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This study investigated acute rejection in ABO-compatible versus ABO-identical lung transplants from 2005–2023, with a secondary objective of comparing 5-year survival. Lung transplantation improves quality of life and survival; however, organ scarcity remains a major challenge. While ABO-identical matching has traditionally been preferred, evolving allocation policies and research have increased the use of ABO-compatible transplants to expand the donor pool. A retrospective cohort study using the UNOS database included adult recipients (n = 32,761). Comparisons were made between ABO-identical (n = 30,347) and ABO-compatible (n = 2,414) groups. Logistic regression assessed acute rejection, and Kaplan-Meier and Cox proportional hazards models evaluated 5-year survival. There was no significant difference in acute rejection (p = 0.99; OR = 1.03, 95% CI 0.86–1.21). ABO-identical transplants showed improved 5-year survival (p = 0.019; HR = 0.91, 95% CI 0.85–0.98), with benefits limited to recipients with obstructive lung disease (p = 0.043) and those in the highest LAS quartile (p = 0.014). The differential benefit of this modest association between ABO-identical matching and survival in this subpopulation remains unclear. Overall, ABO-compatible transplantation safely expands donor availability without increasing rejection risk.
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INTRODUCTION
Lung transplantation offers improved quality of life and survival, with approximately 88.4% 1-year survival rates in 2018–2023 [1]. Globally, the incidence of lung transplant surpasses more than 4,600 cases annually, the majority being bilateral, with a median survival of 6.2 years in the adult population [2]. In 2022, 2,743 lung transplants were performed, a number that has been gradually increasing since the pandemic, alongside the addition of 3,161 candidates to the waiting list [3]. However, organ scarcity remains a significant challenge [3]. Donor-recipient matching is an evolving strategy aimed at optimizing the best organ for the most medically urgent recipient [3]. Prior to 2023, lung allocation was determined by a classification-based system [4]. Candidates were initially arranged into ordered groups based on blood type identical and within 250 miles of the donor hospital [5]. Within each group, the candidates were then ranked preferentially by Lung Allocation Scores (LAS) [5].
In early 2023, the lung allocation policy converted to a continuous distribution framework, which utilizes a composite allocation score (CAS) to determine the preferential order of candidates when a medically suitable donor becomes available [5]. This change was implemented to improve fairness, decrease waitlist mortality, increase access to lung transplants for the most medically urgent candidates, and improve patient outcomes in lung transplant allocation [5]. The Lung CAS includes nine candidate attributes, which include two components of the LAS. These are expected 1-year waiting list mortality without a transplant (WLAUC), expected 5-year post-transplant survival, blood type matching, CPRA (HLA antibody sensitization), height, pediatric status, prior living donor status, travel efficiency (including travel and transportation costs), and proximity efficiency [5]. Blood type matching (ABO-compatible, see Methods “ABO Matching”) allows recipients with harder-to-match blood types to have increased priority for potential donors compared to those with more common blood types, providing a recipient with more prospective donors, compared to blood type identical matching [5].
Traditionally, ABO-identical matching has been preferred in lung transplantation due to the perceived lower risk of rejection [6]. Non-identical ABO or ABO-compatible lung transplantation is an area of ongoing research to expand the donor pool for recipients, with prior studies suggesting good outcomes with ABO compatible transplants [6–9]. These studies were, however, limited due to sample size and single-center studies, for instance, investigating 325 patients between 1990 and 2016 [9]. Taghavi et al. examined 6,655 adult double lung transplantations from May 2005 to December 2011, and their multivariate analysis demonstrated no association with long-term or short-term mortality [8]. There was no clarity, however, on whether acute and chronic rejection were more common among ABO compatible organs.
Our study builds upon previous research by comparing outcomes between recipients of identical and compatible ABO lung transplants, focusing on patient survival and acute rejection rates. Acute rejection is a clinically meaningful marker of immune injury due to the possibility of ABO-incompatibility triggering acute or hyperacute antibody-mediated graft rejection [10] and complications such as passenger lymphocyte syndrome [11], as well as it being a risk factor associated with the development of chronic lung allograft dysfunction [12]. 5-year survival is a robustly captured endpoint in UNOS that has notably been incorporated in the lung allocation policy to prioritize candidates, reflecting consensus that this endpoint is an important measure of transplant benefit [13]. The aim of our study is to gain insight into the role of ABO compatibility in optimizing lung transplant outcomes and inform clinical decision-making to enhance donor organ utilization.
MATERIALS AND METHODS
Study design and population
United Network for Organ Sharing (UNOS) is a non-profit organization contracted by the federal government to manage organ donation and allocation. The Standard Transplant Analysis and Research data files, a public-access dataset, were obtained from the UNOS registry. All lung transplants, both single and double, performed in the United States from June 2005 to June 2023 were examined. ABO compatible transplants were compared to ABO identical transplants, with an endpoint of risk-adjusted all-cause mortality. Acute rejection, which was defined as any recorded acute rejection episode in the follow-up window of our dataset, was used as a secondary endpoint.
Study population (inclusion/exclusion criteria)
We included all de-identified lung transplants in the UNOS registry from June 2005-June 2023 with donor-recipient ABO match categorized as ABO-identical or compatible. We excluded pediatric recipients, recipients without an acute rejection episode status classification, recipients without a recipient BMI or associated donor BMI, and cases without ischemic time. Re-transplantations and multi-organ transplants were not excluded. For survival analyses, recipients missing survival time were excluded and follow-up was censored at 5 years.
Primary exposure
The ABO blood group compatibility was classified into “Identical” and “Compatible.”
Primary outcome
The primary outcome used in our analysis was risk-adjusted all-cause mortality.
Confounding variables
Additional variables examined included recipient age, donor age, lung transplant type (single or double), recipient gender, and medical conditions of the recipient before transplantation, categorized as “hospitalized but not ICU”, “Intensive Care”, or “Not Hospitalized”. We also maintained the four major categories from LAS in this analysis, including obstructive lung disease, pulmonary hypertension, cystic fibrosis, and restrictive lung disease [14]. We also used the UNOS data set to calculate age difference as the absolute age difference between the recipient and donor. We calculated BMI differences as the absolute difference in BMI between the recipient and donor, and height differences as the absolute height difference between the recipient and donor. The initial Lung Allocation Score was cut at the 25th (33.74) and 75th (44.96) percentiles to define three groups (below 1st, 1st–4th, above 4th).
Statistical analysis
Univariate comparisons between groups based on ABO compatibility and acute rejection event used chi-square tests for categorical variables and t-tests for continuous variables. Statistical significance was defined as a two-tailed p-value of less than 0.05. Multivariable logistic regression was utilized to assess the association between ABO status and acute rejection ABO status and ICU status, ICU status and blood type, and high vs. low LAS score as a function of blood type.
Kaplan-Meier survival analysis was used to estimate overall survival probabilities over 5 years post-transplant, capped at 1825 days (5 Years), and the status of each patient (alive or deceased). A Cox proportional hazards model was used to assess the impact of ABO status on survival, adjusting for age, allocation quartile, and disease category, transplant type, and gender.
Data organization, analysis, manipulation, visualization, and statistical analysis were performed using R statistical software while running and utilizing the following packages: survival, survminer, dplyr, ggplot2, tidyverse, readxl, and compareGroups [14–19].
Ethics statement
According to our institution’s IRB office this study does not meet the criteria for IRB approval as this study does not include identifiable human subjects. This study only contains de-identified UNOS data and is not interacting with any participants or obtaining identifiable data from other sources.
ABO matching
ABO blood grouping, also known as blood type, is the presence or absence of antigens, labeled A and B, on the surface of a red blood cell (RBC) [20]. In the absence of one or both antigens, antibodies against the antigen are formed [21]. It is these antibodies that cause mismatch reactions. People whose red blood cells display only the A antigen generate serum anti-B antibodies and are labeled as type A21. Conversely, those with B-antigen have anti-A-antibodies and are considered type B. Individuals with both A and B antigens do not produce any antibodies and are labeled AB. Lastly, people expressing neither antigen are considered O-type and generate antibodies to both A- and B-type antigens [21].
ABO matching has been a significant cornerstone of transplantation [22]. Type O recipients can only receive blood from donors who are also Type O, as they have circulating antibodies to both A and B antigens [22]. Type A can receive organs from type A or O donors and Type B can receive organs from type B or O donors [22]. Type AB individuals do not have antibodies; therefore, they can receive donors from all blood types. When a recipient and donor are matched to the same ABO type (e.g., a Type A recipient receiving a Type A donor), this is referred to as ABO-identical matching. Minor ABO-incompatibility, or ABO-compatible transplantation, occurs with a blood type O donor lung transplanted into A, B, or AB recipients, or a blood type A and B donor lung transplanted into a AB recipient [22].
Major ABO-incompatibility occurs when an organ with A or B antigens is transplanted into a recipient with corresponding antibodies, most seen when blood type O patients receive lungs from A, B, or AB donors. ABO-incompatible cases have been done only inadvertently due to clerical errors [7, 23, 24].
RESULTS
During the study period, 34,369 patients underwent lung transplantation, as reported by the UNOS database. Pediatric patients under the age of 18 years were excluded, leaving 33,706 adult patients. These were screened for documentation of acute rejection episodes (33,324). Patients with missing data for body mass index (BMI) from either the donor or the recipient were also excluded, as were patients with no recorded ischemic time, resulting in a final retrospective cohort of n = 32,761 (Figure 1). Of this, 30,347 transplants occurred with identical ABO matching, and 2,414 occurred with compatible matching.
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In the univariate analysis (Table 1), there was no significant difference in gender or acute rejection between identical ABO and compatible matching. The ABO compatible group had an older mean age (58.4 in compatible vs. 57.1 in identical) (age, p < 0.001) and a similar BMI (25.3 in compatible and 25.5 identical) (BMI, p = 0.005). There was a small, but statistically significant difference in the ABO identical group being more likely to be transplanted from the ICU (12.8% in identical vs. 11.8% in compatible) and non-ICU hospitalizations (9.9% in identical vs. 8.0% in compatible). In contrast, the ABO compatible group was more likely to be transplanted from an outpatient setting (80.2% in compatible vs. 77.2% in identical). (Medical conditions, p = 0.002). Patients with low LAS scores are likely to be on the waitlist for a long time as they are not a priority due to their LAS score, which is calculated by their disease severity as a factor. As a result, they are more likely to have compatible ABO matching because they would not otherwise receive a transplant. Additionally, to examine if ABO-compatible grafts were used in more clinically stable patients, we fit a multivariate logistic regression model with ABO-identical vs. ABO-compatible matching as the outcome. We found a modest increase in use of compatible donors in ICU cases vs. non-ICU-cases (OR 1.26, 95% CI 1.04–1.52). We also fit a multivariate logistic regression model with ICU vs. non-ICU status as the outcome, and found more O type patients (who can only receive ABO-identical grafts) in the ICU (OR 1.16, 95% CI 1.07–1.24). Additionally, we fit a multivariate logistic regression model with high LAS vs. non-high LAS as the outcome and found that O type patients were also in the highest allocation quartile (OR 1.09, 95% CI 1.03–1.15).
TABLE 1 | Summary of patient characteristics (Univariate/Unadjusted analysis).	Variable	Compatible, n = 2,414	Identical, n = 31,235	p-value
	Acute Rejection	​	​	0.99
	No	2251 (93.2%)	28289 (93.2%)	​
	Yes	163 (6.75%)	2058 (6.78%)	​
	Recipient Gender	​	​	0.437
	F	997 (40.5%)	12031 (39.6%)	​
	M	1437 (59.5%)	18316 (60.4%)	​
	Recipient Age	58.4 (12.0)	57.1 (12.6)	<0.001
	Recipient BMI	25.3 (4.35)	25.5 (4.55)	0.005
	Medical Condition	​	​	0.002
	Intensive Care	285 (11.8%)	3888 (12.8%)	​
	Hospitalized – Not ICU	193 (8.00%)	3016 (9.94%)	​
	Not Hospitalized	1936 (80.2%)	23443 (77.2%)	​
	Disease Stratification	​	​	<0.001
	Cystic Fibrosis	170 (7.04%)	2464 (8.12%)	​
	Obstructive	835 (34.6%)	7619 (25.1%)	​
	Other	233 (9.65%)	3496 (11.5%)	​
	Restrictive	1176 (48.7%)	16768 (55.3%)	​
	Lung Transplantation	​	​	<0.001
	Single	798 (33.1%)	8419 (27.7%)	​
	Double	1612 (66.9%)	21920 (72.3%)	​
	Allocation Quartile	​	​	<0.001
	Top	496 (20.5%)	7802 (24.0%)	​
	Middle	1134 (47.0%)	15276 (50.3%)	​
	Bottom	784 (32.5%)	7269 (24.0%)	​


Comparing recipient diagnosis, patients with obstructive disease were more likely to undergo ABO compatible matching (34.6% in compatible vs. 25.1% in identical). Higher use of ABO-compatible donors in patients with obstructive disease likely reflects real-world patterns in center allocation of lungs. Specifically, patients with obstructive disease were more likely to fall into a lower LAS score (65% of obstructive vs. 9.6% and 13.8% of restrictive and other diagnoses, p < 0.001) and be transplanted from an outpatient setting (92.1% of obstructive vs. 73.8% and 69.8% of restrictive and other diagnoses, p < 0.001). Centers may be more willing to accept ABO-compatible organs to expand donor utilization and shorten wait times for this population of patients. In comparison, restrictive (55.3% identical vs. 48.7% compatible), cystic fibrosis (8.12% identical vs. 7.04% compatible), and all other diagnoses (which includes less ubiquitous diagnoses such as Kartagener’s syndrome, common variable immune deficiency, or associated diagnoses such as pulmonary hypertension) (11.5% identical vs. 9.65% compatible) were more likely to undergo ABO identical matching (recipient diagnoses, p < 0.001). 33.1% of recipients with ABO compatible matching underwent single-lung transplantation. In contrast, 27.7% of recipients with ABO identical matching underwent single-lung transplantation (lung transplant type, p < 0.001, Table 1). When stratified by allocation score, the top third and middle tier scores were more likely to receive an ABO identical matching (24.0% and 50.3% in top and middle third) versus compatible (20.5% and 47% in top and middle third). The lower third of allocation scores, however, were more likely to have ABO compatible matching (32.5%) compared to ABO identical (24.0%). (LAS score, p < 0.001). Reviewing episodes of acute rejection, there was no significant difference found between ABO identical matching and ABO compatible matching (acute rejection, p = 0.990).
Based on the univariate results, we adjusted for recipient age, gender, medical condition, and disease type in the logistic regression model (Table 2). Recipients with restrictive disease and the “other” category were at an increased odds of acute rejection compared to the cystic fibrosis phenotype (Odds Ratio [OR] = 1.28, 95% Confidence Interval [CI]: 1.05–1.56), (OR 1.28, 95% CI = 1.05–1.56). Female recipients also had lower odds of acute rejection than their male counterparts (OR = 0.83, CI: 0.76–0.90). There was no significant risk of acute rejection for the recipient, regardless of medical conditions (Hospitalized-Not ICU, Intensive Care, or Not Hospitalized), when adjusting for confounders identified in the univariate analysis (Table 2).
TABLE 2 | Multivariate/Adjusted analysis. Logistic regression - Relative odds of Acute rejection episode confounding for ABO status using logistic regression recipient age, recipient gender, medical condition and disease category. Identical blood type, Hospitalized not ICU and Cystic fibrosis were reference categories for analysis.	Comparison	Odds Ratio	Lower CI	Upper CI
	ABO Identical vs Compatible	0.99	0.84	1.17
	Intensive Care Unit (ICU) vs Not Hospitalized	1.25	1.09	1.42
	Hospitalized, not ICU vs Not Hospitalized	1.11	0.95	1.28
	Obstructive vs Cystic Fibrosis	1.18	0.95	1.46
	Restrictive vs Cystic Fibrosis	1.21	0.99	1.48
	Other vs Cystic Fibrosis	1.23	1.01	1.51
	Top Quartile Allocation Score vs Middle Quartile	1.22	1.09	1.36
	Bottom Quartile Allocation Score vs Middle Quartile	0.98	0.86	1.11
	Single vs. Double Transplant	0.68	0.62	0.76


When adjusted for age, gender, medical condition, disease category, and lung transplant type, the multivariate analysis showed no significant difference in acute rejection between the ABO identical and compatible matching (Table 2).
Overall survival
A Cox proportional hazards regression was used to further investigate the impact of covariates on 5-year survival. Five year survival is reported by the ISHLT data base as it best assesses survival immunogenicity; shorter survival, such as 1 year survival often reflects mortality from infection and acute rejection risk [2]. The factors included gender, ABO status, allocation quartile, disease category (grouped into cystic fibrosis, obstructive, restrictive, and other), and transplant type (single vs. double). The model revealed that ABO-identical matches were associated with a decreased risk of death (Hazard Ratio [HR] = 0.91, 95% CI = 0.85–0.98). Additionally, the highest age quartile of the recipient (HR = 1.48, 95% CI = 1.39–1.58) and the highest allocation score quartile (HR = 1.29, 95% CI = 1.20–1.36) were associated with an increased risk of death. Lastly, recipients with disease in the “other” category were associated with increased risk of death (HR 1.37, 95% CI = 1.25–1.49) (Table 3).
TABLE 3 | Adjusted overall survival investigated using logistic and Cox proportional hazards regression, adjusted for sex, age, allocation quartile, and disease category.	Comparison	Hazards Ratio	Lower .95	Upper .95
	ABO Identical vs Compatible	0.92	0.86	0.99
	Top LAS vs Middle LAS	1.31	1.23	1.39
	Bottom LAS vs Middle LAS	1.07	1.02	1.13
	Obstructive vs Cystic Fibrosis	1.04	0.95	1.13
	Restrictive vs Cystic Fibrosis	1	0.92	1.08
	Other vs Cystic Fibrosis	1.32	1.21	1.45
	Single vs. Double Transplant	0.78	0.75	0.81


Across all patients analyzed, the Kaplan-Meier 5-year survival curve demonstrated a significant survival benefit towards ABO-identical matching compared to compatible matching (p = 0.02) (Figure 2).
[image: Kaplan-Meier comparing survival probability over five years for two groups, Compatible and Identical, with Identical showing a higher survival rate. Reported p-value is zero point zero one eight.]FIGURE 2 | Kaplan-Meier 5-year survival analysis of ABO Compatible vs. Identical Groups.A Kaplan-Meier survival analysis was used to compare the 5-year survival for the four different disease categories: cystic fibrosis, obstructive, restrictive, and other. The analysis revealed a significant difference in survival among the different disease groups (p < 0.0001). Cystic fibrosis had a significantly improved 5-year survival, with the other categories having the worst survival outcomes (Figure 3). When assessing stratification between disease processes, only obstructive disease was found to have a significant difference in survival between ABO identical and ABO compatible groups (p = 0.038) (Figure 4). Restrictive, cystic fibrosis, and the other group did not demonstrate a significant survival difference between identical and compatible matching.
[image: Kaplan-Meier survival curve comparing four groups over five years: cystic fibrosis (red), obstructive (green), restrictive (purple), and other (cyan). Cystic fibrosis shows the highest survival probability. A box indicates p-value less than zero point zero zero zero one.]FIGURE 3 | Kaplan-Meier 5-year survival analysis of lung transplant recipients characterized by lung disease.[image: Kaplan-Meier survival curves for four disease categories—Obstructive, Restrictive, Cystic Fibrosis, and Other—comparing ABO-compatible versus identical matches show decreased survival probability over five years, with hazard ratios and p-values provided for each group.]FIGURE 4 | Kaplan-Meier 5-year survival analysis of lung transplant recipients categorized by ABO identical vs. compatible status receiving lung transplantation stratified by lung disease.Another Kaplan-Meier survival analysis compared the 5-year survival rates of the three allocation score categories: below 1st, 1st–4th, and above 4th, with LAS scores as follows: below_1st = 0–33.74, 1st-4th = 33.75–44.95, and above_4th = 44.96–100. The analysis revealed a significant difference in survival among these three groups, with recipients in the first quartile having the highest 5-year survival rate and those in the lowest quartile having the poorest (p < 0.0001) (Figure 5). When further stratified into allocation score tiers, only the top third of allocation scores demonstrated significant survival with ABO identical matching (p = 0.014); the middle and lowest tiers found no significant difference (Figure 6).
[image: Kaplan-Meier survival curve showing survival probability over five years for bottom quartile (red), middle quartiles (green), and top quartile (blue) groups, with a statistically significant difference indicated by p-value less than 0.0001.]FIGURE 5 | Kaplan-Meier 5-year survival analysis of lung transplant recipients categorized by lung allocation score quartile.[image: Three Kaplan-Meier survival curves compare five-year survival probabilities for patients with different Lung Allocation Score (LAS) quartiles receiving ABO compatible or identical transplants. Top quartile shows significantly improved survival with ABO identical transplants (p-value equals zero point zero one four), while middle and bottom quartiles show no statistically significant difference. A hazard ratio table indicates the lowest hazard for ABO identical versus compatible in the top quartile (HR equals zero point eight six, confidence interval zero point seven five to one point zero zero).]FIGURE 6 | Kaplan-Meier 5-year survival analysis of lung transplant recipients categorized by lung allocation score quartile and stratified by ABO identical vs. compatible status.Lastly, when comparing single and double lung transplantation, there was a significant difference in overall survival (Figure 7) which is consistent with previously published highlighting a survival advantage in double lung transplantation [25, 26]. However, when stratified by ABO compatibility, there is no statistical difference in either the single or double lung transplantation groups, regardless of whether ABO identical or ABO compatible matching occurred (Figure 8).
[image: Kaplan-Meier survival curve comparing single versus double groups over five years, with the double group showing higher survival probability throughout and a statistically significant p-value less than 0.0001.]FIGURE 7 | Kaplan-Meier 5-year survival analysis of lung transplant recipients categorized by single or double lung transplantation.[image: Two Kaplan-Meier survival curves compare five-year survival probabilities for single and double lung transplants by ABO compatibility, showing nearly overlapping lines for compatible and identical matches. Statistical results indicate no significant difference, with p-values of zero point four and zero point one, and hazard ratios near one in both groups.]FIGURE 8 | Kaplan-Meier 5-year survival analysis of lung transplant recipients categorized by ABO identical vs. compatible status receiving lung transplantation stratified by single or double lung transplantation.DISCUSSION
In sum, our work utilized the UNOS database to evaluate outcomes in ABO matching in lung transplantation. Two endpoints were examined: acute rejection and overall survival. Further sub-analysis was performed comparing ABO matching within recipient diagnosis, lung allocation score breakdown, and single versus double lung transplantation. After adjusting for confounding variables, our multivariate analysis demonstrated no significant risk of acute rejection when ABO compatible donors were used compared to the ABO identical group.
When comparing all lung transplants across the board, during the study period, our findings suggest improved long-term survival with ABO identical lung transplants. However, it was found that ABO compatible donors were significantly more likely to undergo a single lung transplant than a double lung transplant. A double lung transplant is widely known to have improved long-term survival compared to a single lung transplant [25]. When the survival data were analyzed after stratifying for transplant type, double versus single, no significant long-term survival difference was found between ABO compatible and ABO identical lung transplant recipients.
We evaluated the long-term survival of ABO compatible versus ABO identical lung transplantation based on recipient diagnosis: obstructive, restrictive, cystic fibrosis, and a fourth category, which included less ubiquitous diagnoses such as Kartagener’s syndrome, common variable immune deficiency, or associated diagnoses such as pulmonary hypertension. We found no significant difference in overall survival in all diagnostic categories except for obstructive disease. Obstructive lung disease is the only diagnosis found to be associated with better survival with ABO-identical transplantation. The biological basis for decreased survival with ABO compatible remains unclear and warrants further investigation considering our findings reflect those of an observational study with retrospective analysis of the database. Based on this, it can be inferred that for other disease categories, ABO-compatible transplantation is a viable option with favorable long-term outcomes.
We then stratified the data by allocation score, dividing it into three parts: the lowest, middle, and top tiers. It was found that only the top tier, with the highest allocation scores, showed statistically significant differences between ABO-identical and ABO-compatible transplantation in terms of overall survival. All other allocation scores showed no significant differences in survival; therefore, an ABO-compatible transplant is a reasonable option.
Chronic rejection is a major driver of reduced long-term survival after lung transplant [27, 28]. Given that immunogenicity drives risk for rejection and consequent mortality, the primary outcome of acute rejection is a useful proxy for understanding the role of ABO-compatible and ABO-identical blood typing. Fewer HLA mismatches, particularly class I, have been shown to significantly decrease the rate of chronic rejection and the development of bronchiolitis obliterans, thus influencing survival [29]. This effect has been demonstrated in the lab as well as in humans. Donor-specific anti-HLA antibodies appear to correlate with elevated defensin levels, which promote sustained inflammation and epithelial proliferation, leading to chronic rejection [30]. Class II HLA mismatching predisposes the recipient to acute rejection [29, 31]. HLA matching chronic rejection is further demonstrated in areas of the world where lobar lung transplantation is performed. Living-donor lobar lung transplant recipients appear to have immunological advantages, such as a reduced incidence and delayed onset of chronic rejection, as well as fewer de novo donor-specific antibodies, which may translate to improved outcomes [32]. The immunological benefits are potentially owing to HLA similarities due to blood-related donors [32]. The alloimmune response after transplant clearly plays an important role in the development of rejection and therefore significantly affects graft function both in the short and long term. Our primary analyses were limited to acute rejection events captured in the registry and all-cause long-term survival, and we were not able to assess HLA mismatch burden or clinician-diagnosed chronic rejection. An area for future study will be to test the effect of HLA mismatching in ABO-identical and compatible transplants on long-term survival in datasets that include detailed HLA typing endpoints.
We find that ABO compatible lung transplantation of both single and double lungs does not increase the risk of acute rejection. Given that single lung transplant recipients may begin at an immunological disadvantage, our findings may further support the usage of ABO compatible lung allocation as opposed to strictly ABO identical matching. Additional research is needed to examine the development of chronic rejection and its effect on long-term survival in the context of ABO compatible lung transplantation. Going one step further, ABO compatibility in lung transplantation remains in an evolutionary phase, as successful ABO-incompatible living-donor lobar lung transplantation has been reported [33].
While our findings indicate that ABO compatibility does not significantly influence acute rejection rates, it is associated with differences in survival outcomes among patients receiving a lung transplant for obstructive lung disease and for patients in the highest quartile of lung allocation scores. However, this effect was modest. This may be due to residual confounding in patients with obstructive disease and high LAS, or differential biological vulnerability to immune-mediated injury in high-risk phenotypes, such as due to passenger lymphocyte syndrome [34]. When considering factors for matching recipients and donors, results from this study underscore the importance of considering disease-specific and allocation score factors when evaluating the need for ABO identical matching. Based on our analysis, identical matching is not required for most lung transplant cases, which could shorten a patient’s waitlist time and increase the number of donor lungs available for transplantation [6].
The advent of ex vivo lung perfusion (EVLP) has shown tremendous promise in the field of lung transplantation, particularly in evaluating marginally acceptable organs for pre-treatment and improving organ quality [35]. An area of future direction related to the topic of this article is the possibility of converting a type A organ to type O, thereby creating a universal donor through enzymatic pre-treatment of donor lungs using EVLP [26, 35–37]. More research is needed with this novel technology, which could markedly increase ABO-compatible organs to broaden the donor pool.
These results should be evaluated in consideration of several limitations. At the same time, adjusted models accounted for several confounders, such as ABO status, recipient age, gender, medical condition, and disease classification, as an observational study can still introduce bias due to confounding. One limitation is that CLAD is a major determinant of late mortality after lung transplantation. However, CLAD is not available in a standardized form in the UNOS dataset we analyzed [38]. We therefore used acute rejection and 5-year survival as complementary endpoints. Another limitation is that our acute rejection endpoint is not time-to-event and may be affected by early death, because time-to-first acute rejection was not available in a consistent timestamped manner in our dataset. In addition, a further limitation of this study is its retrospective design, which spans from 2005 to 2023. Although the analysis spanning almost two decades may be considered a strength, variations in documentation and technology could inherently introduce several potential biases in the data set, such as evolving diagnostic and reporting standards, advancements in transplant care, and LAS implementation since its first implementation in May of 2005, in alignment with this study’s starting point. Since the conclusion of our study period, the LAS scoring system has been replaced by continuous allocation scoring; therefore, the findings may not be directly applicable to today’s lung transplant patients. Following the implementation of continuous distribution for lung allocation in the United States, we observed a significant increase in ABO-compatible transplants–doubling from 14% to 28% of annual lung transplants. The principle from our study would still be relevant, that while we believe there is a role for ABO compatible lung matching, the sickest patients may benefit from ABO identical organs.
These findings underscore the importance of considering both disease-specific factors and allocation scoring when assessing the potential benefits of ABO-matching. While identical matching may be modestly associated with a survival advantage in specific high-risk subgroups, our results support the broader use of ABO-compatible organs, which could reduce waitlist times and expand access to transplantation without increasing the risk of acute rejection while also selecting for the best candidates for compatible matching.
CONCLUSION
ABO compatible lung transplants can safely be performed as there is no significant difference in acute rejection, provides a larger pool of donors, and increases access to lung transplantation. Caution needs to be taken with specific subsets of recipients, such as those in the top LAS quartile, due to their higher 5-year survival with ABO identical matching.
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