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Abstract
Background—Previous studies have suggested that azithromycin improves lung function in lung
transplant recipients with bronchiolitis obliterans syndrome (BOS). However, these studies did not
include a non-treated BOS control cohort or perform survival analysis. This study was undertaken
to estimate the effect of azithromycin treatment on survival in lung transplant recipients with BOS.

Methods—We conducted a retrospective cohort study of consecutive lung transplant recipients who
developed BOS between 1999 and 2007. An association between azithromycin treatment and death
was assessed using univariate and multivariable time-dependent Cox regression analysis.

Results—Of the 178 recipients that developed BOS in our study, 78 developed BOS after 2003 and
were treated with azithromycin. The azithromycin treated and untreated cohorts had similar baseline
characteristics. Univariate analysis demonstrated that azithromycin treatment was associated with a
survival advantage and this beneficial treatment effect was more pronounced when treatment was
initiated during BOS stage 1. Multivariable analysis demonstrated azithromycin treatment during
BOS stage 1 (adjusted hazard ratio=0.23, p=0.01) and absolute FEV1 value at the time of BOS stage
1 (adjusted hazard ratio=0.52, p=0.003) were both associated with a decreased risk for death.

Conclusion—In lung transplant recipients with BOS stage 1, azithromycin treatment initiated
before BOS stage 2 was independently associated with a significant reduction in the risk of death.
This finding supports the need for a randomized controlled trial to confirm the impact of azithromycin
on survival in lung transplant recipients.
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Introduction
Lung transplantation is an important therapeutic option for patients with end stage lung
diseases. Despite the benefits of transplantation, mortality rates for lung transplantation are the
highest of any solid organ transplant reaching 50% at 5 years.[1,2] Long-term survival is
limited by a form of chronic allograft dysfunction, called bronchiolitis obliterative syndrome
(BOS). BOS affects 40% of lung transplant recipients at five years and is the leading cause of
death beyond the first year of transplantation.[1,2] Thus far, no therapy has clearly proven
effective in decreasing mortality in BOS patients.

Azithromycin has been proposed as a potential treatment for BOS. Azithromycin is a macrolide
antibiotic that has anti-inflammatory, antimicrobial, and gastrointestinal pro-motility
properties. It can inhibit IL-8 associated inflammation, suppress infections, and prevent
gastroesophageal reflux, which have all been thought to contribute to BOS.[3] Based on
beneficial effects in pan-bronchiolitis and cystic fibrosis, azithromycin was proposed as a
treatment for BOS in lung transplant recipients.[4–7] Previous studies of azithromycin for
treatment of BOS have suggested improvement in lung function. These studies, however, were
limited by relatively small numbers of subjects, lacked a comparison cohort of BOS recipients
that did not receive azithromycin, followed patients for only a short length of time, and
contained no survival data.[7–12] We hypothesized that in recipients with BOS stage 1,
treatment with azithromycin would improve survival.

Accordingly, we designed a retrospective cohort study of 297 consecutive lung transplant
recipients over a 6-year period at Washington University School of Medicine/Barnes-Jewish
Hospital (WUSM/BJH) to determine the effect of azithromycin therapy for BOS on survival.
Subjects were censored at death or January 1, 2008, which allowed for up to 9 years of follow
up. Azithromycin treated recipients were analyzed collectively and then separated into cohorts
according to whether azithromycin was initiated prior to or after BOS stage 2. For survival
analysis, we employed univariate and multivariable time-dependent Cox regression analysis
with death as the primary endpoint.

Methods
Study Design

Institutional Review Board approval for this study was obtained prior to data acquisition. A
retrospective review of medical records was conducted on consecutive adult patients (age ≥
18 years) at Washington University School of Medicine/Barnes-Jewish Hospital who
underwent lung transplantation between August 1, 1998 and June 30, 2004. Follow up data
was accrued on all eligible recipients until death or through January 1, 2008. Demographic and
clinical characteristics were obtained from medical records and computerized databases.
Recipients were excluded from the study if they did not develop BOS stage 1, could not be
assessed for BOS stage 1 (due to death within 90 days of their transplant or had insufficient
pulmonary function testing due to chronic tracheostomy) or if they were treated with
azithromycin chronically for an indication other than BOS, such as mycobacterial disease.

Standard Care of Lung Transplant Subjects and Diagnostic Definitions—Pre-
transplant evaluation, surgical procedures, post-operative care, surveillance bronchoscopy
regimen, and triple-drug immunosuppressive regimens did not change substantially throughout
the study period and have been described previously.[13–16] Patients were maintained on
triple-drug immunosuppression with a corticosteroid, a purine synthesis antagonist, and a
calcineurin inhibitor. Medication doses were adjusted according to trough levels, and
immunosuppression was gradually lowered at six months post-operatively in the absence of
recent allograft rejection. Treatment for BOS may have included azithromycin and
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antithymocyte globulin, and for continued decline in lung function, photopheresis and total
lymphoid irradiation were considered. Azithromycin start date was defined as the first date
that azithromycin was prescribed for BOS. The initiation of azithromycin treatment for BOS
was based on a study published in 2003 and thus all patients treated with azithromycin were
started subsequent to this first published report. All patients included in the azithromycin
treated cohort were started on the medication specifically for treatment of BOS without
additional changes in their maintenance immunosuppression regimen. Treatment was initiated
with 5 continuous days of azithromycin at 250 mg/day followed by 250 mg/day three times a
week for body weight < 70 kg and 500 mg/day three times a week for body weight > 70 kg.
Subjects were typically started on azithromycin for ongoing lung function decline. Therefore,
Azithromycin during BOS 1 was defined as azithromycin treatment that started after BOS stage
1 but before BOS stage 2. Azithromycin Post-BOS 2 was defined as azithromycin treatment
started after the onset of BOS stage 2. Recipients in the No Azithromycin Cohort predominantly
developed BOS prior to 2003 and if a recipient was given only a 5-day course of azithromycin
for an upper respiratory infection they were also included in the No Azithromycin Cohort.
Primary graft dysfunction, acute allograft rejection, and BOS were diagnosed and graded using
standard criteria.[17–19] The highest rejection grade (0–4) of acute vascular (A score) and
lymphocytic bronchitis (B score) from all biopsies prior to the development of BOS stage 1
were used as the highest A score and highest B score respectively. Bronchoalveolar lavage
(BAL) with cell counts were not done routinely during this study period. Donor organ ischemic
time, cytomegalovirus (CMV) pneumonitis, community acquired respiratory viral (CARV)
infections were identified as previously defined, and Pseudomonas and Mycobacterial
organisms were identified in respiratory specimens by standard culture techniques.[13–15]

Statistical Analysis
For two or three group comparisons, we used the two-tailed independent Student’s t-test or
ANOVA respectively for continuous variables and the chi-square or Fisher’s exact test for
categorical variables. To identify unique risk factors for death following BOS stage 1, we used
univariate and multivariable Cox proportional hazards models. A variable was included in the
multivariable model if there were statistically different frequencies between the groups at
baseline, if the variable was associated with death in the univariate model (p < 0.10), or if the
variable was associated with death in previous reports. To avoid risk inflation, no more than
one variable was made time-dependent in the multivariate model. For all tests, p < 0.05 was
considered significant. The data was tabulated in Excel 2002 (Microsoft Corp., Redmond, WA)
and analyzed using SPSS 13.0 (SPSS Inc., Chicago, IL).

Results
Cohort assembly and baseline comparison

Of the 297 patients that received a lung transplant at WUSM/BJH between August 1, 1998
through June 30, 2004, 106 patients were excluded because they did not develop BOS stage 1
prior to January 1, 2008. During the follow-up period, 9 recipients were excluded due to death
within 90 days of transplantation, and 3 were excluded because they did not have pulmonary
function testing due to chronic tracheostomy. In our study population of 179 lung transplant
recipients with BOS stage 1 or greater, 95 patients who predominantly developed BOS prior
to 2003 were not prescribed azithromycin (No Azithromycin cohort) and 84 patients were
prescribed azithromycin. Six of the 84 azithromycin treated patients were excluded because
the indication for treatment was mycobacterial disease instead of BOS, leaving 78 patients who
predominantly developed BOS after 2003 in the azithromycin treated group (Azithromycin
cohort) (Figure 1).
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Comparison of the demographic and clinical characteristics between the No Azithromycin and
Azithromycin Cohorts are shown on Table 1. No significant differences were present in terms
of baseline demographic characteristics, ischemic time, date of transplant, type of transplant,
primary graft dysfunction, lymphocytic bronchitis score, post transplant infections, time from
transplant to BOS stage 1, FEV1 at BOS stage 1 or spirometry tests made between transplant
and BOS stage 1, The Azithromycin cohort had higher grades of acute vascular rejection and
received more antithymocyte globulin treatment for BOS stage 1than the No Azithromycin
cohort. Collectively, these data suggest that the No Azithromycin and Azithromycin cohorts
were very similar at the time of transplantation but the Azithromycin cohort may have had
more severe acute vascular rejection.

Azithromycin treatment during BOS stage 1 is associated with decreased risk of death
The time between the diagnosis of BOS stage 1 and the initiation of azithromycin treatment
for BOS varied from the day of BOS stage 1 diagnosis to after the onset of BOS stage 2.
Therefore, we performed survival analysis using Cox regression with azithromycin treatment
as a time dependent variable. Compared to the No Azithromycin Cohort, the Azithromycin
cohort did not demonstrate a survival benefit, however, for those started on azithromycin after
BOS stage 1 but prior to the development of BOS stage 2 (Azithromycin during BOS 1 cohort,
N=31) there was a significant decrease in the risk of death (unadjusted hazard ratio [HR] =
0.29, 95% confidence interval [CI], 0.11 – 0.82, p = 0.02) (Table 2). In contrast, compared to
the No Azithromycin cohort, there was no difference in the risk of death for those started on
azithromycin after BOS stage 2 (Azithromycin Post-BOS 2, N=47) (unadjusted HR = 1.54,
95% CI, 0.91 – 2.61, p = 0.11)

To determine if other demographic and clinical characteristics were risk factors for death in
the No Azithromycin and Azithromycin during BOS 1 cohort, we performed additional
univariate and multivariable Cox regression analysis. In the univariate models, the FEV1 at
BOS stage 1 (HR = 0.47, 95% CI, 0.33 – 0.66, p = <0.001) and history of Pseudomonas cultured
in respiratory specimens (HR = 1.74, 95% CI, 1.04 – 2.93, p = 0.04) were associated with a
higher risk of death. Primary graft dysfunction demonstrated a trend toward an increased risk
of death (p = 0.052), whereas all other demographic and clinical characteristics did not (p >
0.10) (Table 2).

To investigate if azithromycin treatment was associated with a significant decrease in risk of
death independent of other variables, we performed multivariable Cox regression analysis.
Variables were included in the multivariable model if there were statistically different
frequencies between groups at baseline, if the variable was associated with death in the
univariate model (p < 0.10), or if the variable associated with death in a previous report. To
avoid risk inflation, no more than one variable was made time-dependent in the multivariate
model. Azithromycin treatment, highest A score, CMV pneumonitis, CARV infection,
antithymocyte globulin treatment, PGD score, Pseudomonas culture positive, FEV1 at BOS
stage 1 and type of operation were entered into the model. Treatment with azithromycin
(adjusted HR = 0.30, 95% CI 0.10 – 0.88, p = 0.03) and FEV1 at BOS stage 1 (adjusted HR =
0.53, 95% CI 0.35 – 0.81, p = 0.003) were associated with a significant decrease in the risk of
death. Pseudomonas culture positive (adjusted HR = 1.96, 95% CI 1.06 – 3.60, p = 0.03)
demonstrated a significant association with an increased risk of death (Table 3). All other
variables failed to demonstrate a significant association with survival. Collectively, these data
show that in lung transplant recipients with BOS stage 1, azithromycin treatment initiated prior
to the onset of BOS stage 2 decreased the risk of death independent of other clinical
characteristics.
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Discussion
In this study, azithromycin treatment was associated with improved survival when analyzed
as a time dependent variable. This mortality benefit remained present even after adjusting for
type of transplant, acute rejection scores, CARV infections, a history of Pseudomonas in
respiratory specimens, absolute FEV1 at BOS stage 1, and antithymocyte globulin treatment
of BOS stage 1. Additionally, our data suggest that initiation of azithromycin for BOS should
begin prior to the progression to BOS stage 2. Lastly, in the process of analyzing additional
covariates, we demonstrated that FEV1 at the time of BOS stage 1 is strongly associated with
the subsequent risk of death.

In the context of previous studies of azithromycin for lung transplant recipients with BOS, an
improvement in lung function was identified in some but not all recipients.[7–12] The
proportion of recipients with improved lung function ranged from 18 to 83%, and a recent
study of 81 recipients with BOS stage 0p or greater demonstrated that 24 (30%) responded to
azithromycin treatment with improved lung function and responders showed improved survival
over non-responders.[11] In this study responders were defined as having a greater than 10%
increase in FEV1 after 6 months after azithromycin. Using this definition, we had a similar
number of azithromycin responders (36%), however we did not demonstrate a difference in
survival between responders and non-responders. We did note that both our azithromycin
responder and non-responder cohorts had a significantly higher survival compared to the No
Azithromycin cohort. Accordingly, our work corroborates and extends the previous
observations as we identified a survival advantage only in the recipients that were started on
azithromycin during BOS stage 1 Since previous studies did not compare outcomes between
recipients started on azithromycin to those never treated with azithromycin, it is difficult to
make direct comparisons to the literature regarding the magnitude of our treatment effect.

In addition to identifying a beneficial association between azithromycin treatment for BOS
during BOS stage 1 and survival, we also identified a decreased risk of death with FEV1 at
BOS stage 1 and an increased risk of death with a history of being Pseudomonas culture
positive. The association between FEV1 at time of BOS stage 1 and increased risk of death is
not unexpected, however, the natural course of FEV1 progression after onset of BOS is believed
to vary among patients and over time. Accordingly, results of future studies should account
for this variable and analyzing factors that influence the relationship between FEV1 at BOS
stage 1 and survival would be worthy of future analysis.[20,21]

The mechanisms responsible for the benefit of azithromycin were not addressed in this study
and remain unclear. Anti-inflammatory, antimicrobial, pharmacologic or gastrointestinal
promotility mechanisms have all been suggested. Increased interleukin-8 (IL-8) and airway
neutrophilia have been observed in the setting of BOS in some studies.[22–25] Macrolides
have been reported to decrease IL-8 production in the nasal passageways of patients with polyps
and in the sputum of patients with COPD, and in BOS recipients, responders to azithromycin
treatment have been shown to have higher pre-treatment BAL neutrophilia and IL-8 expression.
[9,26,27] Unfortunately, we did not have BAL data on these recipients to analyze neutrophilia
or IL-8 expression. Chronic macrolide therapy has also been shown to suppress important
pathogens such as Pseudomonas aeruginosa, which often colonizes the airways of patients
with chronic airways disease.[28] Macrolides have been described to increased levels of certain
immunosuppressive medications including cyclosporine, which may contribute to its
beneficial effect on BOS.[29] Patients in our study on cyclosporine or tacrolimus did routinely
have levels monitored to ensure they remained in normal range. We do not have data to directly
address what the effect of azithromycin was on these drug levels in our cohorts, however, a
previous study using azithromycin in lung transplant recipients did not show that azithromycin
dramatically changed cyclosporine or tacrolimus levels.[7] Finally, gastroesophageal reflux
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and possibly chronic aspiration have been shown to be risk factors for developing BOS.[30–
32] Macrolides may exert their beneficial effects through their known promotility properties
by decreasing or preventing recurrent allograft injury due to chronic aspiration. Accurate data
on reflux symptoms and treatment was not available. Additional studies will be required to
further define the precise biochemical mechanisms responsible for the beneficial effects of
azithromycin treatment.

As with any retrospective study, there are inherent limitations to the study design that may
introduce bias. To avoid potential bias due to small sample size or limited follow-up time, we
analyzed a large cohort of consecutive lung transplant recipients that developed BOS stage 1
over 6 years (n = 173) and censored all patients at death or at January 1, 2008 allowing for up
to 9 years of follow up. We excluded patients that did not develop BOS stage 1 and 6 patients
who received azithromycin treatment for mycobacterial disease so our results cannot be
generalized to these recipients. Our results may be biased if there were improvements in
survival throughout the study period that may have resulted in an era effect, however, transplant
date was not associated with an improved survival in the univariate analysis. Recently
adjunctive therapies for BOS beyond azithromycin have been used more frequently and include
antithymocyte globulin, photopheresis and total lymphoid irradiation. Since photophoresis and
total lymphoid irradiation are reserved for those recipients with progressive declines in lung
function (i.e., as salvage treatments) we did not include them in our analysis. Antithymocyte
globulin was included in our multivariable analysis and this adjunctive therapy did not negate
the beneficial effect of azithromycin treatment. Finally, the small sample sizes could have over
inflated the hazard ratio for risk of death. However, we made no more than one variable time
dependent and our final multivariable model maintained an acceptable ratio of outcome events
per independent variables. Although conducted in a retrospective fashion, we believe the results
of this longitudinal study support a role for the use of azithromycin in the treatment of BOS.

In conclusion, our data suggest that azithromycin therapy may improve survival in lung
transplant recipients who develop BOS. These data show an important potential advantage for
the use of azithromycin when initiated after the onset of BOS stage 1 and prior to BOS stage
2 and support the need for a randomized controlled trial with long-term follow up to fully
address the impact of azithromycin on survival in lung transplant recipients with BOS.
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Figure 1. Flowchart of lung transplant recipients with BOS treated with azithromycin
Between August 1 1998 and June 30, 2004, 297 patients underwent lung transplantation.
During our follow-up through January 1, 2008, BOS stage 1 developed in 179. Of these 179
recipients, 95 who predominately developed BOS prior to 2003 were not prescribed
azithromycin for treatment of BOS (No Azithromycin Cohort) and 78 who predominantly
developed BOS after 2003 received azithromycin for treatment of BOS (Azithromycin Cohort).
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Table 1

Characteristics of lung transplant recipients with BOS in the No Azithromycin and Azithromycin Cohorts

No Azithromycin n = 95 Azithromycin n = 78 p*

Female, n (%) 47 (50) 42 (54) 0.57

Age at Transplant, mean years ± SD 51.6 ± 12.7 49.0 ± 12.8 0.18

Underlying Disease, n (%) 0.44

 COPD 58 (61) 39 (50)

 α1-AT 11 (12) 10 (13)

 Cystic Fibrosis 13 (14) 14 (18)

 Pulmonary Fibrosis 9 (10) 7 (9)

 Other 4 (4) 8 (10)

Ischemic Time, mean minutes ± SD 313 ± 68 321 ± 61 0.41

Ischemic Time > 330 min 38 (40) 29 (37) 0.71

Date of transplant, mean date ± SD in years 2/5/01 ± 1.65 6/24/01 ± 1.77 0.15

Type of Transplant, n (%) 1.00

 Bilateral 91 (96) 74 (95)

 Single 4 (4) 4 (5)

PGD at T0, n (%) 0.47

 0 14 (15) 13 (17)

 1 39 (41) 28 (36)

 2 26 (27) 17 (22)

 3 16 (17) 20 (26)

Highest A score, n (%) 0.03

 0 22 (23) 14 (18)

 1 25 (26) 12 (15)

 2 40 (42) 34 (44)

 3 8 (8) 18 (23)

Highest B score, n (%) 0.16

 0 30 (32) 16 (21)

 1 47 (50) 37 (47)

 2 16 (17) 21 (27)

 3 2 (2) 4 (5)

Pseudomonas culture positive, n (%) 23 (24) 27 (35) 0.13

CMV Pneumonitis, n (%) 51 (54) 31 (40) 0.07

CARV, n (%) 13 (14) 15 (19) 0.32

Time transplant to BOS stage 1, days ± SD 813 ± 669 987 ± 705 0.10

FEV1 at BOS stage 1, mean liters ± SD 2.11 ± 0.79 2.22 ± 0.63 0.33

Number of FEV1 measurements prior to BOS stage 1 25.11 ± 15.22 26.67 ± 13.31 0.51

Antithymocyte globulin for BOS stage 1, n (%) † 46 (52) 61 (78) <0.001

Time BOS stage 1 to death/censoring, mean years ± SD 2.29 ± 1.83 3.26 ± 1.94 0.001

Definition of abbreviations: α1-AT = alpha1 antitrypsin deficiency; BOS = bronchiolitis obliterans syndrome; CARV = community-acquired
respiratory virus; CMV = cytomegalovirus; COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in one second; Highest
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A score = highest acute vascular rejection score; Highest B score = highest lymphocytic bronchitis score; PGD = primary graft dysfunction; SD =
standard deviation.

*
Chi-squared or Fisher’s exact test for categorical variables and independent groups t-test for continuous variables.

†
represents 89 recipients in No Azithro cohort.
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Table 2

Univariate Cox regression for progression of BOS stage 1 to death

Variable Death

Hazard Ratio (95% CI) p

Time Dependent

 No Azithromycin 1.00

 Azithromycin (total group) 1.08 (0.66–1.74) 0.78

  Azithromycin during BOS 1 0.29 (0.11–0.82) 0.02

  Azithromycin Post-BOS 2 1.54 (0.91–2.61) 0.11

Time Independent*

Female 1.28 (0.79–2.10) 0.32

Age at transplant (per year) 1.00 (0.98–1.02) 0.65

Underlying Disease 0.51

 COPD 1.00

 α1-AT 1.65 (0.82–3.35)

 Cystic Fibrosis 1.56 (0.77–3.14)

 Pulmonary Fibrosis 1.11 (0.43–2.84)

 Other 0.76 (0.18–3.15)

Ischemic Time (per min) 1.00 (1.00–1.01) 0.26

Ischemic Time > 330 min 1.41 (0.86–2.30) 0.17

Date of transplant, (per day) 1.00 (1.00-1.00) 0.64

Type of Transplant 0.87

 Bilateral 1.00

 Single 1.09 (0.40–3.01)

PGD at T0 0.052

 0 1.00

 1 1.74 (0.71–4.21)

 2 1.95 (0.78–4.93)

 3 3.57 (1.35–9.41)

Highest A score 0.74

 0 1.00

 1 1.48 (0.71–3.08)

 2 1.14 (0.58–2.26)

 3 1.23 (0.48–3.14)

Highest B score 0.99

 0 1.00

 1 1.03 (0.58–1.86)

 2 1.09 (0.54–2.20)

 3 1.17 (0.27–5.09)

Pseudomonas culture positive 1.74 (1.04–2.93) 0.04

CMV pneumonia 1.03 (0.63–1.68) 0.92

CARV infection 1.10 (0.60–2.03) 0.76
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Variable Death

Hazard Ratio (95% CI) p

FEV1 at BOS stage 1 (per liter) 0.47 (0.33–0.66) <0.001

Antithymocyte globulin for BOS stage 1 0.82 (0.49–1.38) 0.46

*
Time independent analysis included No Azithro (n=95) and Early Azithro (n=31) cohorts

Definition of abbreviations: see Table 1
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Table 3

Multivariable Cox regression for progression of BOS stage 1 to death*

Variable Death

Hazard Ratio (95% CI) p

Azithromycin treatment† 0.30 (0.10–0.88) 0.03

FEV1 at BOS stage 1 0.53 (0.35–0.81) 0.003

Pseudomonas culture positive 1.96 (1.06–3.60) 0.03

*
variables tested in Cox proportional hazards model included: azithromycin treatment, highest A score, CMV pneumonitis, CARV infection,

antithymocyte globulin treatment, PGD score, Pseudomonas culture positive, FEV1 at BOS stage 1, and type of operation.

†
time-dependent variable
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