
Liver Transplantation
Donor-specific Antibodies, Immunoglobulin-free
Light Chains, and BAFF Levels in Relation to Risk
of Late-onset PTLD in Liver Recipients
Eric A. Engels, MD,1 Linda W. Jennings, PhD,2 Matthew J. Everly, PharmD,3 Ola Landgren, MD, PhD,4

Kazunori Murata, PhD,4 Elizabeth L. Yanik, PhD,1 Ruth M. Pfeiffer, PhD,1 Nicholas Onaca, MD,2

and Goran B. Klintmalm, MD, PhD2

Background. Posttransplant lymphoproliferative disorder (PTLD) is a neoplastic complication of transplantation, with early
cases largely due to immunosuppression and primary Epstein-Barr virus infection. Etiology may differ for later-onset cases, but
the contributions of immunosuppression, immune reactivity to the donor organ, and chronic B cell activation are uncertain.
Methods.We conducted a case-control study of late-onset PTLD (diagnosed >1 year posttransplant) in a cohort of liver recip-
ients. We assessed serum samples (obtained >6 months before diagnosis in cases) from N = 60 cases and N = 166 matched
controls for donor-specific antibodies (DSAs, evaluable for N = 221 subjects), immunoglobulin kappa and lambda free light chains
(FLCs, N = 137), and B cell activating factor (BAFF, N = 226). Conditional or unconditional logistic regression was used to calculate
adjusted odds ratios (aORs).Results.Circulating DSAswere less common in PTLD cases than controls (18% vs 30%), although
this difference was borderline significant (aOR, 0.51; 95% confidence interval [CI], 0.24-1.10; P = 0.09). Donor-specific antibodies
against class II HLA antigens predominated and likewise showed a borderline inverse association with PTLD (aOR, 0.58; 95% CI,
0.27-1.24). The FLC levels were less frequently abnormal in cases than controls, but measurements were available for only a sub-
set and confidence intervals were wide (elevated kappa: aOR, 0.57; 95% CI, 0.15-2.12; P = 0.40; elevated lambda: aOR, 0.68;
95% CI, 0.30-1.50; P = 0.34). B cell–activating factor levels were not associated with PTLD.Conclusions.Our results suggest
that circulating DSAs are associated with decreased risk of late-onset PTLD. Because DSAs may develop in the setting of
underimmunosuppression, the inverse association with DSAs supports a role for immunosuppression in the etiology of late-
onset PTLD.
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Solid organ transplant recipients receive lifelong immu-
nosuppressive therapy to prevent rejection of the donor

organ. Posttransplant lymphoproliferative disorder (PTLD)
is an important neoplastic complication of solid organ transplan-
tation, comprising a spectrum of B cell disorders that includes
reactive lymphoid hyperplasia, polyclonal proliferations, and
non-Hodgkin lymphoma (NHL).1 Posttransplant lymphopro-
liferative disorder can be divided into early-onset cases (typically
arising in the first 1 or 2 years posttransplant) and late-onset
cases. Early-onset cases are closely associated with primary
Epstein-Barr virus (EBV) infection in the setting of intensive
induction immunosuppression.2-4 Epstein-Barr virus is also
involved in late-onset PTLD, although a smaller proportion
of cases is EBV-positive than for early-onset PTLD.2,4 HLA
mismatch between donor and recipient is a risk factor for
late-onset NHL.5

The level of immunosuppression is greatly reduced over
time after liver transplantation, because of the physicians' per-
ception that the risk of chronic rejection and loss of the donor
liver is low. Much of the immune-related pathology in organ
rejection is due to T cell responses against donor HLA and
other antigens. However, a role for B cells and antibody-
mediated rejection is increasingly recognized, including for
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liver transplants.6 Circulating donor-specific antibodies (DSAs)
directed at HLA antigens can develop posttransplant (ie, de
novo).7 Among liver recipients, de novo DSAs are associ-
ated with chronic rejection, decreased graft survival, and
increased mortality.6,8

We previously showed that elevated serum levels of immu-
noglobulin free light chains (FLCs), which are antibody frag-
ments released by activated B cells, are associated with
elevated EBV viral load levels and development of PTLD in
solid organ transplant recipients.9,10Notably, some serawere
obtained close to the time of PTLD diagnosis, so the FLCs
may have been produced by B cells from the incipient tu-
mors.9 Half of the PTLD cases in our prior study arose within
the first year after transplantation, and the associations with
FLC levels appeared largely restricted to this group.9 B cell
activating factor (BAFF, also known as B lymphocyte stimu-
lator) is a member of the tumor necrosis factor ligand family
andplays a role in B cell homeostasis. Circulating BAFF levels are
elevated among NHL patients from the general population.11

The contributions of immunosuppression, immune reac-
tivity to the donor organ, and chronic B cell activation to
late-onset PTLD remain uncertain. In the present study, we
assessed a large population of liver recipients for the associa-
tions of serumDSAs, FLCs, and BAFF levels with subsequent
risk of late-onset PTLD.
MATERIALS AND METHODS

We conducted a case-control study of late-onset PTLD
nested in a cohort of more than 3400 adult liver-only recipi-
ents followed since 1985 at Baylor UniversityMedical Center
(Dallas, TX). Liver recipients were treated with cyclosporine-
based or tacrolimus-based maintenance immunosuppression
depending on era, using as a second agent azathioprine or
mycophenolate mofetil. Alternatively, patients with hepato-
cellular carcinoma received sirolimus as a second agent (starting
in 2001). All patients received a steroid taper. Induction was
used in selective cases only. The study was approved by the
Baylor institutional review board.

Data were collected from patients at planned intervals and
clinical events (eg, acute rejection, hospitalization, death). Se-
rum samples (stored at −80°C) were obtained at 0, 0.25, 0.5,
1, 2, 5, 10, and 15 years posttransplant.

In the present study, cases (N = 60) were liver-only recipi-
ents in this cohort who developed late-onset PTLD (diagnosed
after 1 year posttransplant) and who had an appropriate
prediagnostic serum sample available for testing. Specifically,
we selected the most recent serum sample before PTLD diag-
nosis, excluding the 6-month period immediately before
PTLD diagnosis (to minimize reverse causation, ie, PTLD
producing DSAs or FLCs). Controls were liver-only recipi-
ents who were individually matched to cases and were alive
and PTLD-free at the time of PTLD in their matched case
(measured from liver transplantation). Matching was based
on transplant number (first vs 2+), age at transplant (±5 years),
use of induction immunosuppression, maintenance immu-
nosuppressant regimen at 3 months posttransplant (use of
mammalian target of rapamycin [mTOR] inhibitor, number
of maintenance medications), and availability of the same
serum sample for testing as in the matched case. We selected
up to 3 controls for case based on availability, which resulted
in N = 166 controls.
For all assays, samples were arranged in sets keeping the
cases and matched controls together, and randomly sorted
within sets so that the testing laboratories were blinded to
case-control status. For DSAs, sera were tested using a Luminex-
based single antigen bead system (LABScreen, One Lambda,
Canoga Park, CA) for IgG antibodies against multiple HLA
antigens (N = 100 for class I, N = 98 for class II). The assay
results were compared with the known donor HLA antigens
to determine which antibodies represent DSAs. Because most
preformed DSAs resolve by 1 year posttransplant,12 we as-
sumed that detected DSAs had arisen de novo. Due to incom-
plete data for some donors or antigens, results were missing
for 3 (5%) cases and 2 (1%) controls. We also captured anti-
bodies directed against self-HLA or anyHLA antigen regard-
less of whether it was present in the donor or recipient. The
BAFF levels were measured in mean fluorescence intensity
(MFI) units using a Luminex-based bead assay (Terasaki Re-
search Institute, Los Angeles, CA).

Free light chains were measured using the Freelite assay
(The Binding Site, Birmingham, UK) performed on a SPA
PLUS (Special Protein Analyzer) platform. Due to the pres-
ence of lipemia, FLC results were notmeasurable for 24 cases
(40%) and 65 controls (39%). The assay separatelymeasures
kappa and lambda FLCs. For interpretation, we describe
FLC levels as normal versus elevated (upper limit of normal:
1.94mg/dL for kappa, 2.63mg/dL for lambda). Based on the
kappa/lambda FLC ratio (normal range, 0.26-1.65), we also
categorize FLC elevations in 2 patterns: monoclonal (abnor-
mal ratio: N = 69, of which 68 had elevated kappa and/or
lambda) and polyclonal (normal ratio with elevated kappa
and/or lambda: N = 58).9 Because FLCs are elevated in peo-
ple with renal insufficiency, we used the serum creatinine
(available for 80% of subjects with FLC values) to assess
the glomerular filtration rate (GFR) based on the Modifica-
tion of Diet in Renal Disease formula.13

Among controls, we compared FLC and BAFF levels be-
tween recipients with and without DSAs using the Wilcoxon
test, and assessed the correlation of kappa and lambda FLCs
using the Spearman statistic. Conditional logistic regression,
which accounts for the matching factors, was used to esti-
mate adjusted odds ratios (aORs) comparing BAFF levels in
cases and controls. Because of missing data for FLCs and
DSAs, we compared levels in cases and controls after break-
ing the matching, using unconditional logistic regression to
derive aORs adjusted for sex, age at transplant, and days
from transplant to sample draw date. Fisher exact test was
used when comparing the prevalence of antibodies against
class I or self HLA, which were rare, in cases and controls. Fi-
nally, in a sensitivity analysis restricted to subjects transplanted
in recent years (2000-2010), we used the Fisher exact test to
compare the prevalence of DSAs and BAFF elevations in
cases and controls.
RESULTS

The study included 60 PTLD cases and 166 controls
(Table 1). Cases were described as having lymphoproliferative
disorder not otherwise specified (33%), B cell NHL (58%),
or T cell NHL (8%). Most cases (93%) occurred after a
first liver transplant, the majority (63%) were male, and
the median age at transplantation was 50 years. Only
13% received induction immunosuppression. At 3 months
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TABLE 1.

Characteristics of PTLD cases and controls

Characteristics Cases (N = 60) Controls (N = 166)

First liver transplant, N (%) 56 (93) 160 (96)
Male sex, N (%) 38 (63) 90 (54)
Age at transplantation in years, median (range) 50 (21-70) 50 (22-69)
Calendar year of transplantation, median (range) 1996 (1987-2008) 1998 (1986-2010)
Induction immunosuppression, N (%) 8 (13) 20 (12)
Number of maintenance immunosuppressant medications at month 3, N (%) 2.3 2.3
1 medication 2 (3) 4 (2)
2 medications 39 (65) 108 (65)
3 medications 19 (32) 54 (33)
mTOR inhibitor use at month 3, N (%) 0 (0) 0 (0)
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posttransplant, most cases received 2 maintenance immu-
nosuppressantmedications, and nonewas receiving immuno-
suppressionwith anmTOR inhibitor. Controlswerematchedwell
to cases on these characteristics (Table 1).

Posttransplant lymphoproliferative disorder was diagnosed
a median of 6.4 years posttransplant (range, 1.0-19.5 years).
Among cases, serum samples were obtained a median of
3.5 years posttransplant (range, 0.2-15.0 years) and 2.4 years
before PTLD diagnosis (range, 0.5-9.6 years). Among controls,
samples were obtained a median of 2.1 years posttransplant
(range, 0.1-15.0 years).

Among controls, recipients with and without DSAs had
similar levels of kappa FLC (median, 4.60 mg/dL vs 4.45
mg/dL; P = 0.70), lambda FLC (3.06 mg/dL vs 2.57 mg/dL,
P = 0.14), and BAFF (1727 vs 1138 MFI units, P = 0.77).
Kappa and lambda FLC levels were highly correlated with
each other (Spearman R = 0.80, P < 0.001).

Donor-specific antibodies were present in 18% of cases
and 30% of controls, which yielded an inverse association
of borderline significance (aOR, 0.51; 95% CI, 0.24-1.10;
P = 0.09; Figure 1). Most DSAs were directed against class
II HLA, and class II DSAs were inversely associated with
PTLD, again with borderline significance (aOR, 0.58; 95%
CI, 0.27-1.24; P = 0.16; Figure 1). Class I DSAs were present
in 4% of cases and 3% of controls (P = 1.00). Antibodies
against self HLAwere present in 5% of cases and 6% of con-
trols (P = 1.00). Of note, none of the individuals with DSAs
had been diagnosed or treated for antibody-mediated rejection
FIGURE 1. The figure shows the associations of donor-specific antibo
graphically depicts the adjusted odds ratios and 95% confidence intervals
antibody, N = 137 for FLCs, and N = 226 for BAFF. Conditional logistic re
Unconditional logistic regression was used for donor-specific antibody a
transplant to sample draw date.
during clinical follow-up. Results were similar when we re-
stricted analyses to 47 cases and 139 controls with sera ob-
tained after the first year posttransplant to capture only de
novo DSA (results not shown).

The FLC levels were less frequently abnormal in cases than
controls, but measurements were available for only a subset
of recipients and confidence intervals were very wide (ele-
vated kappa: aOR, 0.57; 95% CI, 0.15-2.12; P = 0.40; ele-
vated lambda: aOR, 0.68; 95% CI, 0.30-1.50; P = 0.34).
Associations were similar for FLCs showing a monoclonal
or polyclonal patterns (aORs, 0.49 [P = 0.31] and 0.50
[P = 0.34], respectively; Figure 1). Among subjects with mea-
sured FLC levels, renal function was similar in cases and con-
trols (median GFR, 53 mL/min vs 52 mL/min). Associations
between FLCs and case-control statuswere similar whenwe ex-
cluded individuals with GFRs below 30 mL/min (not shown).
The BAFF levels were not associatedwith PTLD risk (Figure 1).

In a sensitivity analysis restricted to individuals transplanted
during 2000 to 2010, we assessed 17 cases and 64 controls.
Cases and controls were similar with respect to the preva-
lence of DSAs (19% vs 23%, P = 1.00), but cases appeared
less likely than controls to have BAFF levels above the me-
dian value (6% vs 28%, P = 0.06).
DISCUSSION

In a case-control study of PTLD risk among liver recipients,
we assessed associations with several circulating markers of
dies, FLCs, and BAFF levels with PTLD. The forest plot on the right
. Measurements were available for N = 221 subjects for donor-specific
gression was used for BAFF analyses, accounting for matched sets.
nd FLC analyses, adjusted for sex, age at transplant, and days from
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donor-specific immune reactivity and B cell activation. The
strongest association that we observed was approximately
40% to 50% reduction in the risk of late-onset PTLD associ-
ated with the detection of DSAs (specifically, class II DSAs),
whichwas of borderline statistical significance. There was also
a suggestion of an inverse association with FLC levels, but the
wide confidence intervals preclude a firm conclusion. There
was no association between BAFF levels and PTLD risk.

Donor-specific antibodies can be present before transplan-
tation, but when identified after the first few months after
transplant, most DSAs represent de novo B cell reactivity
against the donor graft.7,8 As seen in our study, most DSAs
are directed against class II HLA antigens, and in liver recip-
ients, their presence is linked to an elevated risk of adverse
outcomes, including chronic rejection of the donor organ.6-8

Underimmunosuppression, patient nonadherence with im-
munosuppressant medications, and HLA mismatch between
donor and recipient are risk factors for the development of
de novo DSAs.8,14,15

Antibody-mediated rejection is treated with intensification
of immunosuppression, but DSAs were measured retrospec-
tively for the recipients in this study, and none of the recipients
with DSAs had been diagnosed with antibody-mediated rejec-
tion during their clinical follow-up. Instead, the inverse asso-
ciation that we observed between PTLD and DSAs could
reflect that liver recipients with DSAs received less inten-
sive immunosuppressive therapy than those without DSAs.
Underimmunosuppression puts the graft at risk of rejection,
but the lower levels of immunosuppression may allow for
better control of EBV infection and thus translate into a de-
creased risk for PTLD. We did not see differences between
cases and controls in the use of induction therapy or number
of immunosuppressant medications at 3 months after trans-
plantation, but it is possible that DSAs capture other qualita-
tive differences in immunosuppression or differences between
cases and controls at a later timepoint. Antibodies against
class I or self HLAwere rare and not associated with PTLD.

Circulating FLCs are also markers of B cell activation, but
we did not find a clear relationship with risk of late-onset
PTLD.Among individuals infectedwith human immunodefi-
ciency virus, elevated FLC levels are associated with an in-
creased risk of developing NHL.16,17 Our prior study found
higher FLC levels in PTLD cases compared with controls,
but many cases in that study had early-onset PTLD (ie, half
of the cases were diagnosed <2 years posttransplant) and
the FLC associations were strongest for the early-onset
cases.9 In contrast, the present study had only 6 PTLD cases
diagnosed less than 2 years posttransplant and, by design,
none in the first year posttransplant. Also, compared with
the intervals between FLCmeasurement and PTLD diagnosis
in the present study (median, 2.4 years), the intervals in the
prior study were much shorter (median, 0.3 year).9 There-
fore, the FLC elevations in the prior study, detected close to
the time of diagnosis, may have largely represented immuno-
globulin fragments produced by the PTLD cells themselves,
shortly before the tumor became clinically manifest and
may not have reflected the underlying immune abnormalities
early in the disease process leading to development of PTLD.

Elevated BAFF levels among kidney recipients have been
linked with an increased risk of acute antibody-mediated re-
jection.18 In our main analysis, we did not find a clear rela-
tionship of BAFF levels with risk of late-onset PTLD, but in
a sensitivity analysis restricted to the most recent transplants
there was an inverse association, again suggesting that lower
levels of immunosuppressionmay reduce PTLD risk by allowing
better immune control of EBV. Increased BAFF levels have
also been reported in patients suffering from autoimmune
diseases, including rheumatoid arthritis, systemic lupus
erythematosus, and Sjögren syndrome.19-21 Moreover, serum
BAFF levels are predictive of NHL risk among human immu-
nodeficiency virus-infected individuals.22

A strength of our study is its incorporation of multiple
markers of immune reactivity to the donor organ and B cell
activation, and it is the first study to assess DSAs and BAFF
levels in associationwith PTLD.We also assessed thesemarkers
well in advance of PTLD onset in cases, so their measurements
reflect the liver recipients’ immune status at a time when im-
munosuppression and B cell activation might be etiologically
relevant. A limitation of this study is the modest number of
PTLD cases overall. Furthermore, measurements on some re-
cipients were missing due to assay difficulties (especially for
FLCs, and to a lesser extent for DSAs), which reduced the
available information and compelled us to break the case-
control matching. FLC levels can be increased in people with
poor renal function, but renal function did not differ between
cases and controls. We lacked repeated measurements of these
markers over time, which would have been informative re-
garding their evolution from the time of transplantation until
PTLD diagnosis. Finally, because we studied late-onset PTLD,
many of the transplants were performed in an earlier era. Al-
though transplant practice, including immunosuppressive reg-
imens andmonitoring for rejection, has evolved over time, it is
unclear whether those changes would have affected associa-
tions with the markers we measured. We conducted a sensi-
tivity analysis restricted to transplants from 2000 onward,
but the number of such transplants was limited.

In conclusion, our results showed a borderline inverse as-
sociationwith class II DSAs, supporting amodel in which im-
munosuppression is an important factor contributing to the
development of late-onset PTLD. Additional methods for
characterizing the level of immunosuppression, immunoreac-
tivity to the donor, and B cell activation may provide further
insight into the etiology of PTLD, allow for better tailoring of
immunosuppressive regimens in transplant recipients, and re-
duce the incidence of PTLD.
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