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Abstract

OBJECTIVES: Human leucocyte antigen (HLA) mismatch between donor and recipient has a differential impact on the outcome after
transplant (Tx) among transplantable solid organs. Although the lung is considered a highly antigenic organ, the impact of HLA matching
between the donor and the recipient has been shown to be heterogeneous on lung Tx outcome. To provide further evidence that HLA
matching should be considered in the decision process prior to lung Tx, we evaluated the impact of donor/recipient HLA mismatch on the
outcome after lung Tx at our institution.

METHODS: All patients who underwent lung Tx were analysed in this retrospective single-cohort study between 1994 and 2013 for HLA
(-A, -B or -DR) matching between the donor and the recipient and their association with overall survival, the incidence of acute cellular re-
jection (ACR) and the development of chronic lung allograft dysfunction (CLAD).

RESULTS: In total, 371 (197 men) patients were included. Of these, 117 patients had no HLA match (0/6), 143 had a 1/6 match, 77 had 2/6
matches, 28 had 3/6 matches and 6 had 4/6 matches. One hundred and twenty-two (33%) patients experienced at least 1 episode of ACR
and 172 (46%) patients developed CLAD. Univariate analysis showed a significant correlation between HLA mismatch and the develop-
ment of CLAD, whereas multivariate analysis revealed that the number of HLA matches (hazard ratio 0.76; P = 0.002), antibodies to cyto-
megalovirus in either donors or recipients (hazard ratio 1.52; P = 0.036) and donor age (hazard ratio 1.03; P < 0.001) were independent risk
factors for the development of CLAD. On the other hand, HLA matches did not correlate with the incidence of ACR and with the overall
survival rate.

CONCLUSIONS: The number of HLA mismatches between donors and recipients after lung Tx did not correlate with ACR or with the
overall survival. In contrast, HLA mismatch correlated with the development of CLAD and should therefore be considered a risk factor.
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INTRODUCTION

The impact of human leucocyte antigen (HLA) mismatch between
the donor and the recipient on outcome after a transplant (Tx)
varies significantly among transplantable solid organs [1]. Although
an optimal HLA match has been considered necessary for a fa-
vourable outcome in kidney transplants [2], it does not appear to
be of similar importance for other organs. The need for HLA
matching seems to play a minor role for liver transplants because
HLAs on hepatocytes are expressed to a lesser extent compared
with the kidney, thereby rendering this organ less antigenic and

resulting in a comparable outcome between HLA-mismatched
and HLA-matched organ recipients [3].

The lung is considered a particularly highly antigenic organ,
dealing with foreign antigens within the circulation upon Tx as
well as displaying a large repertoire of receptors against airborne
antigens. Compared to outcomes with other solid transplantable
organs, the outcome after lung Tx is inferior [4]. The survival of
patients who receive lung transplants is mainly hampered by the
high incidence of chronic lung allograft dysfunction (CLAD) [5].
Major risk factors for the development of CLAD are the fre-
quency and severity of acute cellular rejection (ACR) but non-
immunological factors [6] also play a role. The impact of HLA
mismatch on Tx outcome, including ACR, CLAD and overall sur-
vival of patients, has been reported with conflicting results for
patients who receive lung transplants [7–9]. Although several
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centres have reported that an HLA mismatch impairs the out-
come after a lung Tx, other groups did not find this correlation
[10]. Yet, ACR episodes were found to be associated with HLA
mismatch, and the development of CLAD was reported to be
increased when more than 2 HLA loci were mismatched upon Tx
[11]. Also, the presence of alloantibodies directed against donor
HLAs in lung Tx seems to be of increased importance [12–15].

To further strengthen the evidence of HLA mismatch and lung
Tx outcome, we provide an analysis of a single-centre cohort of
HLA match in patients who underwent lung Tx between 1994
and 2013.

PATIENTS AND METHODS

Study design

Clinical parameters and HLA characteristics from donors and recipi-
ents who underwent lung Tx in the University Hospital Zurich be-
tween 1994 and 2013 were systematically reviewed. Additionally,
overall survival, the incidence of ACR and the development of
CLAD in recipients who received transplants and the correlation of
these parameters with clinical variables including HLA mismatches
were analysed. This study was approved by the local ethics com-
mittee under the number KEK 2016-02155.

Patients

A total of 371 patients were included. Only patients with primary
transplants (no retransplants) and those with complete HLA data
available were included. Clinical variables including HLA donor
and recipient data were retrieved from patient charts and donor
reports. Two haplotypes of the 3 main genes, HLA-A, HLA-B and
HLA-DR, were recorded. In addition, the cytomegalovirus (CMV)
status of the patients was evaluated as well as smoking pack years
of donors, type of procedure and cold ischaemic time. All patients
underwent lung Tx at the University Hospital Zurich and received
standard post-transplant medication, consisting of cyclosporine,
prednisone and mycophenolate mofetil and antiviral therapy with
ganciclovir as previously described [16]. Two hundred and eighty-
one (76%) patients who had transplants underwent postoperative
surveillance bronchoscopy for potential ACR. After receiving a
lung Tx, most patients underwent surveillance bronchoscopy.
However, in some cases, no surveillance bronchoscopy was per-
formed because [1] the patient was transferred to another hospital
[2], the performance status of the patient was not good enough to
perform surveillance bronchoscopy or [3] the patient refused sur-
veillance bronchoscopy. To further identify patients developing
CLAD, postoperative lung function tests were also analysed. CLAD
was diagnosed if the forced expiratory volume in 1 s and/or the
forced vital capacity declined further to <_ 80% of the postoperative
best values for at least 3 weeks but was ruled out if specific causes
such as ACR, infection or other pathological conditions were pre-
sent [17]. Patients who died within 3 months postoperatively were
not included in the evaluation for CLAD/non-CLAD.

End-points

The primary end-point of this study was overall survival of the
patients who underwent a Tx. Overall survival was recorded in
months post-transplant. We selected 1 January 2016 as the date

of the event. Secondary end-points were the incidence of ACR
and development of CLAD. To reach a conclusion about those
end-points, HLA data from the donors and their matching recipi-
ents were analysed and cross-matched. In a second step, HLA
mismatches were sorted and compared to the time of survival, to
the incidence of ACR and to the development of CLAD.

Statistical analysis

For the evaluation of ACR- and CLAD-free survival, death without
ACR and CLAD was not censored. The Kaplan–Meier curves were
generated for overall survival and ACR- and CLAD-free survival in
patients following lung Tx. A log-rank test was performed to test
the differences among the variables. Univariate and multivariate
analyses by Cox regression were used for the analysis of risk fac-
tors for overall survival and ACR- and CLAD-free survival, be-
cause the dependent variable contained not only the event (yes/
no) but also the time frame [18]. Clinical variables used for the
multivariate model were those considered significant based on
the univariate analysis. In multivariate analysis, quantitative data
were regarded as continuous variables. A stepwise forward pro-
cedure was used for the selection of the independent variables.
A hazard ratio (HR) for significant variables was reported with the
95% confidence interval (95% CI). A P-value of 0.05 or less was
considered significant. The statistical analyses were performed
with IBM SPSS Statistics, version 22 (IBM Corp, Armonk, NY,
USA).

RESULTS

Human leucocyte antigen mismatches between
transplant donor and recipient

Patient characteristics and perioperative data are outlined in
Table 1. Three hundred and forty-seven recipients (94%) received
bilateral lung transplants; 7%, a single-lung Tx. HLA matches of 6
different haplotypes between donor and recipient of the lung
were assigned to 5 different groups: The first group with 117
(32%) patients comprised patients who had no match in HLA
haplotypes between the donor and the recipient (HLA match
0/6). The second group with 143 (39%) patients comprised pa-
tients who had 1 HLA match (HLA match 1/6). The third group,
which had 2 HLA matches (HLA match 2/6) comprised 77 (21%)
patients, the fourth group with 3 HLA matches (HLA match 3/6)
included 28 (8%) patients and the fifth group with 4 HLA matches
(HLA match 4/6) included 6 patients, respectively.

Human leucocyte antigen mismatch is not
associated with overall survival

The 5-year overall survival was 60%, as shown in Fig. 1. The
Kaplan–Meier curves in Fig. 2 depict the overall survival stratified
by HLA matches. Patients with 4 HLA matches had a better sur-
vival rate, although the log-rank test did not show any significant
difference. Univariate analysis identified donor age (P = 0.021),
smoking pack years of donor (P = 0.014), recipient age (P < 0.001),
CMV antibody positivity either in the donor or in the recipient
(P = 0.022), patients who did not have cystic fibrosis (P = 0.001)
and unilateral Tx (P < 0.001) as unfavourable factors for overall
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survival (Table 2). Multivariate analysis identified independent
risk factors for overall survival to be pack years of donor smoking
(HR 1.01, 95% CI 1.00–1.02; P = 0.033), recipient age (HR 1.02,
95% CI 1.01–1.03; P < 0.001) and unilateral Tx (HR 1.86, 95% CI
1.08–3.19; P = 0.025) (Table 3). However, the number of HLA
matches on A-, B- or DR loci was not related to overall survival.

The incidence of acute cellular rejection does not
depend on human leucocyte antigen matching

In 281 patients who had postoperative surveillance bronchos-
copy, 122 showed pathological findings of ACR. The 5-year ACR-
free survival rate was 55% (Fig. 1). The evaluation of ACR by
univariate analysis detected that a younger recipient age was
related with lower incidence of ACR (HR 0.99, 95% CI 0.98–1.00;
P = 0.033). A multivariate analysis was not performed because
there was only 1 variable detected by univariate analysis. The
number of HLA matches on HLA-A, -B or -DR loci was not
related with the incidence of ACR.

The development of chronic lung allograft
dysfunction depends on human leucocyte
antigen matching

CLAD was diagnosed in 172 (46%) patients during the observa-
tion period. The 5-year CLAD-free survival rate was 62% (Fig. 1).
The evaluation by univariate analysis showed that donor age
(P < 0.001), smoking pack years of the donor (P = 0.025), recipient
age (P < 0.001), the number of HLA matches (P = 0.008), CMV
antibody status (P = 0.002), non-cystic fibrosis status (P = 0.004)
were the related factors with developing CLAD (Table 2). Figure 3
provides the Kaplan–Meier curves showing CLAD-free survival
stratified by HLA matches. Multivariate analysis confirmed that
the number of HLA matches was one of the independent favour-
able factors for the development of CLAD (HR 0.76, 95% CI 0.64–
0.91; P = 0.002) (Table 4). However, matches on -A, -B or -DR loci
were not related with the development of CLAD. Of note, donor
age (HR 1.03, 95% CI 1.01–1.04; P < 0.001) and CMV antibody
positivity status of either the donors or the recipients (HR 1.52,

Table 1: Patient characteristics

Total n = 371

Donor age (years), n (%)
<18 23 (6)
18–29 65 (18)
30–39 64 (17)
40–49 82 (22)
50–59 76 (21)
>_60 61 (16)

Recipient age (years), n (%)
<18 22 (6)
18–29 74 (20)
30–39 50 (14)
40–49 54 (15)
50–59 99 (27)
>_60 72 (19)

Donor gender, n (%)
Male 228 (62)
Female 143 (39)

Recipient gender, n (%)
Male 197 (53)
Female 174 (47)

Blood group, n (%)
A 194 (52)
B 33 (9)
AB 18 (5)
O 126 (34)

Donor pack years, n (%)
0 196 (53)
1–10 37 (10)
>10 64 (17)

Donor CMV Ab, n (%)
Positive 187 (50)
Negative 182 (49)

Recipient CMV Ab, n (%)
Positive 139 (38)
Negative 228 (62)

Diagnosis recipient, n (%)
Cystic fibrosis 126 (34)
Emphysemaa 106 (29)
Idiopathic pulmonary fibrosis 59 (16)
Pulmonary hypertension 20 (5)
Others 60 (16)

Matches in HLA-A, -B or -DR, n (%)
None 117 (32)
1 143 (39)
2 77 (21)
3 28 (8)
4 6 (2)

Matches in HLA-A, n (%)
None 205 (55)
1 155 (42)
2 11 (3)

Matches in HLA-B, n (%)
None 286 (77)
1 83 (22)
2 2 (1)

Matches in HLA-DR, n (%)
None 238 (64)
1 126 (34)
2 7 (2)

Procedure type, n (%)
Bilateral Tx 347 (94)
Unilateral Tx 24 (7)

Cold ischaemia time (min), n (%)b

<200 20 (5)
200–299 116 (31)
300–399 166 (45)
>_400 64 (17)

Continued

Table 1: Continued

Total n = 371

Incidence of ACR during observation, n (%)
Yes 122 (33)
No 159 (43)

Development of CLAD during observation, n (%)
Yes 172 (46)
No 153 (41)

Death within 1 month postoperatively, n (%)
Yes 24 (7)
No 347 (94)

aEmphysema includes chronic obstructive pulmonary disease and
alpha 1-antitrypsin deficiency.
bCold ischaemia time until reperfusion of the second lung, if bilateral.
Ab: antibody; ACR: acute cellular rejection; CLAD: chronic lung allograft
dysfunction; CMV: cytomegalovirus; HLA: human leucocyte antigen; Tx:
transplant.
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95% CI 1.03–2.25; P = 0.036) were also independent risk factors
for the development of CLAD (Table 4).

DISCUSSION

There is a clear understanding of the central functional role of
HLA in the immune response in recipients of solid organ trans-
plants. This fact applies particularly to kidney Tx recipients in
whom an HLA-A, -B or -DR match between the donor and the
recipient is historically compulsory [19]. Less evidence exists for
recipients of lung transplants concerning the relation between
the level of HLA mismatch and outcome. Donor selection for a
lung Tx is classically based on clinical urgency, ABO compatibility

and donor size. HLA matching is not considered a decisive criter-
ion. However, data from various centres worldwide suggest that
the presence and development of anti-HLA antibodies are associ-
ated with poorer outcomes after lung Tx. A number of studies
emphasize the impact of HLA mismatch on overall outcome.
Data from the United Network for Organ Sharing support the
finding of the negative association between HLA mismatch and
graft and overall survival to be statistically significant in both
double and left-lung transplants [20], data that were recently con-
firmed showing that HLA mismatching is associated with an
increased risk of death after lung Tx [21]. These data were also
confirmed by others [9]. Our own data suggest that there is an
advantage for the overall survival of a patient who has 3 out of 6
matching HLA genes with his or her donor. The differences in
survival were not significant between groups; however, a trend
indicates the superior survival of patients with at least 4 matching
HLA loci. In line with our data, Peltz et al. [12] found that recipi-
ents receiving grafts with up to 3 HLA matches had a significantly
improved 5-year survival rate compared to patients with a lower
number of matching HLA genes. Yet, this study comprised a total
of 7127 patients transplanted in the USA between 1994 and 2004
who were included for the survival analysis, which is a much
larger patient cohort than our study and may explain the differ-
ence in significance. On the other hand, even a large study of
3549 patients showed a modest effect of HLA matching on over-
all outcome, but the effect of each covariate was small and a de-
finitive conclusion could not be drawn [10].

The main finding of our study on the analysis of all lung Tx
patients is that the number of HLA mismatches correlates with
the development of CLAD, which others have also recognized
[22, 23]. Moreover, when the data were stratified particularly for
differences at the HLA-A locus between the donor and the recipi-
ent, the incidence of CLAD increased [11, 24]. Alternatively, van
den Berg et al. [25] showed specifically that the mismatching on
the HLA-DR loci is a risk factor for the development of CLAD and
graft loss. However, HLA mismatching itself is not a necessary
precondition per se for a poorer outcome. It is rather the pres-
ence and development of alloantibodies as a consequence of
HLA mismatching that decide the fate of the transplanted organ.
In line with this hypothesis, a recent study showed that not the
HLA mismatch itself but rather the presence of antibodies im-
pacts graft survival [26]. Also, others could directly show that the
development of antibodies to HLA antigens after Tx correlated

Figure 1: The Kaplan–Meier curves of (A) overall survival, (B) ACR-free survival and (C) CLAD-free survival in all patients. ACR: acute cellular rejection; CLAD: chronic
lung allograft dysfunction; Cum: cumulative; Tx: transplant.

Figure 2: Overall survival of all lung transplant patients with 0, 1, 2, 3 or 4
human leucocyte antigen matches. Tx: transplant.
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significantly with the development of bronchiolitis obliterans
syndrome, the most common form of CLAD. Interestingly, how-
ever, the development of antibodies to HLAs did not affect the
overall survival rate [27].

Less evidence exists for the correlation of ACR and HLA mis-
match. Schulman et al. [8] found that mismatches between
donors and recipients at the HLA-DR and HLA-B loci are import-
ant risk factors for early high-grade rejections after lung Tx.
A study from 2004 [28] showed that HLA-specific antibodies are
associated with high-grade lung allograft acute rejection. Wisser
et al. [29] found a strong influence of HLA matching on the long-
term outcome after lung Tx but no significant correlation of HLA
mismatch with ACR or CLAD. In our patients, the existence of 6
out of 6 HLA mismatches did not show a significantly higher inci-
dence of ACR compared to those patients with at least 1 HLA
match. Also, there was no advantage in terms of ACR observable
for patients with more than 1 HLA match. These dichotomous re-
sults underscore the discrepancy between the mismatch of HLA
and the presence and effect of antibodies inducing ACR.

Limitations

One major aspect limits the significance of this study: The limited
number of patients with lung transplants does not allow the gen-
eration of significant findings for all variables, particularly for

Figure 3: CLAD-free survival of lung transplant patients with 0, 1, 2, 3 or 4
human leucocyte antigen matches. CLAD: chronic lung allograft dysfunction;
Tx: transplant.

Table 2: Univariate analysis for the development of chronic lung allograft dysfunction and overall survival

Variablesa Overall survival Development of CLAD

HR (95% CI) P-value HR (95% CI) P-value

Donor age 1.01 (1.00–1.02) 0.021 1.02 (1.01–1.03) <0.001
Pack years of donor 1.01 (1.00–1.02) 0.014 1.01 (1.00–1.02) 0.025
Recipient age 1.02 (1.01–1.03) <0.001 1.02 (1.01–1.03) <0.001
Number of HLA matches 0.96 (0.84–1.10) 0.57 0.81 (0.69–0.95) 0.008
CMV Ab D(+) and/or R(+)b 1.42 (1.052–1.91) 0.022 1.69 (1.20–2.37) 0.002
Cystic fibrosisc 0.61 (0.45–0.82) 0.001 0.62 (0.45–0.86) 0.004
Unilateral Txd 2.26 (1.44–3.55) <0.001 1.62 (0.86–3.09) 0.14

aVariables without a mark are continuous variables.
bCompared with CMV Ab D(-) and R(-).
cCompared with other diseases.
dCompared with bilateral Tx.
Ab: antibody; CI: confidence interval; CLAD: chronic lung allograft dysfunction; CMV: cytomegalovirus; D: donor; HLA: human leucocyte antigen; HR: hazard
ratio; R: recipient; Tx: transplant.

Table 4: Multivariate analysis for the development of
chronic lung allograft dysfunction

Variablesa HR (95% CI) P-value

Donor age 1.03 (1.01–1.04) <0.001
Number of HLA matches 0.76 (0.64–0.91) 0.002
CMV Ab D(+) and/or R(+) b 1.52 (1.03–2.25) 0.036

aVariables without a mark are continuous variables.
bCompared with CMV Ab D(-) and R(-).
Ab: antibody; CI: confidence interval; CMV: cytomegalovirus; D: donor;
HLA: human leucocyte antigen; HR: hazard ratio; R: recipient.

Table 3: Multivariate analysis for overall survival

Variablesa HR (95% CI) P-value

Pack years of donor 1.01 (1.00–1.02) 0.033
Recipient age 1.02 (1.01–1.03) <0.001
Unilateral Txb 1.86 (1.08–3.19) 0.025

aVariables without a mark are continuous variables.
bCompared with bilateral Tx.
CI: confidence interval; HR: hazard ratio; Tx: transplant.
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overall survival, as indicated in the survival curves of HLA-
matched patients. Furthermore, the retrospective character of
the analysis of data could have potentially excluded confounding
variables with a potential risk for data entry errors and missing
data points that could have restricted statistical analysis.
Furthermore, we were not able to provide the levels of antibod-
ies against HLA for these patients.

CONCLUSION

HLA-matching should be considered on a regular basis in future
studies in order to be able to better characterize and identify the
group of patients at increased risk for Tx rejection. Nevertheless,
we believe that, with this report, we contribute to the current evi-
dence of the importance of HLA matching by showing that HLA
mismatches impact the development of CLAD.

ACKNOWLEDGEMENTS

The authors thank Professor Burkhardt Seifert, Division of
Biostatistics, University of Zurich, for the valuable advice on statis-
tical analysis.

Conflict of interest: none declared.

REFERENCES

[1] Mehra NK, Baranwal AK. Clinical and immunological relevance of anti-
bodies in solid organ transplantation. Int J Immunogenet 2016;43:
351–68.

[2] Williams RC, Opelz G, McGarvey CJ, Weil EJ, Chakkera HA. The risk of
transplant failure with HLA mismatch in first adult kidney allografts from
deceased donors. Transplantation 2016;100:1094–102.

[3] Navarro V, Herrine S, Katopes C, Colombe B, Spain CV. The effect of
HLA class I (A and B) and class II (DR) compatibility on liver transplant-
ation outcomes: an analysis of the OPTN database. Liver Transpl 2006;
12:652–8.

[4] Christie JD, Edwards LB, Kucheryavaya AY, Benden C, Dipchand AI,
Dobbels F et al. The Registry of the International Society for Heart and
Lung Transplantation: 29th adult lung and heart-lung transplant report-
2012. J Heart Lung Transplant 2012;31:1073–86.

[5] Verleden GM, Vos R, Vanaudenaerde B, Dupont L, Yserbyt J, Van
Raemdonck D et al. Current views on chronic rejection after lung trans-
plantation. Transpl Int 2015;28:1131–9.

[6] Vos R, Verleden SE, Verleden GM. Chronic lung allograft dysfunction:
evolving practice. Curr Opin Organ Transplant 2015;20:483–91.

[7] Mangi AA, Mason DP, Nowicki ER, Batizy LH, Murthy SC, Pidwell DJ
et al. Predictors of acute rejection after lung transplantation. Ann Thorac
Surg 2011;91:1754–62.

[8] Schulman LL, Weinberg AD, McGregor C, Galantowicz ME, Suciu-Foca
NM, Itescu S. Mismatches at the HLA-DR and HLA-B loci are risk factors
for acute rejection after lung transplantation. Am J Respir Crit Care Med
1998;157:1833–7.
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