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Introduction

Lung transplantation (LTx) is an established surgical 
treatment for patients with end-stage respiratory disease. 
Chronic lung allograft dysfunction (CLAD) is a significant 
cause of morbidity and one of the major limitations to the 

long-term survival after LTx (1). Severe acute rejection 

(AR) and human leukocyte antigen (HLA) mismatch are 

reported to be potent risk factors of CLAD (2). Therefore, 

the timely and accurate diagnosis of AR is required in order 

to optimize immunosuppressive therapy and preserve the 
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pulmonary function of transplanted lungs (3). 
AR after LTx is an important morbidity and occasional 

cause of mortality (4,5). A transbronchial lung biopsy (TBLB) 
remains the gold-standard method for the diagnosis of 
rejection in transplanted lungs. Surveillance bronchoscopy 
(SB) is performed in many transplant centers as part of the 
routine follow-up protocol after LTx with the aim of not 
only investigating the presence of infection or airway disease 
but also detecting clinically asymptomatic AR early. 

However, one major issue associated with SB is safety 
concerns, including risks of bleeding, pneumothorax, and 
pneumonia after bronchoscopy (6,7). Due to the potential 
risk associated with SB, appropriate candidates for SB must 
be selected. However, despite its clinical importance, the 
risk factors for asymptomatic AR remains unclear (8). 

In the present study, our clinical question was which 
patients are at increased risk of asymptomatic AR and thus 
would benefit the most from long-term SB. To answer this 
question, we explored risk factors of asymptomatic AR in the 
surveillance protocol after LTx. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/jtd-20-1325).

Methods

Study design

This study is a single-center and retrospective cohort 
study. The clinical characteristics of donors and recipients 
who underwent LTx in Osaka University Hospital were 
systematically investigated. The relationship between the 
occurrence of AR during follow-up after LTx and these 
clinical factors was analyzed. 

The study protocol was approved by the Ethics Review 
Board for Clinical Studies at Osaka University (control 
number 10026) and individual consent for this retrospective 
analysis was waived. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

Patients

All patients underwent cadaveric LTx between 1999 and 
2016 in our institution. All enrolled patients had at least 
three months of follow-up. All recipients received a three-
drug regimen of calcineurin inhibitor (cyclosporine or 
tacrolimus), prednisolone, and mycophenolate mofetil. The 
serum concentrations of cyclosporine or tacrolimus were 
monitored using the trough level. Induction therapy was 

generally not performed in our institution. 
The percentage of patients with AR was calculated by the 

ratio of AR patients to the patients who had SB at each time 
point. The cumulative incidence of AR was also defined as 
the ratio of patients with a history of AR during follow-up 
to the entire cohort of this study. 

Surveillance schedule and TBLB procedures

SB is scheduled at 1, 2, 3, 6, and 12 months after LTx 
routinely and annually thereafter until 5 years after LTx. 
Additional bronchoscopy procedures were performed 
if clinically indicated, including in cases of an abnormal 
shadow on chest tomography (CT) or the deterioration of 
the pulmonary function. 

Bronchoscopic procedures were performed under general 
anesthesia with endotracheal intubation under spontaneous 
breathing. The basic technique was previously described (9).  
In brief, bronchoalveolar lavage (BAL) was routinely 
performed before a TBLB by injecting 30 mL saline three 
times into the right middle lobe or left lingular lobe. A lung 
biopsy was always performed under fluoroscopy. TBLB 
specimens were acquired from each segment in both the 
upper and lower lobes. At least 5 moderate size samples 
(0.5–1 mm) were taken during a single procedure in 
accordance with the guideline published in 2007 (10). 

The histological assessment of all graft specimens with 
respect to AR was performed by our pathologist (NW) 
according to the International Society for Heart and Lung 
Transplantation (ISHLT) criteria (10). When specimens 
diagnosed as grade ≥A2 were considered significant, we 
administered intravenous methylprednisolone (15 mg/kg/d 
for 3 days) or increased immunosuppressive agents. 

Statistical analyses

Statistical analyses were performed using the JMP software 
program for Windows, version 14 (SAS Institute, Cary, NC, 
USA). The clinical factors of the donor and recipient were 
assessed as potential risk factors for the occurrence of AR 
during the entire follow-up period using the chi-square test 
as a univariate analysis. For the multivariate analysis, factors 
with a p-score <0.1 in the univariate analysis were included 
in a logistic regression analysis. Continuous variables were 
expressed as the median (range), and categorical variables 
were expressed as numbers. Regarding the preoperative blood 
test results, we divided the patients into two groups of higher 
and lower scores based on the median score. A p-score ≤0.05 
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Table 1 Recipient and donor characteristics 

Variables Numbers

Total number 45

Recipient gender, n (%)

Male 17 [37] 

Recipient age (median) 44

Diagnosis, n (%)

LAM 14 [31]

IPF 11 [24]

PAH 10 [22]

Emphysema 4 [9]

Others 6 [14]

Recipient BMI (median) 18.4

Donor age (median) 45

Cause of brain death, n(%)

   CVD / others 26 [57]/19 [43]

Smoking history of donor, n (%) 18 [40]

HLA mismatch number (4-6), n (%) 30 [66]

Procedure, n (%)

Single 28 [62] 

Waiting time (days, median) 956

LTX period (later than 2010), n (%) 31 [69] 

Intraoperative CPB, n (%) 15 [33]

Postoperative ECLS, n (%) 6 [13]

Preoperative blood test (median)

WBC 7,100

Alb 4.2

CRP 0.12

NLR (Neu/Lym ratio) 3.5

PLR (PLT/Lym ratio) 128

PNI (Prognostic nutrition index) 50

Follow-up period (months, median) 64 [4–223]

Numbers of TBLB (mean) 6.5 [0–9]

LAM, lymphangioleiomyomatosis; IPF, idiopathic pulmonary 
fibrosis; PAH, pulmonary arterial hypertension; BMI, body mass 
index; CVD, cerebral vascular disease; HLA, human leukocyte 
antigen; CPB, cardiopulmonary bypass; ECLS, extracorporeal 
life support; WBC, white blood cell; CRP, c-reactive protein; 
NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; PNI, prognostic nutrition index.

was considered statistically significant in all comparisons.   

Results

Characteristics of the study population

From January 1999 to December 2016, we performed  
48 cases LTx procedures with cadaveric donation. We 
excluded three cases due to their short post-transplant 
survival  t ime of less than 3 months.  The cl inical 
characteristics of the donor and recipient are shown in 
Table 1. In total, SB was performed in 294 members of our 
cohort. The median length of follow-up for each recipient 
was 64 months (range, 4–223 months), and the mean 
number of SB procedures during each follow-up period 
was 6.5. Twenty-eight patients received single LTx, and the 
median waiting time was 956 days.

Percentage of patients with AR after LTx

The results of SB according to the follow-up period after 
LTx are shown in Figure 1. The percentage of patients 
with AR was 5–24% at each time point. AR scores of A2-
3, which usually required clinical intervention to prevent 
graft dysfunction, were frequently detected not only within 
one year after LTx but later as well. Interestingly, 15% of 
patients still showed severe AR (A2 and A3) at 2 years after 
LTx. In addition, SB detected asymptomatic AR until five 
years after LTx.

Predictors of asymptomatic AR after LTx

We investigated the relationship between the incidence 
of AR and the clinical characteristics, including donor 
factors, recipient factors, and operation-related factors 
(Table 2). In the univariate analysis, patients with a high 
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) showed a higher incidence of 
AR after LTx than others during the follow-up period. A 
primary diagnosis of pulmonary artery hypertension (PAH) 
tended to be associated with a reduced incidence of AR, but 
not to a statistically significant degree. In the multivariate 
analysis, a higher NLR was an independent risk factor for 
asymptomatic AR after LTx (Table 3). 

Cumulative incidence of AR after LTx

Based on the SB findings, the cumulative incidence of AR 
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Figure 1 The results of SB according to the post-LTx period. Severe AR (A2-3) was frequently detected not only within 1 year after LTx but 
also beyond.
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Table 2 Odds ratios of acute rejection (univariate analysis)

Variables Development of AR, OR (95% CI) P value

Recipient factors

Gender (male) 0.93 (0.27–3.16) 0.91

Age (>50) 1.58 (0.38–6.62) 0.52

BMI (<18) 0.72 (0.21–2.47) 0.61

CMV Ab (positive) 0.47 (0.07–2.91) 0.41

Steroid usage before LTX 0.94 (0.25–3.52) 0.92

Waiting time (>1,000 days) 2.72 (0.81–9.09) 0.09

Procedure (double LTX) 1.64 (0.48–5.57) 0.41

Disease

IPF (vs. others) 1.21 (0.30–4.69) 0.79

LAM (vs. others) 1.42 (0.39–5.07) 0.58

PAH (vs. others) 0.26 (0.06–1.16) 0.06

Donor

Age (>50) 2.44 (0.70–8.48) 0.15

BMI (<18) 0.92 (0.28–3.06) 0.91

Smoking (yes) 0.91 (0.29–3.13) 0.91

Cause of death (cerebrovascular) 2.74 (0.80–9.30) 0.11

Blood type (type O) 0.37 (0.11–1.28) 0.12

HLA mismatch (4–6 vs. 0–3) 0.58 (0.16–2.05) 0.39

HLA-A mismatch (2 vs. 0–1) 0.45 (0.11–1.83) 0.25

HLA-B mismatch (2 vs. 0–1) 0.90 (0.27–2.94) 0.86

HLA-DR mismatch (2 vs. 0–1) 2.78 (0.82–9.42) 0.09

Table 2 (continued)
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at each time point was calculated by the ratio of the patients 
who experienced AR during follow-up to all recipients. 
Our cohort included 23 patients (52%) who experienced 
AR during the 5-year follow-up period (Figure 2A).  
Interestingly, 2 patients were first found to have AR at  
24 months after LTx. In Figure 2B, the patients with higher 
NLR scores showed a higher cumulative incidence rate of 

AR than those with lower NLR scores at 5 years’ follow-up 
(65% and 36%, respectively).

Discussion

We found that higher scores of perioperative higher NLR 
was significantly associated with a higher odds ratio of 

Table 2 (continued)

Variables Development of AR, OR (95% CI) P value

Operation related factors

Period (2010~) 1.06 (0.30–3.76) 0.92

Ope time (>6 hours) 1.30 (0.40–4.20) 0.66

CPB (intraoperative) 0.50 (0.14–1.79) 0.29

ECLS (postoperative) 0.95 (0.17–5.30) 0.95

Blood loss (>500 g) 1.31 (0.40–4.22) 0.65

Re-thoracotomy 0.32 (0.07–1.45) 0.12

Bronchial complication 0.32 (0.05–1.88) 0.18

Preoperative blood test

WBC (>8,000) 0.77 (0.23–2.57) 0.67

Alb (>4.2) 1.55 (0.47–5.07) 0.46

CRP (>0.02) 0.77 (0.23–2.57) 0.67

NLR (>3.5) 4.95 (1.38–17.71) 0.01

PLR (>120) 5.0 (1.40–17.83) 0.01

CAR (>0.05) 1.31 (0.40–4.22) 0.65

PNI (<50) 1.08 (0.33–3.51) 0.89

BMI, body mass index; CMV, cytomegalovirus; IPF, idiopathic pulmonary fibrosis; LAM, lymphangioleiomyomatosis; PAH, pulmonary 
arterial hypertension; HLA, human leukocyte antigen; CPB, cardiopulmonary bypass; ECLS, extracorporeal life support; WBC, white 
blood cell; CRP, c-reactive protein; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; CAR, CRP-albumin ratio; PNI, 
prognostic nutrition index. 

Table 3 Odds ratios of acute rejection (multivariate analysis)

Variables Development of AR, OR (95% CI) P value

Waiting time (>1,000 days) 4.06 (0.81–20.29) 0.07

PAH (vs. others) 0.32 (0.04–2.36) 0.24

HLA-DR mismatch (2 vs. 0–1) 3.08 (0.68–13.88) 0.13

NLR (>3.5) 5.48 (0.97–30.86) 0.04

PLR (>120) 2.67 (0.44–15.95) 0.28

PAH, pulmonary arterial hypertension; HLA, human leukocyte antigen; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte 
ratio.
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Figure 2 Cumulative incidence of AR. In our entire cohort, 23 patients (52%) experienced AR during the 5-year follow-up period (A). The 
patients with higher NLR scores showed a higher cumulative incidence rate of AR in the 5-year follow-up period (B).
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AR during the follow-up period. A high NLR might be a 
potential risk factor for the occurrence of AR after LTx. 
Our strategy including a long follow-up duration with 
periodic SB showed that AR could be detected not only 
within one year after LTx but later as well. Furthermore, 
to our knowledge, this is the first report to investigate 
appropriate candidates of long-term SB in Japan.

Several previous papers reported the ratio of patients 
found to have AR on SB within 1 year after LTx to be 20% 
to 30% (6,11). Similarly, our current study showed the 
ratio of AR at each time point to be around 15% to 25%, 
and asymptomatic AR cases were detected even as long as  
4 years after LTx. Furthermore, 12% of patients were found 
to have severe AR (more than grade 2) at 24 months after 

LTx. In our institution, we perform lung biopsies from each 
lobe with more than 5 adequate samples, in accordance with 
the guideline (10). Based on those findings, we recommend 
SB be performed for at least two years after LTx in order to 
avoid missing asymptomatic AR. 

The selection of appropriate candidates for SB is 
required because of the potential risk of complications with 
periodic SB (12). While many pretransplant donor and 
recipient characteristics have been studied, only a few have 
been found to be associated with an increased risk of AR (13). 
The recipient age, donor lung quality, and HLA matching 
are all considered potential pretransplant relative factors 
for AR. However, those factors did not show any significant 
difference in our analysis. 
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We demonstrated in the present study the relationship 
between the preoperative recipient NLR, reflecting the 
immune function, and asymptomatic AR. Several previous 
reports have found that preoperative inflammatory markers, 
such as the NLR, were related to the outcome after solid 
organ transplantation (14,15). Similarly, Kim et al. also 
reported that a high NLR score influenced the outcome 
after LTx in their survival analysis (16). Based on those 
previous findings, the recipient’s preoperative inflammatory 
status is expected to be associated with the graft function 
and survival after organ transplantation. Recently, it was 
suggested that the inflammatory status might be related to 
the pathogenesis of graft dysfunction via inflammasome 
formation (17). However, no studies have investigated 
the relationship between the preoperative NLR and 
the occurrence of AR after LTx. The NLR is a simple, 
inexpensive, and readily available parameter in whole lung 
transplant candidates and may be a practical index for 
predicting patients at high risk of asymptomatic AR. 

Several recent papers demonstrated the utility of novel 
biomarkers for diagnosing AR without a lung biopsy. The 
assessment of donor-derived cell-free DNA (ddcfDNA) 
in recipient plasma by single-nucleotide polymorphisms 
(SNPs) was suggested to be a promising biomarker for 
monitoring the rejection status after LTx (18,19). A gene 
expression analysis for cell pellets of BAL was considered 
a meaningful diagnostic tool for AR after LTx (20). If 
those novel markers can be introduced for practical use, 
the diagnostic assessment of asymptomatic AR can be 
performed with much less invasiveness.

Several limitations associated with the present study 
warrant mention. First, our sample size is small, and 
this study is a single-institution, retrospective one. For 
a validation study, a different cohort collected separately 
and prospectively will be required to confirm our results. 
Second, it is difficult to elucidate the precise mechanisms 
underlying our findings despite several previous studies 
have shown that the preoperative NLR was related to 
the outcome after organ transplantation. Seropian et al. 
speculated that the innate inflammatory pathway was 
activated both before and after organ transplant and 
associated with the graft function (14). Further studies 
will be needed to uncover the mechanism underlying the 
relationship between AR and preoperative inflammatory 
markers, such as the NLR, which may lead to the discovery 
of novel therapeutic interventions against AR and the 
prevention of graft dysfunction. 

In  conclus ion,  the  current  s tudy  showed that 

preoperative NLR was associated with the occurrence of 
AR after LTx. We expect our findings to be the first step in 
research to identify novel biomarkers of asymptomatic AR 
using universal parameters. Future studies should validate 
our results and confirm the findings. We expect this simple 
parameter to be beneficial for identifying patients at high 
risk of AR and to motivate us to perform SB for a long 
period after LTx.  
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