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Abstract

Background—Because the development of donor-specific anti-HLA antibodies (DSA) after
lung transplantation has been associated with acute and chronic rejection we implemented a
clinical protocol to screen all recipients for DSA after transplantation and preemptively treat those
who develop DSA with rituximab and intravenous immune globulin (IVIG) or IVIG alone.

Methods—We conducted a prospective observational study of this protocol and used the
LABScreen® Single Antigen assay to detect DSA after transplantation. We compared the
incidence of acute rejection, lymphocytic bronchiolitis, and bronchiolitis obliterans syndrome
(BOS) between those who developed DSA and those who did not using Cox proportional hazards
models and compared freedom from BOS and survival between those who had persistent DSA and
those who had successful depletion of DSA using the Kaplan-Meier method.

Results—Among 116 recipients screened, 65 developed DSA during the study period. Those
who developed DSA and received antibody-directed therapy had a similar incidence of acute
rejection, lymphocytic bronchiolitis, and BOS as those who did not develop DSA. Furthermore,
recipients who had successful depletion of DSA had greater freedom from BOS and better survival
than those who had persistent DSA. Finally, those treated for DSA had a similar incidence of
infectious complications as those who did not develop DSA.

Conclusions—The development of DSA is surprisingly common after lung transplantation.
Antibody-directed therapy may reduce the risk of rejection associated with DSA, but a randomized
controlled trial is necessary to critically evaluate the efficacy of this treatment protocol.
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INTRODUCTION

Lung transplantation has become a conventional definitive treatment for patients with end-
stage lung disease. However, long-term outcomes remain disappointing, and the median
survival after transplantation is approximately 5 years (1). Bronchiolitis obliterans syndrome
(BOS) has emerged as the primary obstacle to better long-term outcomes. Indeed, the
incidence of BOS is approximately 40-50% within three years of transplantation (2,3). More
importantly, the median survival after the diagnosis of BOS is only three years (4). While
the pathogenesis of BOS remains elusive, several risk factors have been identified. Among
these, the development of antibodies to human leukocyte antigens (HLA) is increasingly
recognized as an important risk factor for BOS (5-7). In addition, the development of anti-
HLA antibodies has been linked to persistent, recurrent, and high-grade acute rejection as
well as lymphocytic bronchiolitis (8,9), further underscoring the potential role of humoral
immunity in graft rejection.

An in vitro study demonstrated that class | anti-HLA antibodies can induce airway epithelial
cell proliferation, the release of fibrogenic growth factors, and epithelial cell apoptosis (10).
Furthermore, studies in a murine model have shown that anti-HLA antibodies can induce
airway obliteration when administered systemically in a heterotopic tracheal transplant
model (11) and small airway obliteration when delivered intrabronchially into native lungs
(12). These findings strongly suggest that anti-HLA antibodies have a direct pathogenic
effect on airway epithelium and are not merely an epiphenomenon of the cellular immune
response.

In light of these clinical and experimental data, we developed a protocol to screen for the
development of anti-HLA antibodies and instituted a preemptive antibody-directed treatment
protocol for patients transplanted at our program. The purpose of this study is to review our
findings.

METHODS

Study design and patients

We conducted a prospective observational study of the clinical protocol we adopted in July
2006. Between 7/1/2006 and 7/31/2008, 122 adults underwent lung transplantation at our
program. Before transplantation, all patients were screened for pre-formed anti-HLA
antibodies using the LABScreen® Single Antigen assay (One Lambda Inc., Canoga Park,
CA) every 3 months. Donor lungs were accepted only if a virtual crossmatch with all
previously identified antibodies was compatible. At transplantation, all recipients had a
direct crossmatch using serum obtained the day of surgery, and the results were available
post-operatively. After transplantation, recipients were screened for donor-specific anti-
HLA antibodies (DSA) using the LABScreen® Single Antigen assay at the same time points
as our surveillance bronchoscopy schedule and when there was clinical evidence of graft
dysfunction. In addition, we performed follow-up testing for DSA every 3 months for those
who developed DSA. Because of fluctuations in mean fluorescence intensity (MFI) between
positive controls, our center’s HLA lab calculates a ratio of sample MFI to positive control
MFI and defines a ratio > 0.2 as positive (13). The study was approved by the Washington
University School of Medicine Institutional Review Board for human studies.

Management

All recipients were treated with induction immunosuppression, but some patients were
enrolled in the EZ-2053 double-blinded randomized controlled trial (ClinicalTrials.gov
Identifier NCT00105183) and may have received placebo. Otherwise, recipients were
treated with basiliximab if they were cytomegalovirus (CMV) mismatched (i.e. recipient
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seronegative and donor seropositive) or if they had severe primary graft dysfunction (PGD),
bleeding complications, coagulopathy, or were otherwise hemodynamically unstable. All
other recipients were treated with equine anti-thymocyte globulin. All recipients were
treated with a maintenance immunosuppressive regimen consisting of tacrolimus,
azathioprine 2 mg/kg daily, and prednisone. CMV mismatched recipients were treated with
valganciclovir for prophylaxis for the first 6 months after transplantation. All recipients were
screened for CMV infection with a PCR assay weekly for the first 12 weeks, monthly
thereafter, and when clinically indicated.

All recipients underwent surveillance bronchoscopy with bronchoalveolar lavage and
transbronchial lung biopsies 1, 2, 3, 6, and 12 months after transplantation. Bronchoscopy
was also performed when clinically indicated and 3-6 weeks after an episode of acute
rejection to exclude persistent rejection. All episodes of acute rejection and lymphocytic
bronchiolitis were diagnosed histologically according to the International Society for Heart
and Lung Transplantation (ISHLT) criteria (14). Spirometry was measured weekly for the
first 12 weeks then monthly thereafter, and BOS was diagnosed and staged according to the
ISHLT criteria (15).

Antibody-directed therapy

According to the clinical protocol, recipients who developed DSA after transplantation were
treated preemptively with either intravenous immune globulin (IVIG) and rituximab or IVIG
alone depending on the following clinical factors: recipients who were infected or colonized
with multi-drug resistant bacterial organisms, or had a history of recurrent infections, or had
chronic leukopenia were treated with IVIG alone. Otherwise, patients were treated with
IVIG and rituximab. We treated recipients with 1VVIG 500 mg/kg monthly for at least 6
months if the follow-up DSA screen became negative and continued monthly treatment if
follow-up screening remained positive. We used a single dose of rituximab at 375 mg/m? for
patients who met the criteria to receive it.

Statistical analysis

RESULTS

We evaluated patient demographics between the two groups using the chi-squared test. To
avoid assigning risk before the development of DSA, we compared post-transplant outcomes
between the two groups using Cox proportional hazards models with DSA as a time-
dependent variable. To assess the cumulative burden of rejection between groups, we
defined the cumulative acute rejection A score as the sum of all A scores for each subject
and evaluated the cumulative lymphocytic bronchiolitis B score similarly. We compared
freedom from BOS and survival between those who had persistent DSA and those who
cleared the DSA using the Kaplan-Meier method. We conducted the statistical analysis
using SPSS 17.0 (SPSS Inc., Chicago, IL) and considered p values < 0.05 statistically
significant.

Patients and DSA development

Follow-up was complete through 7/31/2009, and the study included 204 patient-years of
follow-up with a mean follow-up (£ standard deviation) of 1.67 + 0.82 years per patient. The
baseline characteristics of the cohort are shown in Table 1. The distribution of diagnoses
spans the spectrum of common end-stage lung diseases. The majority (94%) of recipients
had a bilateral transplant, and 47.5% were women. Of note, 46 of the 122 (37.7%) recipients
had pre-formed antibodies (allosensitized) before transplantation, and the mean number of
donor-recipient HLA mismatches at loci A, B, and DR was 5. It is also noteworthy that all
recipients had a negative direct crossmatch with the donor at the time of transplantation.
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After transplantation, 53 (43%) recipients were treated with equine anti-thymocyte globulin,
53 (43%) with basiliximab, and 17 (14%) with the EZ-2053 study drug for induction
immunosuppression. All recipients were treated with tacrolimus, azathioprine, and
prednisone for maintenance immunosuppression.

Among the 122 patients in this cohort, 6 died within 30 days of transplantation and were not
screened for the de novo development of DSA; the remaining 116 patients were screened at
least once. Among these, 65 (56%) developed DSA, and 52 of these did so in the first 90
days after transplantation, while 51 (44%) did not develop DSA during the study period. The
mean DSA MFI (z standard deviation) was 4358 + 2233, and the mean DSA MFI to positive
control MFI ratio was 0.75 £ 0.67 (Figure 1). Furthermore, 10 of the 65 recipients who
developed DSA developed antibodies only to class | antigens, 41 developed antibodies only
to class Il antigens, and 14 developed antibodies to both class | and class Il antigens. There
was no significant association between pre-transplant allosensitization and the post-
transplant development of DSA (p = 0.20).

Antibody-directed therapy and rejection

Based on our clinical protocol, recipients who had a history of recurrent infections or
leukopenia were treated with IVIG alone when they developed DSA, while others were
treated with 1VIG and rituximab. However, 4 patients developed DSA but did not receive
any antibody-directed therapy because of concurrent severe critical illness, and all died
within 30 days of DSA detection (Figure 2). Of the 65 patients who developed DSA, 44
were treated with IVIG and rituximab and 17 were treated with IVIG alone (Figure 2).
Treatment was instituted a mean (+ standard deviation) 96 + 131 days after transplantation.
Among those treated with IVIG and rituximab, 27 cleared the DSA, and 17 had persistent
DSA on follow-up testing (Figure 2). Similarly, among those treated with 1VVIG alone, 11
cleared the DSA and 6 had persistent DSA (Figure 2).

Among those who developed DSA, 36 (55%) developed at least one episode of acute
rejection grade > A2 compared to 20 of the 51 (39%) recipients who did not develop DSA
(p = 0.07; Table 2). However, of the 36 recipients who developed DSA and acute rejection,
16 developed both concurrently (within a 7 day time period), 10 developed acute rejection
first (a mean 94 £ 97 days before they developed DSA), and 10 developed DSA first (a
mean 94 + 70 days before they developed acute rejection). To avoid assigning risk before
the development of DSA, we evaluated the impact of DSA on acute rejection using a Cox
proportional hazards model with DSA as a time-dependent variable. This demonstrated that
DSA was not a significant risk factor for acute rejection grade > A2 (HR = 1.15; 95% CI:
0.63 - 2.11, p = 0.6). Furthermore, there was no significant difference in the incidence of
acute rejection grade A1, A2, or A3 between those who developed DSA and those who did
not or in the cumulative acute rejection A score between the two groups (Table 2). Similarly,
there was no significant difference in the incidence of lymphocytic bronchiolitis between the
two groups. Ten of 65 (15%) recipients who developed DSA, and 7 of 51 (14%) who did not
develop DSA had at least one episode of lymphocytic bronchiolitis grade > B2 (p = 0.78).
Furthermore, DSA evaluated as a time-dependent variable was not a significant risk factor
for lymphocytic bronchiolitis in a Cox proportional hazards model (HR = 0.96; 95% CI:
0.31-3.0, p = 0.95). Lastly, there was no association between DSA class and acute
rejection or lymphocytic bronchiolitis (Table 3).

One hundred and eleven recipients (61 DSA positive and 50 DSA negative) survived 90
days and were evaluable for BOS. Among these, 23 of the 61 (38%) who developed DSA
developed BOS, and 23 of the 50 (46%) who did not develop DSA developed BOS (p =
0.34). Two recipients developed DSA after the diagnosis of BOS, but 59 developed DSA
and were preemptively treated with antibody-directed therapy before the diagnosis of BOS.
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To evaluate the impact of DSA on BOS without assigning risk before DSA occurred, we
analyzed DSA as a time-dependent variable in a Cox proportional hazards model, and DSA
was not associated with an increased risk of BOS (HR = 1.08; 95% ClI: 0.61 -1.93,p =
0.79). Furthermore, there was no significant difference in freedom from BOS from the time
of DSA identification between those treated with I\VVIG alone and those treated with IVIG
and rituximab (log rank p = 0.19; Figure 3A). Likewise, there was no association between
DSA class and freedom from BOS (log rank p = 0.79; Figure 3B). However, recipients who
had persistent DSA were significantly more likely to develop BOS than those who cleared
the DSA (log rank p = 0.03; Figure 3C).

Infections and other adverse events

There were no significant differences in the number of episodes of CMV viremia, the
incidence of CMV pneumonia, bacterial bronchitis, bacterial pneumonia, community-
acquired respiratory viral (CARV) infection, or Aspergillus airway colonization between
those who developed DSA and those who did not (Table 4). One recipient who did not have
DSA developed invasive pulmonary aspergillosis during the study period; there were no
other cases of invasive fungal disease.

Survival and causes of death

We evaluated the impact of DSA on survival using a Cox proportional hazards model with
DSA as a time-dependent variable and found no statistically significant association between
DSA and survival (HR = 1.89; 95% CI: 0.79 — 4.51, p = 0.15). During the study period, 17
of the 65 (26%) recipients who developed DSA died compared to 9 of the 51 (18%) who did
not develop DSA (p = 0.28). Among the 17 recipients who developed DSA and died, 4 did
not receive antibody-specific treatment because of a concurrent severe critical illness, 6 were
treated with IVIG and rituximab, and 7 were treated with IVIG alone. Recipients treated
with IVIG alone had a significantly worse survival after the detection of DSA than those
treated with 1VIG and rituximab (log rank p = 0.03; Figure 4A). However, it should be
emphasized that patients were not randomized to these treatment regimens and clinical
factors that influenced the treatment decision may have impacted survival. There was no
association between DSA class and survival (log rank p = 0.46; Figure 4B). Finally,
recipients who had persistent DSA had a significantly worse survival than those who cleared
the DSA (log rank p < 0.01; Figure 4C). The most common cause of death was BOS,
accounting for 7 of the 17 deaths in the DSA positive group and 6 of the 9 deaths in the
DSA negative group (Figure 5). The second leading cause of death was pneumonia,
accounting for 6 of the 17 deaths in the DSA positive group and 3 of the 9 deaths in the
DSA negative group (Figure 5).

DISCUSSION

In this study, we evaluated the incidence of DSA after lung transplantation and the potential
role for preemptive antibody-directed treatment. Our findings demonstrate that the
development of DSA is surprisingly common. Indeed, over 50% of recipients developed
DSA, and this typically occurred early after transplantation. While the incidence of DSA
after lung transplantation in previous studies has varied between 10-27% (5-9), we attribute
the higher incidence in this study to a very sensitive antibody detection assay (16) and a
rigorous, prospective screening protocol. Furthermore, our data suggest that preemptive
antibody-directed treatment may reduce the risk of rejection associated with DSA. However,
the lack of a control group in this cohort limits our understanding of the impact of antibody-
directed therapy and underscores the need for a randomized controlled trial.
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The relationship between acute rejection and DSA is complex; however, when we evaluated
DSA as a time-dependent variable, it was not a significant risk factor for acute rejection.
Nevertheless, the co-occurrence of acute rejection and DSA in some patients emphasizes the
link between cellular and humoral immunity. Previous studies identified the development of
DSA as a significant risk factor for persistent and recurrent acute rejection, lymphocytic
bronchiolitis, and BOS (5-9). However, we did not find an association between treated DSA
and acute rejection, lymphocytic bronchiolitis, or BOS in this study, and propose that early
antibody-directed treatment may mitigate this risk of rejection. In addition, recipients who
had successful depletion of DSA had greater freedom from BOS and better survival than
those who had persistent DSA. Our data also suggest that treatment with one dose of
rituximab and monthly IVIG in conjunction with maintenance immunosuppression is
reasonably safe after lung transplantation. While recipients treated with 1\VV1G alone had
significantly worse survival than those treated with IVIG and rituximab, this may be due to
confounding variables that influenced the decision to treat with 1\VVIG alone since patients
were not randomized to the treatment assignments.

There are several limitations inherent to this study’s design. First, this was not a randomized
controlled trial, and the cohort does not include a control group who developed DSA but
was not treated with antibody-directed therapy. This makes any conclusion about the
potential benefit of antibody-directed treatment and identifying the optimal regimen
difficult. Nonetheless, our results provide an accurate assessment of the incidence of DSA
development after lung transplantation, and this can be used to calculate the necessary
sample size in future studies. Furthermore, our clinical protocol and findings will be useful
in planning randomized controlled trials focused on the efficacy of antibody-directed
treatment. Additionally, the development of DSA was surprisingly common, and this may
have been influenced by the definition of positive used by our center’s HLA lab.
Unfortunately, there is no widely accepted standardized definition of DSA positivity, and
different centers use different definitions. Indeed, using our center’s definition, the mean
DSA MFI was 4358 in this cohort. Finally, we are unable to evaluate the clinical
significance of different thresholds of DSA positivity using these data because all patients
with the exception of 4 who died within 30 days of DSA detection were treated with
antibody-directed therapy based on our center’s definition.

In conclusion, our results demonstrate that the development of DSA is surprisingly common
after lung transplantation, and a randomized controlled trial is necessary to evaluate the
efficacy of antibody-directed therapy and identify the optimal regimen.
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Figure 1.

Distributions of mean fluorescence intensity (MFI) and ratio of donor-specific anti-HLA
antibody (DSA) MFI to positive control MFI for recipients who developed DSA. Boxes
extend from the 25% to the 75™ percentiles and whiskers extend to the largest and smallest
values within 1.5 box lengths. The line within the boxes represents the median. The solid
circles represent outlier cases between 1.5 and 3 box lengths from the upper edge of the

boxes.

J Heart Lung Transplant. Author manuscript; available in PMC 2011 September 1.

oljel |oJju0) aAlIsod/vSa



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Hachem et al.

Total cohort,
n=122

n=g

Died = 30 days and
nol sereened for DSA,

Screened for DSA,
n=116
I
1 1
DSA positive, DESA negative,
n=65 n=51
No treatment,
n=51
| 1
VIG & rituximab, IVIG alone, No treatment,
n=44 n=17 n=4
Cleared DSA, n =27 Cleared DSA, n=11 No follow-up
Persistent DSA, n= 17 Persistent DSA n= 6 sCreens

Flowchart of the study, treatments, and possible outcomes.
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Freedom from bronchiolitis obliterans syndrome (BOS). There was no significant difference
in freedom from BOS between those who developed DSA and were treated with intravenous
immune globulin (IVIG) and rituximab and those who were treated with IVIG alone (A).
There was no significant difference in freedom from BOS between those who developed

DSAto Class I, Class 11, or both Class I and Class Il antigens (B). Recipients who had

persistent DSA were significantly more likely to develop BOS than those who cleared the

DSA (C).
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Figure 4.

Survival. Recipients who developed DSA and were treated with IVIG alone had a
significantly worse survival than those treated with IVIG and rituximab (A). There was no
significant survival difference between those who developed DSA to Class I, Class Il, or
both Class I and Class Il antigens (B). Recipients who had persistent DSA had a
significantly worse survival than those who cleared the DSA (C).

J Heart Lung Transplant. Author manuscript; available in PMC 2011 September 1.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Hachem et al. Page 12

18

16

14

12

10

No DSA(n=51) DSA+ (n=65) DSA+, no DSA+, IVIG alone DSA+, IVIG &
treatment (n = 4) n=17) rituximab (n = 44)

BEDS BPneumocnia OPGD Olschemic bowel B AAMR

DSA: donor-specific anti-HLA antibodies. BOS: bronchiolitis obliterans syndrome.
PGD: Primary graft dysfunction. AAMR: acute antibody-mediated rejection.

Figure 5.
Causes of death. BOS was the most frequent cause of death, followed by pneumonia.
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Table 1

Baseline characteristics for the entire cohort and for those who developed donor-specific anti-HLA antibodies
(DSA) and those who did not.

Variable Entire Dsal DSA p
cohort positive negative value
(n=122) (n=65) (n=51)
Age (range; 19 - 69; 19 - 68; 21-69; 0.36
mean + std devz) 49.6+14.7 | 48.1+158 | 50.7+13.9
Female gender 58 (47.5%) 30 (46%) 24 (47%) 0.90
Diagnosis 0.65
COPD or A1E3 41 (33.6%) 19 (29%) 18 (35%)
Cystic fibrosis 24 (19.7%) 13 (20%) 11 (21.5%)
Pulmonary fibrosis 36 (29.5%) 20 (31%) 14 (27.5%)
Pulmonary hypertension 3 (2.5%) 3 (5%) 0 (0%)
Re-transplant 6 (5%) 4 (6%) 2 (4%)
Other diagnosis 12 (10%) 6 (9%) 6 (12%)
Bilateral lung transplant 115 (94%) 62 (95%) 48 (94%) 0.64
CMV mismatch (R—/D+) 33 (27%) 14 (21.5%) 17 (33%) 0.15
CMV at risk (R+ or D+) 100 (82%) | 53 (81.5%) 42 (82%) 0.90
HLA A, B, DR mismatch 2-6; 3-6; 2-6;
(range; mean =+ std dev) 4.9 +0.96 5.0+0.8 47+11 0.17
Allosensitized pre-transplant | 46 (37.7%) 28 (43%) 16 (31%) 0.19
Study follow-up time in yrs
(mean = std dev) 1.67+0.82 | 1.64+0.77 | 1.91+0.69 0.10
Number of lung biopsies
(mean + std dev) 53+17 52+15 53+19 0.65
Number of DSA screens
(mean + std dev) 6.0+21 65+22 54+19 <0.01

1DSA: donor-specific anti-HLA antibodies.
2std dev: standard deviation.

3A1E: alpha-1 antitrypsin deficiency emphysema.
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Acute rejection profile for recipients who developed donor-specific anti-HLA antibodies (DSA) and those

Table 2
who did not”.
DSA DSA p
positive negative value
(n=65) (n=51)
At least 1 episode of acute rejection 44 (68%) 30 (59%) 0.27
grade > A1, n (% of total)
At least 1 episode of acute rejection 36 (55%) 20 (39%) 0.07
grade > A2, n (% of total)
At least 1 episode of acute rejection 8 (12%) 3(6%) 0.24
grade > A3, n (% of total)
Number of episodes of acute rejection 1.13+1.06 | 1.18+1.32 | 0.82
grade A1, mean + SD
Number of episodes of acute rejection 0.70+0.75 | 0.59+0.88 | 0.45
grade >A2, mean + SD
Number of episodes of acute rejection 0.14+0.39 | 0.06+0.24 | 0.19
grade > A3, mean + SD
Cumulative acute rejection score, mean | 2.00+1.90 | 1.82+2.20 0.65

+SD

*
There were no episodes of acute rejection grade A4 during the study period in either group.
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Table 4
Infectious complications.

Infection IVIG alone IVIG & DSA

(n=17) rituximab | negative | value

(n=44) (n=51)

Number of episodes of CMV 12+16 09+1.0 12+13 | 0.32
viremia, (mean + SD)
CMV pneumonia, n 0 1 5 0.44
Number of episodes of bacterial 22+25 15+16 13+14 | 0.20
bronchitis, (mean + SD)
Bacterial pneumonia, n 6 11 15 0.72
CARV1 infection, n 3 3 6 0.45
Aspergillus colonization, n 8 16 14 0.30

1 . . . .
CARV: community-acquired respiratory virus.
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