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SUMMARY

This study aimed to analyze the influences of single nucleotide polymor-
phisms (SNPs) in Fc gamma receptor IIA (FCGR2A) on postoperative out-
comes after lung transplantation (LTx). We enrolled 191 lung transplant
recipients [80 undergoing living-donor lobar lung transplants (LDLLTS)
and 111 undergoing deceased-donor lung transplants (DDLTs)] in this
study. We identified SNPs in FCGR2A (131 histidine [H] or arginine [R];
rs1801274) and reviewed the infectious complication-free survival after
ICU discharge. The SNPs in FCGR2A comprised H/H (n =53), H/R
(n=124), and R/R (n =3) in LDLLT and H/H (n = 67), H/R (n = 42),
and R/R (n = 2) in DDLT. Recipients with H/H (H/H group) and those
with H/R or R/R (R group) were compared in the analyses of infectious
complications. In multivariate analyses, the R group of SNPs in FCGR2A
was associated with pneumonia-free survival {HR: 2.52 [95% confidence
interval (CI): 1.35-4.71], P = 0.004}, fungal infection-free survival [HR:
2.50 (95% CI: 1.07-5.84), P = 0.035], and cytomegalovirus infection-free
survival [HR: 2.24 (95% CI: 1.07-4.69), P = 0.032] in LDLLT, but it was
not associated with infectious complication-free survival in DDLT. There-
fore, in LDLLT, more attention to infectious complications might need to
be paid for LTx recipients with H/R or R/R than for those with H/H.
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Introduction

Lung transplantation (LTx) is the last resort to save the
lives of patients with end-stage pulmonary diseases
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[1,2]. Although the prognoses of LTx recipients have
improved over time, they are still worse than those of
patients receiving other solid organ transplants [3].
There remain some mid-to-long-term issues to
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overcome after LTx, such as infections [4], de novo
malignancy [5], and chronic lung allograft dysfunction
(CLAD) [6,7].

Single nucleotide polymorphisms (SNPs) represent a
form of genetic variants among individuals that may
affect clinical courses. Indeed, results of recent reports
indicate that SNPs that affect immune regulation,
including complement C3, dectin-1, and PTPN22,
appear to have an impact on post-transplant prognoses
[8-12].

Fc gamma receptors (FCGRs) play an important role
in maintaining balance in the immune system by regu-
lating the production of antibodies in humoral immu-
nity, in addition to modulating the activity of effector
cells in innate immunity [13-15]. Three classes of
FCGRs in humans (FCGR1, FCGR2, and FCGR3) have
been recognized. FCGRs comprise several activating
receptors and one inhibitory receptor. Among them, the
Fc gamma receptor IIA (FCGR2A) gene codes for the
activating type CD32 receptor, which is expressed on a
variety of immune cells, including neutrophils, eosino-
phils, and macrophages [16]. Either histidine [H] or
arginine [R] at position 131 was placed by a SNP in the
gene coding FCGR2A (rs1801274). Specifically, FCGR2A
[131H] has been reported to have a higher affinity for
IgG1 and IgG2 [13-16].

Although there are some reports about the influences
of SNPs in FCGRs on postoperative outcomes after
solid organ transplantation, such as liver and kidney
transplantation [17-20], only a few reports about LTx
have been published to date [21,22]. In this study, we
assessed the impact of SNPs in FCGR2A (rs1801274) on
postoperative outcomes after LTx by performing a ret-
rospective review of LTx recipients.

Patients and methods

Between 2008 and 2018, 201 lung transplants [88 living-
donor lobar lung transplants (LDLLTs) and 113
deceased-donor lung transplants (DDLTs)] were per-
formed at Kyoto University Hospital. In all, 191 LTx
recipients (80 LDLLTs and 111 DDLTs) were enrolled
in this study after excluding five patients who died
before discharge from the intensive care unit (ICU) as
four patients who had undergone re-
transplantation; one more patient without a preopera-
tive DNA sample was also excluded (Fig. 1). First, iden-
tification of SNPs in FCGR2A [131 H/R] (rs1801274)
was performed in 80 LDLLT recipients and 111 DDLT
recipients. Second, the influences of these SNPs on
postoperative outcomes after LTx were evaluated. The

well as
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infectious complications were reviewed, and the overall
survival (OS), CLAD-free survival, and de novo donor-
specific anti-HLA antibody (dnDSA)-free survival were
In this study, complications
included pneumonia requiring antibiotic treatment, fun-
gal infection, and cytomegalovirus infection after ICU
discharge. These analyses were performed separately for
LDLLT and DDLT recipients.

The period for the
complication-free survival after ICU discharge was the
interval between the date of ICU discharge and the date
of infectious complications, last follow-up, or death.
The observation period of OS was defined as the inter-
val between the date of LTx and the date of the last
follow-up or death. The observation period of CLAD-
free survival was defined as the date of LTx to the date
of last follow-up, CLAD development, or death. CLAD
was diagnosed based on the definition in the consensus
report [23]. The observation period for dnDSA-free sur-
vival was defined as the interval between LTx and the
last follow-up, dnDSA development, or death. Follow-
ups were censored at the end of December 2019. The
median observation period of OS was 1295 days (range:
98-4226 days). This study was approved by the Kyoto
University Institutional Review Board (G1174).

calculated. infectious

observation infectious

Analysis of SNPs in FCGR2A [131 H/R]

The details of the analysis of SNPs in FCGR2A are
described elsewhere [17,18]. The remaining genomic
DNA of LTx recipients initially prepared for preopera-
tive HLA typing was used for analysis. Polymerase chain
reaction—restriction fragment length polymorphism
(PCR-RFLP) was used to genotype the SNPs in
FCGR2A [131 H/R] (rs1801274). The analysis results
obtained from PCR-RFLP were confirmed using a fully
automated SNP detection system (I—density®, ARKRAY
Inc., Kyoto, Japan). These analyses were performed at
Hiroshima University with blinding of the clinical data
of LTx recipients.

Perioperative management including prophylaxis of
infections and immunosuppressive protocol

Perioperative prophylaxis of antibiotics is determined
after discussion with the infection control team (ICT)
and takes the sputum culture of donors and recipients
into consideration. In summary, cefazolin is chosen in
LDLLT cases with negative cultures, and cefozopran is
selected in other cases. If a donor or a recipient has an
antibiotic-resistant infection,

bacterial such as
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201 LTx between 2008 and 2018
(88 LDLLTs and 113 DDLTs)

Excluded:

Death before discharge from ICU (n=5)

Re-transplantation (n=4)

Case without remaining preoperative DNA sample (n=1)

The subjects of this study

| 191 LTx (80 LDLLTs and 111 DDLTs) |

analyzed separately

| 80 LDLLTs |

111 DDLTs |

LTx: lung transplantation

LDLLT: living-donor lobar lung transplant
DDLT: deceased-donor lung transplant
ICU: intensive care unit

Figure 1 Between 2008 and 2018, 201 recipients received lung transplantation (LTx) at Kyoto University Hospital [88 received living-donor lobar
lung transplants (LDLLTs) and 113 received deceased-donor lung transplants (DDLTs)]. Ten cases were excluded due to death before intensive care
unit (ICU) discharge (n = 5), re-transplantation (n = 4), or no remaining preoperative DNA sample (n = 1). The remaining 191 LTx recipients (80
LDLLTs and 111 DDLTs) were enrolled in this study. The analyses in this study were performed separately for LDLLT and DDLT recipients. DDLT,
deceased-donor lung transplants; ICU, intensive care unit; LDLLT, living-donor lobar lung transplants; LTx, lung transplantation.

methicillin-resistant ~ Staphylococcus suitable
antibiotics are selected for each case. The termination of
antibiotic administration is determined after discussion
with the ICT approximately one week after LTx. There-
after, prophylactic use of antibiotics is essentially not
performed.

As prophylaxis against fungal infections, the adminis-
tration of micafungin is performed perioperatively and
then switched to oral administration of itraconazole. As
prophylaxis against cytomegalovirus infections, the
administration of ganciclovir is usually started a week
after LTx and followed by the oral administration of
valganciclovir until at most one year after LTx. When
the continued administration of these drugs is difficult
due to issues like severe adverse effects, reduction or
withdrawal of these drugs is considered.

Postoperative maintenance of immunosuppressive
agents is mainly performed using triple therapy with
inhibitors (tacrolimus or cyclosporine),
antimetabolite agents (mycophenolate mofetil or aza-
thioprine), and prednisolone, as previously reported
[24,25]. Blood trough levels of tacrolimus are main-
tained between 10 and 20 ng/ml postoperatively, and
after 6 months post-LTx, the levels are maintained
between 8 and 12 ng/ml.

aureus,

calcineurin

Diagnoses of infectious complications

Pneumonia is defined by the presence of certain symp-
toms, such as fever, fatigue, existence of inflammation
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detected by laboratory tests, and abnormal shadow in
the lung field on a chest computed tomography (CT)
scan and requires hospitalization with the administra-
tion of antibiotics. Identification of the pathogen is not
essential for diagnosis in this study.

The diagnosis of fungal infection is made with posi-
tive fungal cultures in culture tests, including sputum
and biopsy via bronchoscopy, and requires a change in
treatment from itraconazole to antimycotic drugs based
on the results of the fungal cultures.

Cytomegalovirus infection comprises cytomegalovirus
viremia and/or tissue invasive disease detected by biop-
sies and requires treatment with ganciclovir. Cytomega-
lovirus viremia was determined when more than 4/
50 000 cells positive for the cytomegalovirus pp65 anti-
gen were detected as we previously reported [26].

Statistical analyses

Descriptive statistics were obtained using EZR software
version 1.33, a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria)
[27]. Continuous variables were expressed as medians
with ranges while categorical variables were expressed as
percentages. The Mann—Whitney U-test and Fisher’s
exact test were used for two-group analyses. Actuarial
survival rates were calculated using the Kaplan—Meier
method, and groups were compared using the log-rank
test. Multivariate analyses of predictive factors for sur-
vival analyses were performed using Cox proportional-
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hazards models. The following variables were included
in the multivariate analyses for pneumonia-free survival
and fungal infection-free survival: SNPs in FCGR2A [H/
H group: (H/H) or R group: (H/R) or (R/R)], age
(>55 years or <55 years), sex, and type of LTx. Since no
recipients who underwent single LDLLT developed fun-
gal infection, SNPs in FCGR2A, age, and sex were
included in the multivariate analysis to determine the
fungal infection-free survival in LDLLT. The CMV mis-
match status between donors and recipients was added
to multivariate analyses as a predictive factor for CMV
infection-free survival and dnDSA-free survival and as a
prognostic factor for OS and CLAD-free survival. Statis-
tical significance was defined as P < 0.05.

Results

Patient characteristics in LDLLT recipients

The median age of LDLLT recipients was 41 years
(range: 6-64 years); 44 recipients in this group were
female and 36 were male. The most frequent indication
for LTx was pulmonary complications after hematopoi-
etic stem cell transplantation (n = 35, 43.8%), followed
by interstitial pneumonia (n = 34, 42.5%). The SNPs in
FCGR2A consisted of H/H (n =53, 66.2%), H/R
(n = 24, 30.3%), and R/R (n = 3, 3.8%). There were no
significant differences in age, sex, operative methods,
total ischemic time, CMV mismatch status, or indica-
tions for LTx between recipients with H/H (H/H group,
n = 53) and those with H/R or R/R (R group, n = 27),
except for duration of ICU stay (P = 0.002; Table 1).

Patient characteristics in DDLT recipients

The median age of DDLT recipients was 46 years
(range: 8-62 years); 44 recipients in this group were
female and 67 were male. The most frequent indication
for LTx was interstitial pneumonia (n = 50, 45.0%).
The SNPs in FCGR2A consisted of H/H (n = 67,
60.4%), H/R (n = 42, 37.8%), and R/R (n = 2, 1.8%).
There were no significant differences in age, sex, opera-
tive methods, total ischemic time, CMV mismatch sta-
tus, and indications for LTx between the H/H group
(n = 67) and the R group (n = 44; Table 2).

Infectious complications after ICU discharge

Among LDLLT recipients, pneumonia-free survival after
ICU discharge was significantly better in the H/H group
than in the R group {5-year survival rate: 56.6% [95%
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confidence interval (CI): 41.2-69.5%] in the H/H group
and 29.6% (95% CI: 12.4-49.3%) in the R group,
P = 0.012, Fig. 2a}. Although the difference was not sta-
tistically significant, fungal infection-free survival after
ICU discharge in the H/H group was better than that in
the R group (P = 0.055, Fig. 3a). Furthermore, CMV
infection-free survival after ICU discharge was also sig-
nificantly better in the H/H group than in the R group
[P = 0.025 (Fig. 4a)]. In contrast, pneumonia-free sur-
vival after ICU discharge in the H/H group of DDLT
recipients was comparable to that in the R group [5-
year survival rate: 37.9% (95% CI: 24.8-50.9%) in the
H/H group and 32.3% (95% CI: 18.0-47.4%) in the R
group, P = 0.129, Fig. 2b]. Similarly, fungal infection-
free survival and CMYV infection-free survival after ICU
discharge were not significantly different between the
two groups [P =0.137 (Fig.3b) and P = 0.406
(Fig. 4b), respectively].

In multivariate analyses, the R group of SNPs in
FCGR2A was identified as a significant predictive factor
for pneumonia [HR: 2.52 (95% CI: 1.35-4.71),
P =0.004, Table 3], fungal infection [HR: 2.50 (95%
CL 1.07-5.84), P =0.035, Table 4], and CMV
infection-free survival after ICU discharge [HR: 2.24
(95% CI: 1.07-4.69], P = 0.032, Table 5) in LDLLT.
However, it was not identified as a significant predictive
factor for pneumonia (Table S1), fungal infection
(Table S2), or CMV infection-free survival after ICU
discharge (Table S3) in DDLT.

Prognosis and de novo DSA development

Among LDLLT recipients, the actuarial 5-year OS rate
in the H/H group was 85.3% (95% CI: 71.4-92.8%),
which was comparable with that of the R group [74.7%
(95% CI: 51.1-90.9%); P = 0.941; Fig. 5a]. Similarly,
the actuarial 5-year CLAD-free survival rate was compa-
rable between the H/H and R groups [73.1% (95% CI:
56.9-83.9%) in the H/H group vs. 55.2% (95% CIL
33.4-33.4%) in the R group; P = 0.377; Fig. 6a]. In
DDLT, the actuarial 5-year OS was similar between the
H/H and R groups [64.0% (95% CI: 47.7%) in the H/H
group vs. 62.3% (95% CI: 39.6-78.5%) in the R group;
P =0.963; Fig. 5b]. Moreover, the actuarial 5-year
CLAD-free survival rate in the H/H group was 57.5%
(95% CI: 41.6-70.6%), which was not significantly dif-
ferent from that of the R group [46.6% (95% CI: 23.9—-
66.6%); P = 0.779; Fig. 6b]. Regarding dnDSA-free sur-
vival, there were no significant differences between
LDLLT and DDLT recipients (P = 0.65 and P = 0.771,
respectively).
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Table 1. Overall characteristics and comparisons between the two groups of patients in LDLLT.

CMV, cytomegalovirus; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DSA, donor-specific anti-HLA
antibody; FCGR2A, Fc gamma receptor llA; HSCT, hematopoietic stem cell transplantation; ICU, intensive care unit; IPAH, idio-
pathic pulmonary arterial hypertension; LAM, lymphangiomyomatosis; LDLLT, living-donor lobar lung transplant; PC, pulmonary
complications; SNP, single nucleotide polymorphism; WBC, white blood cell.

In LDLLT, multivariate analyses revealed that SNPs
in FCGR2A were not significant predictors of prognosis.
In contrast, younger age was identified as a good prog-
nostic factor for both OS [HR: 0.21 (95% CI: 0.07—
0.62); Table 6] and CLAD-free survival [HR: 0.33 (95%
CI: 0.15-0.70); Table 7], while male sex was identified
as a negative prognostic factor for OS [HR: 3.19 (95%
CI: 1.02-10.00), P = 0.046]. However, no factors were

2196

found to be significant predictive factors for survival
among DDLT recipients (Tables S4 and S5).

Discussion

In this study, several important results were obtained.
First, the R group of SNPs in FCGR2A was identified as
a significant predictive factor for pneumonia-, fungal

Transplant International 2021; 34: 2192-2204
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Table 2. Overall characteristics and comparisons between the two groups of patients in DDLT.

CMV, cytomegalovirus; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DDLT, deceased-donor lung
transplant; DSA, donor-specific anti-HLA antibody; FCGR2A, Fc gamma receptor lIA; HSCT, hematopoietic stem cell transplan-
tation; ICU, intensive care unit; IPAH, idiopathic pulmonary arterial hypertension; LAM, lymphangiomyomatosis; PC, pulmonary
complications; SNP, single nucleotide polymorphism; WBC, white blood cell.

infection-, and CMV infection-free survival after ICU
discharge in LDLLT. Also, SNPs in FCGR2A were not
identified as significant predictive factors for infectious
complications in DDLT. Additionally, despite the differ-
ence in the frequencies of infectious complications after
ICU discharge among LDLLT recipients, there were no

Transplant International 2021; 34: 2192-2204
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significant differences in prognosis between the H/H
group and the R group.

This is the first study in Japan to assess the distribu-
tion of SNPs in FCGR2A among LTx recipients. In this
study, we observed that more than 60% of LTx recipi-
ents had SNPs of FCGR2A [131 H/H], whereas less
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Figure 2 (a) Among LDLLT recipients, the 5-year pneumonia-free survival after ICU discharge in the H/H group was 56.6% [95% confidence
interval (Cl): 41.2-69.5%], which was significantly better than that in the R group [29.6% (95% Cl: 12.4-49.3%), P = 0.012]. (b) In DDLT,
pneumonia-free survival after ICU discharge in the H/H group was comparable with that in the R group [5-year survival: 37.9% (95% ClI:
24.8-50.9%) in the H/H group and 32.3% (95% Cl: 18.0-47.4%) in the R group, P = 0.129]. Cl, confidence interval, DDLT, deceased-donor
lung transplant; ICU, intensive care unit; LDLLT, living-donor lobar lung transplant.
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Figure 3 (a) In LDLLT, fungal infection-free survival after ICU discharge in the H/H group was non-significantly better than that in the R group
[5-year survival: 83.6% (95% Cl: 69.6-91.5%) in the H/H group and 61.9% (95% Cl: 40.5-77.4%) in the R group, P = 0.055]. (b) Fungal
infection-free survival after ICU discharge was not significantly different between the two groups in DDLT (5-year survival: 63.0% [95% Cl:
47.8-74.9%] in the H/H group and 50.8% [95% Cl: 33.0-66.0%] in the R group, P = 0.137). Cl, confidence interval; DDLT, deceased-donor
lung transplant; ICU, intensive care unit; LDLLT, living-donor lobar lung transplant.

than 5% of LTx recipients had SNPs of FCGR2A [131
R/R] in both LDLLT and DDLT. These distributions are
compatible with Japanese recipients undergoing other
solid organ transplantations [17,18] and healthy Japa-
nese individuals [28-30]. However, ethnic differences in
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the distribution of SNPs have also been reported [28].
Compared to French LTx recipients [22], the propor-
tion of Japanese LTx recipients with SNPs of FCGR2A
[131 H/H] was higher and the proportion with
FCGR2A [131 R/R] was lower. In contrast, there were
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Figure 4 (a) In LDLLT, CMV infection-free survival after ICU discharge in the H/H group was significantly better than that in the R group [5-
year survival: 73.3% (95% Cl: 59.1-83.2%) in the H/H group and 41.6% (95% Cl: 22.4-59.8%) in the R group, P = 0.025). (b) In DDLT,
CMV infection-free survival after ICU discharge was not significantly different between the two groups in DDLT [5-year survival: 57.6% (95%
Cl: 43.1-69.6%) in the H/H group and 50.5% (95% Cl: 33.8-65.0%) in the R group, P = 0.406]. Cl, confidence interval; CMV, cytomegalo-
virus; DDLT, deceased-donor lung transplant; ICU, intensive care unit; LDLLT, living-donor lobar lung transplant.

Table 3. Multivariate analysis for pneumonia-free survival
after ICU discharge in LDLLT.

Age
>55 1 0.661
<55 0.86 0.43-1.71

Sex
Female 1 0.038
Male 1.92 1.04-3.56

SNPs in FCGR2A
H/H group 1 0.004
R group 2.52 1.35-4.71

Operative method
Single LDLLT 1 0.167
Bilateral LDLLT 2.13 0.73-6.20

FCGR2A, Fc gamma receptor lIA; ICU, intensive care unit;
LDLLT, living-donor lobar lung transplant; SNP, single nucleo-
tide polymorphism.

no differences in the distribution of SNPs in FCGR2A
between male and female recipients in this study, which
was different from the results of a study conducted in
France [22].

In this study, the influence of SNPs in FCGR2A on
postoperative outcomes was analyzed separately between

Transplant International 2021; 34: 2192-2204
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LDLLT and DDLT recipients due, in part, to the fact
that LDLLT recipients typically receive grafts with no
injury, while DDLT recipients receive grafts that have
some influence of brain death and intubation. Also,
graft size is different between LDLLT and DDLT recipi-
ents [2].

Possible predictive factors in multivariate analyses
were determined based on a previous report of infec-
tious complications after LTx [31]. The present study
showed that, in LDLLT, the R group of SNPs in
FCGR2A was identified as a significant predictive factor
for pneumonia-, fungal infection-, and CMV infection-
free survival; however, it was not identified as a signifi-
cant predictor in DDLT. We hypothesize that this dif-
ference between LDLLT and DDLT recipients is due to
the following reasons. Since the implanted grafts in
LDLLT are essentially clear and have no injury, the
postoperative outcomes largely depend on recipient fac-
tors and characteristics. On the other hand, the quality
of implanted grafts in DDLT varies, and the grafts often
have injuries, which exert some influence on postopera-
tive outcomes. Furthermore, since more than half of
DDLT recipients receive a single LTx, postoperative out-
comes, including infectious complications, seem to be
affected by the remaining native lungs [32-34].

FCGR2A [H/R and R/R] are reported to have a lower
affinity for IgG2, which is the subclass of IgGs thought
to play an important role in the immune response to
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Table 4. Multivariate analysis for fungal infection-free
survival after ICU discharge in LDLLT.

FCGR2A, Fc gamma receptor lIA; ICU, intensive care unit;
LDLLT, living-donor lobar lung transplant; SNP, single nucleo-
tide polymorphism.

Table 5. Multivariate analysis for CMV infection-free
survival after ICU discharge in LDLLT.

CMV, cytomegalovirus; FCGR2A, Fc gamma receptor lIA;
ICU, intensive care unit; LDLLT, living-donor lobar lung trans-
plant; SNP, single nucleotide polymorphism.

antigens from bacteria, than FCGR2A [H/H] [35,36].
Therefore, the phagocytosis of bacteria receiving 1gG2
opsonization by polymorphonuclear leukocytes with
FCGR2A [H/R or R/R] is less efficient than that of
polymorphonuclear leukocytes with FCGR2A [H/H]
[14,15,17,35,36]. Previous reports have suggested that
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SNPs in FCGR2A are associated with the severity of
community-acquired pneumonia [35], susceptibility to
recurrent respiratory tract infections [36], and severity
of pneumococcal pneumonia [37]. The results among
LDLLT recipients in this study are compatible with the
findings of the previous reports. This is also the first
study to highlight the association between SNPs in
FCGR2A (rs1801274) and the frequency of infectious
complications after LTx. In contrast, it has previously
been reported that, after liver transplantation, an inci-
dence of bloodstream infections was associated with
SNPs in FCGR IIA (FCGR3A) [17]. In addition, a sig-
nificantly higher incidence of urinary tract infections
was reported to correlate with FCGR3A SNPs after kid-
ney transplantation [18]. In both papers, it was
described that the combination of FCGR2A and
FCGR3A SNPs might better predict each post-
transplant infection. The differences from the findings
of this study may reflect the organ-specific innate or
humoral immune response after transplantation.

Due to the routine prophylactic administration of
micafungin followed by the prophylactic oral adminis-
tration of itraconazole, the entire frequency of fungal
infection was kept relatively low at our institution.
Nonetheless, the R group of SNPs in FCGR2A was
identified as a significant predictive factor for fungal
infection-free survival in LDLLT, but it was not identi-
fied as a significant predictor in DDLT. It has previ-
ously been indicated that FCGR2A is associated with
protection from Aspergillus infection [38]. Thus, the
indication obtained from this study that SNPs in
FCGR2A might influence the prevention of fungal
infection seems reasonable. However, differences in the
incidence of fungal infections with respect to SNPs in
FCGR2A among kidney transplant recipients were not
observed in a previous study [18]. It was hypothesized
that the difference in results between LTx and kidney
transplant may be due to the strength of immunosup-
pression since the trough level of calcineurin inhibitor
in LTx was higher than that used in kidney transplant.
In fact, the frequency of fungal infection in this study
was higher than that in a kidney transplant study [18].
Similarly, the R group of SNPs in FCGR2A was
detected as a significant predictive factor for CMV
infection-free survival in LDLLT but not in DDLT.
Regarding CMV infection, the association between
CMV infection and SNPs in FCGR3A was previously
reported in a study on cardiac transplantation [39]. In
contrast, some other studies on solid organ transplan-
tation reported no significant association between SNPs
in FCGR2A and CMV infection [17,18]. These
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Figure 5 (a) In LDLLT, the actuarial 5-year overall survival (OS) in the H/H group was 85.3% (95% Cl: 71.4-92.8%), which was comparable
with that of the R group [74.7% (95% Cl: 51.8-87.9%); P = 0.941). (b) The actuarial 5-year OS in DDLT was comparable between the two
groups [64.0% (95% Cl: 47.0-76.8%) in the H/H group vs. 62.3% (95% Cl: 39.6-78.5%) in the R group, respectively; P = 0.963]. Cl, confi-
dence interval; DDLT, deceased-donor lung transplant; ICU, intensive care unit; LDLLT, living-donor lobar lung transplant; OS, overall survival.
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Figure 6 (a) In LDLLT, the actuarial 5-year CLAD-free survival rate was not significantly different between the H/H and R groups [73.1% (95%
Cl: 56.9-83.9%) in the H/H group vs. 55.2% (95% Cl: 33.5-72.4%) in the R group, respectively; P = 0.377]. (b) In DDLT, the actuarial 5-year
CLAD-free survival rate in the H/H group was 57.5% (95% Cl: 41.6-70.6%), which was comparable with that of the R group [46.6% (95%
Cl: 23.9-66.6%); P = 0.779]. Cl, confidence interval; CLAD, chronic lung allograft syndrome; DDLT, deceased-donor lung transplant; ICU,
intensive care unit; LDLLT, living-donor lobar lung transplant.

discrepancies might be derived from differences in the
strategies for the prevention of CMV infection among
transplant centers.

The SNPs in FCGR2A were not identified as predic-
tive factors for prognoses in LDLLT or DDLT; however,
they were identified as predictive factors for infectious

Transplant International 2021; 34: 2192-2204
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complications in LDLLT. This discrepancy in LDLLT
may be due, in part, to early detection of infectious
complications and appropriate postoperative manage-
ment. In contrast, SNPs in FCGR2A were reported to
be associated with CLAD-free survival but not OS in a
previous paper [22]. One potential explanation for this
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Table 6. Multivariate analysis for overall survival in LDLLT.

CMV, cytomegalovirus; FCGR2A, Fc gamma receptor lIA;
LDLLT, living-donor lobar lung transplant; SNP, single nucleo-
tide polymorphism.

Table 7. Multivariate analysis for CLAD-free survival in
LDLLT.

CMV, cytomegalovirus; FCGR2A, Fc gamma receptor lIA;
LDLLT, living-donor lobar lung transplant; SNP, single nucleo-
tide polymorphism.
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discrepancy is that, compared to other countries, more
LDLLTs and single DDLTs are performed in Japan due
to a severe donor shortage, and the HLA mismatch
between donors and recipients in Japan appears smaller
than that of other countries [24,40]. Nevertheless, infec-
tion is known as one of the main causes of death after
LTx in mid-term and long-term follow-up; therefore,
postoperative careful follow-ups should be performed to
detect potential signs of infection in LTx recipients with
H/R and R/R.

It has been reported that dnDSAs are associated with
worse outcomes after LTx [41,42]. In this study, SNPs
in FCGR2A were not significant predictors of dnDSA-
free survival in LDLLT or DDLT. The underlying cause
of these results remains unclear; however, the results
may be related to the fact that the frequency of dnDSA
in LDLLT was significantly lower than that in DDLT;
furthermore, dnDSAs in DDLT were detected earlier
than those in LDLLT [43]. Nevertheless, it is necessary
to continue to perform postoperative monitoring of
anti-HLA antibodies, since the dnDSA development
may increase with the longer postoperative observation
period.

This study has several limitations. First, this was a
retrospective, nonrandomized, single institutional study.
Second, this study included a relatively large number of
recipients undergoing LDLLT because of the severe
donor shortage in Japan. Thus, the characteristics of
recipients in this study may differ from other studies
[44].

In conclusion, although there were no significant dif-
ferences in prognoses after LTx among SNPs in
FCGR2A, a SNP in FCGR2A (H/R or R/R) was detected
as a significant predictive factor for pneumonia, fungal
infection, and CMV infection after ICU discharge
among LDLLT recipients. Therefore, LDLLT recipients
with these FCGR2A SNPs presenting infectious compli-
cations may require careful monitoring.
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