45) 229 (64)

A 207 (40) 64 (18)
B 62 (12) 64 (18)
AB 16 (3) 0 (0)

Donor-recipient blood group O to O 201 (39) 0 (0)
A to O 26 (5) 166 (46)
A to A 134 (26) 0 (0)
B to O 9 (2) 58 (16)
O to A 64 (12) 0 (0)
A to B 9 (2) 46 (13)
B to A 5 (1) 43 (12)
AB to A 8 (2) 21 (6)
O to B 27 (5) 0 (0)
B to B 24 (5) 0 (0)
AB to B 2 (0) 18 (5)
A to AB 9 (1) 0 (0)
AB to O 0 (0) 5 (1)
O to AB 4 (1) 0 (0)
B to AB 2 (0) 0 (0)
Unknown 1 (0) 0 (0)

Graft number 1 275 (53) 322 (90)
2+ 247 (47) 35 (10)

Waiting time, d Mean (SD) 1297 (1437) 517 (685)
Median 812 326
Q1-Q3 287 1932 180 664
Min-Max 0 8443 0 8759

Time first listed, y Mean (SD) 9 (8) 2 (5)
Median 6 1
Q1-Q3 1 15 0 2
Min-Max 0 35 0 28

CRF at transplant Mean (SD) 64 (39) 14 (29)
Median 84 0
Q1-Q3 33 98 0 7
Min-Max 0 100 0 100

Continued next page
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TABLE 1. (Continued)

HLA ABO

No. transplants 522 357

Dialysis status at registration Hemodialysis 258 (49) 100 (28)
Peritoneal dialysis 86 (16) 54 (15)
Not on dialysis 120 (23) 188 (53)
Unknown 58 (11) 15 (4)

HLA mismatch at A/B/DR 000 20 (4) 27 (8)
100, 010, 110, 200, 210 95 (18) 38 (11)

020, 120, 220, 001, 101, 201, 011, 111, 211 265 (51) 142 (40)
021, 121, 221, 002, 102, 202, 012, 112, 212, 022, 122, 222 142 (27) 150 (42)

Cold ischemic time, min Mean (SD) 378 (436) 163 (87)
Median 173 165
Q1-Q3 93 480 105 203
Min-Max 22 1980 18 810

CMV match Both negative 116 (22) 112 (31)
Donor neg, Recip pos 103 (20) 39 (11)
Donor pos, Recip neg 89 (17) 73 (20)

Both positive 138 (26) 70 (20)
Unknown 76 (15) 63 (18)

Donor type Living unrelated 177 (34) 190 (53)
Living related 218 (42) 167 (47)
Deceased 127 (24) 0 (0)

Combined HLAi and ABOi transplants are included within HLAi.

All figures are N (%) unless otherwise stated. CRF, calculated reaction frequency of HLA antibodies.

pos, positive, neg, negative; Recip, recipients.
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were coded as missing for the 7 variables obtained from the
incompatibility data set for this analysis.
RESULTS

The characteristics of 522 HLAi transplants and 357
ABOi transplants are presented in Tables 1 and 2. The over-
all outcomes (Figure 1) show that the 5 year transplant
survival for ABOi and HLAi transplants (83% and 71%,
respectively) were not as good as for “standard” living
donor transplantation in highly sensitized or other individuals
(87% and 88% respectively), but were closer to the outcomes
of standard DDT in highly sensitized and other individuals
(73% and 78%).

The causes of graft failure in the AIT group, as recorded
on the NHS BT Registry, were hyperacute rejection (3); non-
viable kidney (5); rejection while taking immunosuppres-
sion (50); vascular or ureteric problems, including vascular
thrombosis (11); infection of graft (13); recurrent primary
disease (9); other (30). ‘Infection of graft’ as a cause of graft
failure in the NHSBT database does not distinguish between
bacterial and viral (for example CMVor BK virus) infections,
but there were only 13 graft failures in this category, 10% of
the total failures. The causes of death in the AIT group were
vascular and cardiac including pulmonary embolus (8), infec-
tion (18), lymphoid malignancy (2), other and unidentified
(23). The numbers of events were not high enough to include
in multivariate analysis.

Figure 2 shows the 5-year transplant survival for the HLAi
cohort divided per the pretreatment HLA antibody reactiv-
ities. This shows reduced transplant survival in all levels of
HLAi, including those who were CDC and FC crossmatch
negative but positive by SPA analysis using microbeads. At
3 and 5 years posttransplant, 82% and 54% of patients, re-
spectively, had complete follow-up data (when counting
those who had failed or died before the time point as having
complete follow up data).

Three factors and 1 interaction were found to be significant
in the model assessing 5-year transplant outcomes within the
HLAi cohort (Table 3). The model found that an increased
chance of transplant failure was associated with the presence
of 3 or more DSA. A decreased chance of transplant failure
was found for those where the transplant was performed in
units which had performed less than 30 HLAi transplants
during the period. Donor age and recipient dialysis status
at registration were also found to be statistically significant
(P = 0.013) in the model. If the recipient was not on
dialysis, then an increasing donor age showed a protective
effect with a reduced chance of transplant failure. On the
other hand, if the patient was on dialysis an increased donor
age was associated with increased chances of transplant
failure. This effect was greatest for peritoneal dialysis. In
this analysis, pretreatment crossmatch status ceased to be
significant, as there was a stronger association with pre-
transplant crossmatch status, in other words the final sample
tested before the transplant surgery, after any conditioning
therapy. Additional ABO incompatibility was not significantly
associated with outcome.

A range of combinations of pretransplant therapies was re-
ported, showing wide intercenter and intracenter variation.
There was perhaps a tendency in many centers to start with
lower levels of immunosuppression and escalate posttransplant
(either as a matter of routine or if rejection occurred), for
example in 239 HLAi transplants (46% of total), no
pretransplant use of antibody therapy (antithymocyte globu-
lin, CD20, CD52, or “other therapy”) was reported.
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TABLE 2.

Treatment for antibody incompatible transplants in the United
Kingdom between January 1, 2001, and December 31, 2012

Pretransplant IVIg treatment No 323 (62) 235 (66)
Yes 131 (25) 90 (25)

Unknown 68 (13) 32 (9)
Pretransplant Plasmapheresis

treatment
No 187 (36) 42 (12)
Yes 248 (48) 297 (83)

Unknown 87 (17) 18 (5)
Pretransplant Anti-CD20

treatment
No 334 (64) 96 (27)
Yes 103 (20) 246 (69)

Unknown 85 (16) 15 (4)
Pretransplant Anti-CD52

treatment
No 354 (68) 280 (78)
Yes 76 (15) 45 (13)

Unknown 92 (18) 32 (9)
Pretransplant Polyclonal

ATG treatment
No 420 (80) 325 (91)
Yes 26 (5) 0 (0)

Unknown 76 (15) 32 (9)
Pretransplant other treatment

(includes basiliximab)
No 223 (43) 150 (42)
Yes 236 (45) 175 (49)

Unknown 63 (12) 32 (9)
Recipient Unit A 1 (0) 47 (13)

B 12 (2) 6 (2)
C 36 (7) 24 (7)
D 26 (5) 24 (7)
E 105 (20) 9 (3)
F 0 (0) 4 (1)
G 0 (0) 1 (0)
H 34 (7) 6 (2)
I 6 (1) 2 (1)
J 0 (0) 11 (3)
K 0 (0) 2 (1)
L 40 (8) 74 (21)
M 84 (16) 61 (17)
N 2 (0) 11 (3)
O 2 (0) 6 (2)
P 98 (19) 0 (0)
Q 0 (0) 18 (5)
R 45 (9) 30 (8)
S 0 (0) 9 (3)
T 14 (3) 5 (1)
U 4 (1) 0 (0)
V 8 (2) 2 (1)
W 5 (1) 5 (1)

Year of transplant 2001-2007 133 (25) 38a (11)
2008-2009 168 (32) 105 (29)
2010-2012 221 (42) 214 (60)

DSA profileb Multiple Class I loci 58 (11)
HLA-DR only 54 (10)
Class I & II 139 (27)
HLA-A only 81 (16)
HLA-B only 80 (15)
HLA-DQ only 39 (7)
HLA-DP only 27 (5)
HLA-C only 23 (4)

Multiple Class II loci 19 (4)
Not reported 2 (0)

TABLE 2. (Continued)

DSA classb Class I 242 (46)
Class II 139 (27)

Class I and II 139 (27)
Not reported 2 (0)

DSA countb 1 264 (51)
2 133 (25)
3 66 (13)
4+ 59 (11)

Pretreatment antibody
level groupb

CDC pos, Flow pos, DSA SPA pos 72 (14)
CDC neg, Flow pos, DSA SPA pos 246 (47)
CDC neg, Flow neg, DSA SPA pos 165 (32)
CDC NT, Flow pos, DSA SPA pos 34 (7)

Unknown 5 (1)
At transplant antibody

level groupb
CDC pos, Flow pos, DSA SPA pos 20 (4)
CDC neg, Flow pos, DSA SPA pos 185 (35)
CDC neg, Flow neg, DSA SPA pos 207 (40)
CDC neg, Flow neg, DSA SPA neg 80 (15)
CDC NT, Flow pos, DSA SPA pos 13 (2)

Unknown 17 (3)
Suspected route of

sensitizationb
Transfusion 48 (9)
Pregnant 118 (23)

Multiple excluding pregnancy 60 (11)
Multiple including pregnancy 50 (10)

Transplant 123 (24)
Unknown 123 (24)

Antibody removal methodc Plasmapheresis 176 (49)
Antigen specific column 108 (30)

None (planned and unplanned) 28 (8)
Other/Unknown 45 (13)

Patient deaths Patient death 27 (5) 24 (7)
Graft failures Failed 98 (19) 31 (9)

Combined HLAi and ABOi transplants are included within HLAi.

All figures are N (%) unless otherwise stated.
aNote there were no ABOi transplants in 2001 and 2002.
bHLAi only.
cABOi only.

ATG, antithymocyte globulin; flow, flow cytometric crossmatch.
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Donor source was not associated with outcome. Although
transplant survival was lower with DDTs at 2 years post-
transplant, by 5 years, there was little difference. The 5 year
transplant survivals were 69.1% (95% confidence interval
[CI] 59.8-76.7%) for deceased donors (n = 127), 70.4%
(95% CI, 63.3-70.4%) for living related donors (n = 218),
72.5% (95% CI, 63.9-79.4%) for living unrelated donors
(n = 177).

In the model assessing 5 year transplant outcome in the
ABOi cohort, 4 factors were found to be significant: recipient
age, pretransplant IVIg treatment, CMV status, and HLA
mismatch group (Table 4). No pretransplant IVIg treatment,
recipient negative for CMV antibodies pretreatment, a
transplant with 000 donor-recipient HLA mismatches and
an increased recipient age were all associated with an in-
creased chance of transplant failure. In the ABOi cohort,
there were 357 transplants, with 31 grafts failures and 24 deaths.
In the 000 subgroups, there were 27 transplants, with 6 graft
failures and 3 deaths. Donor and recipient blood groups
were not significantly associated with outcome, including
donor blood groups A1 and A2. Of the various treatments
used, many combinations were reported. The pretransplant



FIGURE 1. Five-year transplant survival for all kidney only transplants in the United Kingdombetween January 1, 2005, and December 31, 2012.
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use of CD52 and CD 20 was segregated, though, with
4 patients receiving both pretransplant, compared with
compared with 242 who received CD20 but not CD52, and
41 who received CD52 but not CD20.
DISCUSSION

AIT is now an important part of the landscape of kidney
transplantation. During the study period over 10% of living
donor kidney transplants were HLAi or ABOi or both, mak-
ing an important contribution to transplant numbers. All
transplant units in the United Kingdom reported some AIT
activity, though some units had performed only a few such
transplants and others concentrated on 1 type of transplant
(for example, 1 unit reported 98 HLAi transplants and 0
ABOi, and another reported 1 HLAi and 47 AB0i).

This comprehensive registry, which separates all AIT trans-
plants from standard transplants, is unique internationally and
is important in defining risk accurately. Although all registries
can determine which transplants were ABO-incompatible
HLA antibody incompatible transplants are not universally
defined except in the United Kingdom. It is important that a
reference group of “standard” transplants does not contain
a significant number of HLAi transplants or the outcomes
of AITcannot be accurately defined andmay be overestimated.

The aim of this study, the first large report from the regis-
try, was to examine the 5-year outcomes of antibody incom-
patible transplants considering pretransplant immunological
risk and pretransplant therapies.

All Transplants

The overall outcomes (Figure 1) show that the 5-year
transplant survivals for ABOi and HLAi transplants (83%
and 71%, respectively) were inferior when compared with
“standard” living donor transplantation in highly sensitized
or other individuals (87% and 88%, respectively), but were
closer to the outcomes of standard DDT in highly sensitized
and other individuals (73% and 78%). This is important
information for the patient who may have a very real
choice between going ahead with an incompatible living
donor transplant (LDT) or waiting for an antibody compatible
DDT. The outcome in ABOi transplantation was less good
than that for standard transplantation, and can also be
compared with ABOi outcomes in some previous studies.
Graft survival at 5 years in our study was 90%, which is
comparable with some single centers (for example, 90%
at 4 years26) and cohort reports (for example, 82.6%10),
though not as high as reported from Japan (around 95%9).
Patient survival at 5 years in our study was 91%, lower
than that in some studies (for example, 98% in a single center
study26) but comparable with US data (88%).10

The data confirm the continuing success of the UK kidney
sharing scheme27 with 5-year transplant survival in recipients
of transplants from nondirected altruistic donors and exchange
transplants being close to other standard LDTs. Potential recip-
ients with a living donor who is antibody incompatible should
therefore consider entry into the national sharing scheme as
a preferred choice.

HLAi Multivariate Analysis

Multivariate analysis for the outcomes of HLAi transplan-
tation showed significant associations for loss with the
number of DSA, the center performing the transplant, the
antibody crossmatch status at the time of transplantation
(ie, after conditioning therapy), and in an interaction between
donor age and dialysis status.

The risk of increasing number of DSA specificities was
more important in this analysis than the crossmatch status
(though the 2 factors are associated). The class of HLA speci-
ficity was not significant, in other words, combinations of
DSA including those to HLA DP and DQ as well as to HLA
DRwere associatedwith increased risk, especially in combina-
tion with HLA class I DSA, as previously suggested.28

NHS BT performs continuous comparison of the out-
comes of all transplant centers in the United Kingdom, and
there is borderline significant difference in outcomes for
“standard” transplants. There are also known differences in
risk appetite between UK centers, for example, the propor-
tions of living and DDTs vary between centers, and the
NHSBTdonor risk index for DDTs varies between centers.29

There is also variation in the proportion of patients within
the HLAi cohort at each center who were CDC positive,
ranging from 4% to 16%, though the center effect in our
multivariate analysis was not due to CDC status because this
was included in the analysis. The center effect for HLAi re-
quires further investigation as it is potentially paradoxical,

http://www.transplantationdirect.com


FIGURE 2. Five-year transplant survival for all kidney only transplants in the United Kingdom between January 1, 2005, and December 31,
2012. A, all transplant survival; B, graft survival; C, patient survival. Levels of antibody reported pretreatment. flow, flow cytometric crossmatch;
NT, not tested. Five HLAi transplants which had an unknown pretreatment antibody level group have been excluded from this figure.
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with the centers performing fewer AIT having lower risk at
RR 0.36 (95% CI, 0.15-0.83) compared with the reference
center, which was the largest reporter to the Registry. The
highest relative risk for loss was 2.0 (95% CI, 0.88-4.52),
in a center reporting 40 HLAi transplants. It is possible that
the smaller centers were relatively risk averse and selected



TABLE 3.

Cox regression model showing the factors that affect 5 year HLAia kidney transplant outcomes, between January 1, 2001,
and December 31, 2012

Parameter Level (baseline) N Hazard ratio 95% CI P

Donor-specific antibody count 1 264 1 0.003
2 133 1.27 0.82 1.98
3 66 2.19 1.33 3.61
4+ 59 2.19 1.29 3.73

Recipient unit E 105 1 0.049
C 36 1.18 0.57 2.47
H 34 1.63 0.76 3.49
L 40 2.00 0.88 4.52
P 98 1.1 0.66 2.04
M 84 1.42 0.78 2.60
R 45 0.97 0.46 2.08

Other (<30 pts at unit) 80 0.36 0.15 0.83
At transplant antibody level group CDC neg, Flow neg, DSA SPA neg 80 1 0.020

CDC neg, Flow neg, DSA SPA pos 207 0.92 0.50 1.68
CDC neg, Flow pos, DSA SPA pos 185 1.95 1.06 3.60
CDC NT, flow pos, DSA SPA pos 13 2.12 0.64 6.98
CDC pos, Flow pos, DSA SPA pos 20 1.72 0.67 4.42

Unknown 17 0.60 0.13 2.76
Interaction between donor age and dialysis

status at registration
For each 1-y increase in donor age 0.013

Not on dialysis 120 0.96 0.92 1.00
Hemodialysis 258 1.03 1.01 1.05

Peritoneal dialysis 86 1.06 1.00 1.11
Unknown 58 1.04 1.01 1.08

a This includes all transplants where the recipient has donor-specific antibodies (ie, even those with a negative crossmatch).
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cases with less comorbidity who were better able to receive
more immunosuppression.

The risk of loss was associated with the crossmatch status
of DSA reported at the time of the transplant, rather than the
pretreatment level. This could indicate that the cut off levels
for positivity of the FC crossmatch and CDC do not reflect
the risks of transplant loss, or that the extent of reduction
in DSA reactivity during pretransplant antibody removal is
important, whatever the starting level.

The results in relation to transplants where pretransplant
DSAwere detectable by SPA usingmicrobeads but not by cel-
lular crossmatching are interesting, especially because this is
an area of continuing uncertainty and controversy in clinical
practice. Figure 2 shows that the outcomes in transplants
TABLE 4.

Cox regression model showing the factors that affect 5 year ABO
and December 31, 2012

Parameter Level (baseline)

Pretransplant IVIg treatment No
Yes

Unknown
Recipient CMV Negative

Positive
Unknown

HLA mismatch group 1 = 000
2 = [0DR and 0/1B]

3 = [0DR and 2B] or [1DR and 0/1B]
4 = [1DR and 2B] or [2DR]

Recipient age For each 1 year increase in donor age
with negative crossmatching but with DSA detectable by
SPA were lower than for standard transplants, in line with
previous reports.16,17,20,21 However, multivariate analysis in-
dicated no increased risk of transplant loss when DSA is only
detectable by SPA, additionally including cases with a posi-
tive cellular crossmatch rendered negative by pretransplant
conditioning (Table 2). This suggests that subjects with a
single DSA and low reactivity (even if FC crossmatch positive)
are at low risk, whereas subjects with multiple DSA are
at increased risk, even if the antibody reactivity is positive
only by SPA.

Donor age and dialysis status were also associated with
outcomes after HLAi transplantation, with an interaction
such that older age was associated with increased risk for
i* kidney transplant outcomes, January 1, 2001,

N Hazard ratio 95% CI P

235 1 0.04
90 0.50 0.25 1.02
70 0.43 0.18 1.01
221 1 0.07
140 0.52 0.28 0.98
34 1.33 0.58 3.06
31 1 0.04
42 0.60 0.23 1.57
160 0.33 0.14 0.73
162 0.40 0.18 0.87
395 1.02 1.00 1.05 0.03
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those on dialysis, and reduced risk for those transplanted
predialysis. This finding requires examination in the light of
the rates of antibody-mediated rejection posttransplant.

ABOi Multivariate Analysis

Multivariate analysis for factors associated with losses af-
ter ABOi transplantation showed associations with IVIg ther-
apy, CMV status, HLA mismatching and recipient age.

IVIg therapy is used (though not universally) because it re-
places immunoglobulins removed by plasmapheresis, and be-
cause it may reduce the risk of antibody mediated rejection
regardless of therapeutic antibody removal.8,14,15,21,30 It is
not currently possible to determine from our registry data
whether the association with IVIg therapy was related to re-
ductions in graft loss or in death (or both) owing to the small
numbers of events in each category. Transplant survival was
not associated with other differences in pretransplant thera-
pies, such as Rituximab, method of antibody removal, or
the center performing the transplant. One large center in
the analysis used IVIg in 74% of their transplants, other units
used it infrequently, with 6 smaller centers not reporting its
use pretransplant at all. The possible beneficial effect of IVIg
should be investigated further.

CMV status indicated an increased risk of loss if the recip-
ient was CMVantibody-negative pretreatment. The Registry
cannot at this stage determine whether the increased losses
associated with CMV seronegative status pretransplant were
directly consequent on CMV infection, or whether there was
a difference in rejection rates, or whether transplant loss was
associated with different clinical management of CMV pro-
phylaxis or disease.

An increased risk of graft loss in ABOi transplants where
there was a 000 donor-recipient HLA mismatch at loci A,
B, and DR was an unexpected finding, and requires further
examination. Possible explanations include transplantation
at higher ABO antibody levels or reduced routine immuno-
suppression because clinicians perceived a lower risk of HLA
driven rejection. More detailed study of the losses in this
group is required.

Although this is one of the largest reports of the outcomes
of AITand the only 1 from a comprehensive national registry,
there are some limitations to this analysis. One of these is var-
iation in the details of measurement of antibody levels be-
tween units. Although there is little major variation in the
method for measuring CDC crossmatch (no UK units rou-
tinely uses antihuman globulin enhancement), there are vari-
ations between laboratories in the determination of the FC
crossmatch and the level at which HLA antibodies are deter-
mined to be clinically significant when an SPA method is
used. The finding in this study that the number of DSAwas
more strongly associated with outcome than their levels sug-
gests that the methods used to measure DSA levels gave poor
risk stratification. After the final date for inclusion in this
analysis, there have been changes in laboratory practice to re-
duce prozone effect,31 and work suggesting DSA characteris-
tics such as complement fixation32 or IgG subclass profile33

might provide better risk stratification. Likewise, there is var-
iation in the measurement of ABO antibodies. This is known
to be considerable,34 and ABO antibody titres were not in-
cluded in the initial registry data set.

Transplant survival, the chosen outcome in this study, is a
composite of graft loss and death. These are likely to be
correlated, because increasing administration of immunosup-
pression for prevention or treatment of antibody-mediated
rejectionwould be expected tomake deathmore likely. A fur-
ther study would give deeper understanding of the interac-
tions by studying death and graft loss as separate outcome
measures, and including the administration of posttransplant
immunosuppression and occurrence of rejection. At present,
the numbers of events are not enough for conventional
multivariate analysis to produce robust conclusions, but
the database will accumulate rapidly, and other techniques
for analysis such as data-driven machine learning may give
additional insights.

In summary, this study indicates that AIT is widely per-
formed in the United Kingdom and that the outcomes are
good, at least for a patient facing a choice between an incom-
patible living donor and waiting for an antibody compatible
DDT. The advantage of the kidney sharing scheme is con-
firmed. The results of multivariate analysis assist with risk
stratification of current transplants and indicate important
areas for future work. The value of IVIg therapy in ABOi
transplantation should be investigated further. The association
of HLAi outcomes with DSA number and the crossmatch sta-
tus at transplant, and not pretreatment, is intriguing and sug-
gests that the response of antibody level to therapy might be
important, as well as its initial level. The finding that levels
of DSA that did not cause a positive FC crossmatch might
only be significant if there were multiple DSA might also
be important, allowing more accurate identification of
low-risk transplants that do not need augmented monitor-
ing and therapy.
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