In liver transplantation, ABO-incompatible liver grafts
historically have been used when no suitable identical or
compatible grafts were available. In this article, we
review the basic immunology of the A1 and A2 pheno-
types within blood type A that make this subtype suit-
able for transplantation in blood type O patients, as well
as the clinical outcomes of A2—0Q liver transplantation.
We then explore the current state of A2—0O liver trans-
plantation and potential modifications to current alloca-
tion policies to promote the use of A2 livers for ABO-
incompatible transplantation.

IMMUNOLOGY

Of the major phenotypes within blood type A, the A1
and A2 phenotypes are distinguished by their reactivity
to type B sera, which contains two major antibodies:
anti-A and anti-A1. In contrast with A1, the A2 pheno-
type has a lower cell surface expression of the A antigen

Jin Ge, M.D., M.B.A.,* John P. Roberts, M.D.," and
Jennifer C. Lai, M.D., M.B.A.**

because of the lower activity of its transferase, which
converts the H precursor polysaccharide to A antigen.’
This lower cell surface expression of the A antigen was
first exploited in skin grafting, in which cases demon-
strated similar survival rates between A2—0O and O—0O
recipients in the 1960s.? In the 1980s and 1990s, pio-
neering work conducted by researchers in Midwest
Transplant Network demonstrated that A2—O and
A2—B kidney grafts had excellent graft and patient sur-
vival rates in recipients with low anti-A titers.> Given the
successful results in kidneys, it was thought that A2
donor livers would also elicit weaker immunogenic
responses in ABO-incompatible recipients (Fig. 1).

CLINICAL OUTCOMES

Initial data from a 1999 single-center case series of six
patients who underwent A2—OQO liver transplantation
with  no augmented immunomodulation showed
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A2 Phenotype Has Lower Cell Surface Expression of the A Antigen on Red
Blood Cells
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A2 Livers Elicit Weaker Immunogenic Responses in ABO Incompatible
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FIG1 A2 livers elicit weaker immunogenic responses in ABO-incompatible recipients.

excellent intermediate-term graft survival at a mean
follow-up of 665 days, but high rates of rejection (nine
episodes among the six patients).* Subsequent case
series from Sweden and Canada reported 13 more cases
of A2—0O liver transplantation with induction immuno-
suppression; favorable graft and patient survivals rates
were reported.”® These encouraging reports prompted a
United Network for Organ Sharing (UNOS) registry-based
study of 358 A2 graft recipients from 1990 to 2010.”
Compared with O—O recipients, A2—O recipients were
found to have higher Model for End-Stage Liver Disease

Kaplan-Meier Survival Estimates for A2 to O Grafts versus
O to O Grafts
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FIG 2 Recipients of A2—0O grafts had similar 1-year posttrans-
plant survival rates compared with recipients of 0—0O grafts.
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(MELD) scores and likelihood of being hospitalized at
transplantation.” Despite this, A2—O recipients had no
significant differences in rejection episodes during the
index transplant admission or at 12 months. Notably,
unadjusted 1-, 3-, 5-, and 10-year overall survival rates
were higher in the A2 group (87%, 80%, 77%, and
63%, respectively) compared with the O group (87%,
79%, 74%, and 61%, respectively), although these
results were not statistically significant.”

We recently conducted an analysis of ABO nonidenti-
cal liver transplantation using a more contemporary
cohort of liver transplant recipients in the United States
using data from the UNOS registry from 2013 to 2015.
In this cohort, the vast majority (137/154 [87 %]) of non-
status 1 ABO-incompatible transplants were A2—0.8
Additional analyses of posttransplant survival rates dem-
onstrated that the recipients of A2—0O grafts had similar
1-year survival rates (hazard ratio 1.11, 95% confidence
interval 0.64-1.92, P = 0.72) compared with recipients
of O—0 grafts in adjusted multivariable Cox models
(Fig. 2).

POLICY IMPLEMENTATIONS

Even though A2—O liver transplantation has been
demonstrated to be safe in retrospective studies, it has
been underused across the United States. Blood type O
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FIG 3 There are still substantial regional variations in the use of A2—0 liver transplantation.

candidates currently suffer with the longest median wait
time (380 days) and highest median MELD at transplan-
tation (29). This problem is partly exacerbated by ABO-
compatible transplantation, which disproportionately
shunts O livers from O candidates at an estimated 6%
net loss in O organs.? Under current policies, O recipients
who voluntarily accept an A2 liver are allocated only five
points for blood type matching, the same as an ABO-
compatible match.'® A2—0O liver transplantation could
decrease wait-list times and mortality for O candidates,
but we found that it is being adopted in a piecemeal
fashion. Most numbers of A2—0O matching are taking
place in regions 5 (23%), 2 (14%), 11 (13%), and 3
(10%); notably, these regions were neither the ones with
the highest median MELD scores at transplantation, nor
were they similar in the relative utilization of A2—0 as a
percentage of total O transplants (Fig. 3).2 This demon-
strated that MELD score or relative donor scarcity is not
the sole driver of A2—0O transplantation, and that these
differences may reflect center-level variations or proto-
cols, which warrants further investigation.

A2 LIVER TRANSPLANTATION ACROSS THE
ABO BARRIER

Given that current Organ Procurement and Trans-
plantation Network policies have an underused
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mechanism for A2—0O, the transplantation community
should encourage the broader use of A2 livers by O
recipients. One possible modification is to treat A2
donor livers as functionally equivalent to O donor liv-
ers, awarding 10 points for blood-type matching rather
than 5 points to O recipients who accept A2 livers.
Another modification would be to promote A2—B liver
transplantation by awarding points to B recipients who
voluntarily accept A2 livers. Both of these proposals
would allow O candidates to further expand their
accessible donor pool and alleviate O—non-O shunting.
However, any policy changes that affect the allocation
of A2 donor livers may worsen the shunting of ABO-
compatible donor organs away from type A candidates:
type A donor livers are currently made available for
ABO nonidentical transplantation at a relatively low
median MELD score of 19, compared with the 28 to
34 range for other type livers.® A2—0 and A2—B in
these situations may help encourage ABO nonidentical
transplantation at higher MELD scores, thereby satisfy-
ing the mandates of the US Department of Health and
Human Services’ Final Rule. Ultimately, we believe that
the transplant community should further investigate
this topic and develop more comprehensive policies
and guidelines regarding A2 liver transplantation across
the ABO barrier.
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