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ABSTRACT 

BACKGROUND:  There is inadequate power to perform a valid clinical trial in pediatric heart transplantation 

(HT) using a conventional endpoint because the disease is rare and hard endpoints like death or graft loss 

infrequent.  We sought to develop and validate a surrogate endpoint involving the cumulative burden of 

post-transplant complications to predict death/graft loss in order to power a randomized clinical trial of 

maintenance immunosuppression in pediatric HT.       

METHODS: Pediatric Heart Transplant Study (PHTS) data were used to identify all children who underwent 

an isolated orthotopic heart transplant (HT) between 2005 and 2014 who survived to 6 months post-HT. 

Longitudinal mixed effects modeling was used to develop and evaluate a surrogate endpoint comprised of 

six major adverse transplant events (MATE) (ACR, AMR, Infection, CAV, PTLD and CKD) occurring between 6 

and 36 months where individual events were defined according to international guidelines. Two-thirds of 

the study cohort was used for score development; one-third to test the score.   

RESULTS: Among 2,118 children, 6.4% experienced graft loss between 6 and 36 months post-HT while 39% 

developed CKD, 34% ACR, 34% infection, 9% AMR, 4% CAV and 2% PTLD.  The best predictive score involved 

a simple MATE score sum yielding a concordance probability estimate (CPE)-statistic of 0.74. Whereas the 

power to detect non-inferiority (NI) assuming a NI hazard ratio of 1.45 in graft survival was 10% (assuming 

200 subjects and 6% graft loss rate), the power to detect NI assuming a 2-point non-inferiority margin was 

>85% using the MATE score.    

CONCLUSION:  The MATE score reflects the cumulative burden of major adverse transplant events and has 

acceptable prediction characteristics for death/graft loss post-heart transplant.  The MATE score may be 

useful as a surrogate endpoint to power a clinical trial in pediatric heart transplantation.        

Abstract: 289 words.    
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BACKGROUND 

At present there are no FDA approved immunosuppressants for pediatric heart transplant.  Nor has there 

ever been a successful randomized clinical trial in pediatric heart transplantation.  While many study design 

challenges exist, perhaps the single greatest challenge is the lack of statistical power stemming from the 

rareness of the disease (small sample size) and low event rate (e.g., death or graft loss).  For example, to 

detect an inordinately large two-fold difference in graft survival, which might not emerge for 5-10 years 

given the favorable transplant outcomes in the current era, one would need over 500 subjects to achieve 

adequate power.  To detect a more realistic treatment difference, such as a 10% improvement in graft loss 

over a 3-year study period, over 6,000 subjects would be required.   

 

One established strategy to decrease sample size is to increase the event rate by using a composite endpoint 

1, 2. In adult cardiovascular trials, MACE (major adverse cardiac events) is perhaps the most widely used 

composite endpoint, and includes mortality, non-fatal MI and non-fatal stroke.  A second strategy to 

decrease sample size is to use an ordinal rather than a binary endpoint3-5. The Modified Rankin Scale (MRS), 

a 6-point stroke severity scale, has been used successfully to reduce sample size in stroke trials3.  We 

hypothesized that by combining both of these strategies; we could develop a novel surrogate endpoint for a 

pediatric heart transplant trial comprised of major adverse transplant events (MATE) using a sample size 

that is sufficient yet feasible to conduct a randomized trial in pediatric HT medicine.  

 

Therefore, the specific aims of this study are (1) to develop and evaluate a surrogate endpoint comprised of 

major adverse transplant events (MATEs) that predicts graft loss 6; and (2) to estimate the sample size 
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necessary for a randomized clinical trial.  The broader purpose of this study is to find better ways to measure 

the safety and efficacy of competing immunosuppressant regimens to improve the overall safety and 

survival of children undergoing heart transplantation.   

METHODS 

Study Population and Data Source 

Pediatric Heart Transplant Study Group (PHTS) Registry: PHTS Registry data were used to identify all 

children <18 years of age who underwent primary orthotopic heart transplant between January 1, 2005 and 

December 31, 2014 and survived to 6 months post-HT.  Subjects undergoing heart re-transplant, multi-organ 

transplant and heterotopic HT were excluded.  The PHTS database is an event-driven pediatric heart 

transplant registry that collects information from 54 North American centers, 2 centers in England and one 

in Brazil (see SUPPLEMENTAL TABLE 1 in the Appendix for a complete list of participating centers).  The details 

of the registry have been reported previously7.  The PHTS registry was selected because it captures the vast 

majority of pediatric heart transplants in the US while also providing the most detailed information available 

regarding individual adverse events, severity level, and outcome. Each center maintains Institutional Review 

Board approval or obtains exemption according to institutional guidelines.  The data were obtained under a 

limited data use agreement data set provided to Stanford University for this analysis.   

 

Study Definitions and Endpoints 

The primary aim of this study was to develop and validate a surrogate endpoint comprised of major adverse 

transplant events occurring between 6 and 36 months post-transplant that can predict late graft loss after 

pediatric heart transplantation. The 30-month window from 6 to 36 months post-HT was chosen because it 

simulated the projected time frame of a randomized clinical trial being planned by the authors and FDA to 

evaluate the safety and efficacy of everolimus conversion at 6 months after pediatric heart transplant.  The 

baseline characteristics of the study cohort were defined at the time of transplant.  The level of 
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hemodynamic support was categorized into five mutually exclusive categories: extracorporeal membrane 

oxygenation (ECMO), ventilator, VAD, inotropes and oral therapy as reported previously.8  Cardiac diagnosis 

was categorized as congenital heart disease (CHD) or other.  Creatinine clearance (CrCl) was estimated using 

the Schwartz Formula.9 The primary endpoint of the study was death or graft loss leading to re-

transplantation.   

 

A priori MATE definitions and scoring 

SUPPLEMENTAL TABLE 2 summarizes the a priori definitions of MATE; their severity levels and scores (weights) 

based on clinical experience, which served as an initial framework for model development.  The six MATEs 

were defined according to published guidelines from the International Society of Heart and Lung 

Transplantation (ISHLT) 10-13, the National Kidney Foundation (NKF)14, 15, and the World Health Organization 

(WHO)16.  Levels of illness severity and/or disease progression were also defined using the same guidelines10, 

12-15 and assigned an initial weight of 0 for no adverse event, 1 for a mild event, 2 for a moderate event, 3 for 

a severe event and 4 for an event resulting in death or graft loss.  For infection and post-transplant 

lymphoproliferative disease (PTLD), we used risk factors for mortality identified in the ISHLT and WHO 

guidelines to generate low-, medium- and high-risk categories that were subsequently evaluated in the 

model development phase.  Patients treated for rejection without a biopsy were categorized as severe 

rejection if they had evidence of hemodynamic compromise treated with inotropes (a PHTS definition 

analyzed previously), moderate rejection if they had mild hemodynamic compromise; all other patients with 

treated rejection were categorized as mild rejection.17  Adverse event definitions were then mapped to PHTS 

data fields.  In most cases adverse event definitions could be mapped with reasonable precision because of 

the detailed information available in PHTS on adverse events.  In cases where several possibilities existed, 

we analyzed variables based on the closest clinical definition and then according to what optimized model 

performance as outlined below.   
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MATE score development and evaluation 

Two-thirds of study cohort was randomly assigned to the training set, with the remaining one-third assigned 

to the test set.  Summary statistics are presented as median (interquartile range [IQR]) or number (percent). 

A wide variety of MATE score strategies were considered covering a range of (1) coding strategies for 

adverse events, (2) weighting strategies to score the severity of adverse events assuming a 1-unit worsening 

did not carry the same risk across all adverse events or severity levels, and (3) imputation strategies where 

data were missing.  Because the data were longitudinal and event-driven, missing values for adverse events 

not reported when another event was reported (e.g. when clinical rejection was reported, a value of PTLD 

was not usually reported) were imputed using a multiple imputation method18.   

 

Statistical Analysis 

A longitudinal mixed effects model was used to predict the risk of graft loss based on the cumulative burden 

of adverse events between 6 and 36 months post-HT as determined by the MATE score using a forward 

stepwise selection technique.  Model performance was evaluated based on the CPE-statistic, or 

concordance probability estimate-statistic, a C-statistic suitable for analyzing longitudinal data19. The fully 

conditional specification was used for multiple imputation of missing values assuming a non-decreasing 

adverse event severity function.18, 20, 21  

 

RESULTS 

Patient Cohort 

Of 2,671 patients who underwent HT during the study period, 2,118 met the study inclusion criteria, (494 

died or experienced graft loss in the first 6 months following HT, 48 were excluded for multi-organ 

transplant and 11 were excluded for heterotopic transplants.  Of these, 1412 subjects (two-thirds) were 



 7 

randomly assigned to the training cohort and 706 to the test cohort. Overall, there were no significant 

differences in the baseline characteristics of the two cohorts, which are summarized in TABLE 1.    

 

Overall graft survival and association with adverse events 

Overall, the median follow-up time after HT was 3.7 years (range 0.5 to 10 years post-transplant), during 

which 230 patients experienced a graft loss event (11%).  FIGURE 1 depicts the Kaplan-Meier graft survival by 

individual adverse event using the highest illness severity value observed in the 6-36 month post-HT 

window.  Overall, the association between the highest illness severity and graft loss was reasonably strong 

for cardiac allograft vasculopathy (CAV), acute cellular rejection (ACR), antibody mediated rejection (AMR), 

PTLD and infection but weaker for chronic kidney disease (CKD).  When the window of time was restricted to 

the 30-month window between 6 and 36 months, 6.4% of subjects had a graft loss event.   

 

Final MATE Score 

The best fitting or final MATE score is summarized in TABLE 2 after considering a wide range of possible 

variable coding, weighting and imputation strategies (SUPPLEMENTAL TABLE 3).  Overall, in the test cohort, the 

concordance probability estimate (CPE) statistic for the final MATE score was 0.74 (FIGURE 2) and 

corresponded to the simple MATE sum of scores accumulated between 6 and 36 months with a modest 

modification to the a priori CKD categories.  Whereas in the a priori model we divided CKD risk categories 

based on CKD stage (SUPPLEMENTAL TABLE 2), we found the best fitting model assigned CKD stage 1 and 2 to 

the lowest risk group, stage 3A to the mild risk group, 3B to moderate risk, and stages 4 and 5 to the highest 

risk group.  Lastly, to preclude multiple non-fatal low-risk adverse events summing to a total MATE score 

greater than death or graft loss (score of 4 in the a priori model), we assigned a maximum score of 24 to 

death or graft loss – equivalent to a score of 4 (graft failure) for all 6 major adverse transplant events.  Figure 

2 depicts the relative contributions of each adverse event to the CPE statistic, illustrating how even low 
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frequency events such as PTLD may still make an important contribution to the ability of the model to 

predict death/graft loss.  

 

FIGURE 3 summarizes the observed distribution of imputed MATE scores using linear regression exclusive of 

graft loss between 6 and 36 months post-HT.  The imputed scores (totaling 19,360 observations in 706 

patients) appears normally distributed with a mean of 10 and standard deviation of 4 units. Using the 

adverse event classifications in the final MATE model, the frequency of adverse events between 6 and 36 

months included CAV in 4% of visits, PTLD in 5%, CKD 9%, ACR 36%, AMR 4%, and infection 45%.  The 

association between naïve MATE score categories and long-term graft survival is depicted in FIGURE 4A.    The 

association between naïve MATE scores categories for 3 adverse events (CKD, CAV, and ACR) of special 

interest to the FDA for a trial involving a proliferation signal inhibitor is depicted in FIGURE 4B.   

 

TABLE 3 illustrates the clinical application of the MATE score in a hypothetical patient using the non-

decreasing criterion described above. At 6 months post-HT, a 10 year-old girl is free of adverse events.  At 7 

months post-HT she develops 2R ACR for which she is assigned a score of “2” for ACR, and “0” for the 

remaining adverse events because none is reported. At 14 months post-HT, she developed CMV disease 

treated with ganciclovir, for which she is assigned an infection score of “3”, retained a score of “2” for ACR 

and assigned “0” for the remaining advents.  On her annual evaluation at 24 months post-HT, she was found 

to have moderate CAV and a GFR of 58 ml/min/1.73m2 (down from 68 ml/min/m2), for which she is assigned 

a “2” for CAV and a “1” for CKD.  At 30 months post HT, her CAV is found to be severe for which she is 

assigned a “3” for CAV and is listed for HT.  At 34 months post-HT receives a new heart (graft loss) for which 

she is assigned a score of “24”, corresponding to a “4” across all six MATE categories.  This example 

illustrates how recurring events and events of worsening severity are factored into the overall MATE score.  

Although we considered the effect of multiple adverse events (e.g. rejection) in the model development 
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phase, the model performed best when the highest severity level alone was included in the model.  

 

Sample Size Considerations 

To illustrate the utility of the MATE score to reduce sample size, we estimated the sample sizes necessary 

for a randomized clinical trial of two immunosuppressant regimens between 6 and 36 months post-HT.  

Assuming an accrual period of 24 months, a minimum follow-up time of 30 months, a normal distribution of 

MATE scores with standard deviation of 4 units (FIGURE 3) and a within-subject correlation ranging from 0.2 

to 0.5, a cohort of 200 subjects (100 in each arm) would have >80% power to detect non-inferiority 

assuming a non-inferiority margin of 2-MATE units using a one-sided two-sample t-test at the 0.025 level of 

significance. With this sample size of 200 subjects, there is only 12% power to detect a relatively large 45% 

difference in graft survival assuming a baseline graft loss rate of 6% between 6 and 36 months.   

 

DISCUSSION 

In this study, we developed and evaluated a MATE risk-prediction score that predicts death or graft loss in 

pediatric heart transplant patients.  The risk-prediction score is comprised of 6 MATEs: CKD, CAV, ACR, AMR, 

infection and PTLD and reflects the cumulative burden of major adverse transplant events.  The MATE score 

performs well in predicting graft loss in children followed from 6 months to 36 months post-HT and 

therefore may be useful as a surrogate endpoint for clinical trials in pediatric heart transplantation.    

  

Our findings are consistent with previous studies that have shown CAV22, 23, rejection24, 25, PTLD26, 27 and 

infection28, 29 to be associated with graft loss and death.  To date, however, no studies have incorporated 

these traditional transplant complications into a risk-prediction tool that has been evaluated in its ability to 

predict graft loss.  Previous heart transplant risk prediction studies have been validated; however, they have 

been limited to covariates present at the time of heart transplantation8, 30, 31.  Thus these models have 
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excluded transplant complications such as rejection and infection that occur after transplant and may be 

time-varying.  To our knowledge, this is the first report to develop and evaluate a risk-prediction model 

involving multiple time-varying adverse events post-HT and demonstrate that the model can predict graft 

loss based on the cumulative progression of events through 36 months post-HT with strong concordance.     

 

We chose a 30-month time window for the MATE analysis beginning at 6 months post-HT to simulate the 

projected timeframe of a randomized clinical trial involving conversion of maintenance immunosuppression 

at 6 months.  Because the density of adverse events after 6 months post-HT is considerably lower than the 

first 6 months, we felt that a timeframe shorter than 30 months may be insufficient time for a critical 

number of adverse events to occur.  On the other hand, a longer follow-up timeframe would be less feasible 

to conduct because of increases in trial costs and greater patient attrition.    

 

We were somewhat surprised to discover that a naïve MATE sum performed better than a variety of more 

complex weighting strategies.  We did not want to make the assumption that the risk attributable to a one-

unit increase was uniform within or across major adverse events.  Ultimately, however, it turned out that 

the simplest weight strategy (e.g. 0,1,2,3 corresponding to none, mild, moderate, and severe, respectively) 

performed the best.  We also found it interesting that no one adverse event made an outsized 

contribution—as reflected in the CPE statistic corresponding to each MATE—suggesting that including each 

of the major adverse events or their synergy was important to the performance of the overall score in 

predicting graft failure.   

 

This study has several important implications.  First, the MATE score may be a useful surrogate endpoint for 

designing an immunosuppression clinical trial in pediatric cardiac transplantation.  In contrast to the fields of 

adult heart transplant32, pediatric kidney33, 34 and liver35 transplantation, there has yet to be a randomized 
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trial of immunosuppression therapy in pediatric heart transplant patients.  Most believe the greatest 

challenge to designing a clinical trial is the lack of statistical power stemming from the rareness of the 

disease and the low endpoint frequency (e.g. death and/or graft loss).  This fundamental problem (type II 

statistical error) has beleaguered a number of well-organized but negative pediatric cardiovascular trials36-38 

where, in retrospect, the trial’s primary endpoint has drawn scrutiny39-41.  The MATE score seeks to fill this 

gap by creating a variable that has leverage to power a trial but also is associated with outcome.  The 

association between adverse events and graft survival appears to hold true for the overall MATE score 

comprised of all 6 adverse events as well as subset of 3 adverse events of interest to the FDA (CKD, CAV and 

ACR) in evaluating the risk-benefit profile of a proliferation signal inhibitor for pediatric heart 

transplantation.   

 

The use of surrogate endpoints to design clinical trials has gained widespread support in recent years from 

academics, industry and the US Food and Drug Administration41-43.  In recent years, the FDA has hosted a 

series of workshops on developing valid surrogate endpoints for clinical trials in solid-organ 

transplantation42, 44, 45.  Workshops have emphasized that not all surrogate endpoints are equally valid.  To 

serve as a valid surrogate endpoint for a regulatory trial, the FDA requires the surrogate endpoint satisfy the 

Prentice Criteria6, 42, 44, 46.  These include: (1) that the surrogate endpoint is correlated with a clinical 

outcome, (2) the surrogate endpoint captures the net effect of treatment on the clinical outcome, (3) the 

pattern characterizing the effects of the surrogate endpoint on the clinical outcome must be determined, 

and (4) the degree of deviation in that pattern is known.  Here, we found (1) the MATE score is correlated 

with graft loss, (2) the MATE score captures a broad range of ways in which immunosuppressant may be 

linked to graft loss (rejection, infection, CKD, CAV, AMR and PTLD, (3) the pattern characterizing the effect of 

the MATE score on graft loss is known (FIGURES 2 and 3), and (4) the degree in deviation of the pattern is 

known (FIGURES 3 and 4).  These characteristics suggest the MATE score may satisfy the Prentice Criteria.  
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Prospective data collection in the form of a clinical trial would provide the best opportunity to confirm that 

the MATE score satisfies the Prentice Criteria.    

 

This study has several limitations.  First, we identified patients retrospectively through a national registry of 

transplant recipients, which creates the opportunity for selection bias.  However, PHTS currently captures 

nearly 80% of transplant centers in the US, and the characteristics of patients reported to PHTS and not 

reported to PHTS appear relatively similar based on internal comparisons with UNOS data, suggesting that 

selection bias did not play a significant role in the study’s findings.  Second, PHTS data fields could not be 

mapped exactly to consensus definitions of adverse events in all cases, creating the potential for 

misclassification bias.  However, in the large majority of cases, the definitions could be mapped precisely to 

PHTS data fields because of the PHTS’s level of coding detail.  Where there was uncertainty, we created 

several coding options that were tested in the score development stage, and performed well in the testing 

cohort regardless of the coding strategy used suggesting the overall effect on the scoring system was small. 

Misclassification bias of CKD stage could be caused by choice of formula to estimate the GFR. We sought to 

minimize this effect by using the most updated version, the modified Schwartz formula, which is also the 

preferred formula for children with existing renal dysfunction.  Lastly, because PHTS is an event-driven 

database, missing data could threaten the validity of the findings. To address this, we evaluated a wide 

variety of imputation techniques in the training cohort as well as the sensitivity of the findings to the 

imputation technique and found that the results were robust.  While this limitation remains relevant to a 

retrospective analysis of historical registry data, it is worth noting it would be less relevant in a prospective 

clinical trial where data on all adverse events can be incorporated into the data collection to minimize 

missing data.        
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CONCLUSION 

In summary, we have developed and evaluated a surrogate endpoint for graft loss in pediatric heart 

transplant recipients that is comprised of 6 major adverse transplant events (MATEs).  The surrogate 

endpoint, known as the MATE score, predicts graft loss well (C-statistic 0.74) and may be useful as a primary 

endpoint for FDA clinical trials in pediatric heart transplantation given it appears to satisfy the Prentice 

Criteria for surrogate endpoints.  This is important because the lack of a surrogate endpoint has been one of 

the greatest challenges to designing clinical trials which evaluate promising new therapies in pediatric heart 

transplantation, and perhaps throughout solid organ transplantation.  While survival after pediatric heart 

transplant has improved considerably in the current era, many children still fail to survive into adulthood 

because of a predictable set of transplant complications. Novel clinical trial designs and endpoints affords 

the pediatric community the best prospect for evaluating promising medical therapies involving rare 

diseases.     
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 Figure Legends 
 
FIGURE 1.  
Kaplan-Meier freedom from death or graft loss by major adverse transplant event. Categories for individual 
event types are defined in TABLE 2.   A.  Chronic kidney disease (CKD) Major Adverse Transplant Event, by 
CKD Stage (P=0.04). B. Coronary artery vasculopathy Major Adverse Transplant Event, by ISHLT severity 
grade (P<0.01).  C. Acute cellular rejection Major Adverse Transplant Event, by ISHLT severity grade (P<0.01).  
D. Antibody-mediated rejection Major Adverse Transplant Event, by ISHLT severity grade (P<0.01).  E.   
Infection Major Adverse Transplant Event (P=0.01). F. Post-transplant lymphoproliferative disorder Major 
Adverse Transplant Event (P<0.01).     
 
FIGURE 2.  
CPE statistics for the best-fitting model. 
 
FIGURE 3.   
Observed distribution of naïve sum of imputed MATE scores using linear regression in the test cohort.   
 
FIGURE 4.  
A. Association between naïve MATE score categories and graft survival between 6 and 36 months post-heart 
transplant for all major adverse transplant events. B. Association between naïve MATE score categories and 
graft survival between 6 and 36 months post-heart transplant for three adverse events: renal dysfunction, 
coronary artery vasculopathy and cellular rejection. 
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                TABLE 1. Baseline characteristics of study cohort conditional upon survival to 6 months post HT.      

Characteristic 
All patients 
(N=2,118) 

Model Development 
Cohort 

(N=1,412) 

Model Validation  
Cohort 

(N=706) 

Age at transplant (y) 4.1 (0.7, 2.7) 4.1 (0.7, 12.9) 4.1 (0.7, 12.4) 

 <1 y 660 (31%) 446 (32%) 214 (30%) 

 1-5 y 451 (21%) 290 (21%) 161 (23%) 

 6-12 y 416 (20%) 279 (20%) 137 (19%) 

    >12 y 591 (28%) 397 (28%) 194 (27%) 

Female 987 (47%) 649 (46%) 338 (48%) 

Weight  at transplant (kg) 15.0 (6.9, 41.4) 15.0 (6.9, 41.0) 15.0 (7.0, 42.2) 

     <10 kg 784 (37%) 530 (38%) 254 (36%) 

     10-25 kg 550 (26%) 357 (25%) 193 (27%) 

     26-50 kg 419 (20%) 278 (20%) 141 (20%) 

     >50 kg 365 (17%) 247 (17%) 118 (17%) 

Status 1 at transplant 1963 (94%) 1299 (93%) 664 (95%) 

Blood type O 959 (45%) 628 (45%) 331 (47%) 

African American 454 (21%) 311 (22%) 143 (20%) 

Congenital Heart Disease 925 (44%) 618 (44%) 307 (43%) 

Support at transplant1 

    Medical 1349 (64%) 895 (63%) 454 (64%) 

    VAD 375 (18%) 246 (17%) 129 (19%) 

    Ventilator 376 (18%) 255 (18%) 121 (17%) 

    ECMO 63 (3%) 38 (3%) 25 (4%) 

Total bilirubin (mg/dL) 0.7 (0.4, 1.4) 0.70 (0.4, 1.4) 0.70 (0.4, 1.4) 

Serum creatinine (mg/dL) 0.4 (0.3, 0.7) 0.5 (0.3, 0.7) 0.4 (0.3, 0.6) 

GFR (ml/min/1.73m2)2 90.6 (68.8, 117.2) 90.0 (67.7, 115.6) 92.2 (71.6, 119.8) 

Chronic Kidney Disease 
Stage 3-5 

24 (1%) 18 (1%) 6 (1%) 

Dialysis 24 (2%) 18 (2%) 6 (2%) 

Location at transplant 

 Not hospitalized 505 (24%) 332 (24%) 173 (25%) 

    ICU 972 (46%) 636 (45%) 336 (48%) 

Maximum PRA 
     PRA ≥10% 
     PRA ≥25% 

 
434 (23%) 
291 (16%)      

 
291 (24%) 
192 (16%) 

 
143 (23%) 
99 (16%) 

Ischemic time (hours) 3.6 (3.0, 4.3) 3.6 (3.0, 4.3) 3.6 (2.9, 4.2) 

Public health insurance 1114 (53%) 734 (52%) 380 (54%) 

Listing year    

 2005-2007 478 (23%) 313 (23%) 165 (24%) 

 2008-2010 691 (33%) 460 (33%) 231 (33%) 

 2011-2014 905 (44%) 609 (44%) 296 (43%) 

Primary immunosuppression at hospital discharge3 

     Tacrolimus/MMF 389 (18%) 246 (17%) 143 (20%) 
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     TAC/MMF/steroids 1135 (54%) 759 (54%) 376 (53%) 

      Sirolimus 100 (5%) 68 (5%) 32 (5%) 

Positive crossmatch (any) 201 (10%) 144 (10%) 57 (8%) 

Data are presented as number (percent) or median (interquartile range). VAD, ventricular assist device; 
ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; PRA, panel reactive antibody; GFR, 
glomerular filtration rate; TAC, tacrolimus; MMF, mycophenolate mofitil; CDC, cytotoxic-dependent 
crossmatch,  
1Mutually exclusive, hierarchical categories, where each patient is assigned to one category based on their 
highest level of support (ECMO>Ventilator>VAD>inotropes>medical).   
2GFR is estimate using the modified Schwartz formula (GFR in ml/min/1.73m2 = (ht in cm) x (0.413)/serum 
creatinine in mg/dl, at transplant).   
3Immunosuppression regimen at the time of hospital discharge from the hospitalization where heart 
transplantation was performed.   
There were no significant differences in the baseline characteristics between the two cohorts.   
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TABLE 2. Final Major Adverse Transplant Events Score 

 0 
(No 

Disease) 

1 
(Mild Disease) 

2 
(Moderate 

Disease) 

3 
(Severe or High-Risk 

Disease) 

24 
PATIENT 
DEATH 

GRAFT LOSS 

Chronic Kidney 
Disease 
(CKD)

14, 15
 

 

Stage 1-2 
>60 

ml/min/1.73 
m

2
 

Stage 3A 
45-59 

ml/min/1.73 
m

2
 

Stage 3B 
B: 30-44 

ml/min/1.73 m
2 

 

Stage 4-5 
<30 ml/min/1.73 

m
2
, dialysis or renal 

transplant 

Death/ Graft 
Loss 

Coronary Allograft 
Vasculopathy 
(CAV)

12
 

ISHLT 
CAV0/None 

ISHLT CAV1 ISHLT CAV2 

 
ISHLT CAV3 

 
Death/ Graft 

Loss 
 

Acute Cellular 
Rejection (ACR)

13
 

 
 

Grade 
0/None 

ISHLT Grade 
1R 

 

ISHLT Grade 2R ISHLT Grade 3R Death/ Graft 
Loss 

 

Antibody-mediated 
Rejection (AMR)

10
 

pAMR 
grade 

0/None 

ISHLT pAMR1 ISHLT pAMR2 ISHLT pAMR3 Death/ Graft 
Loss 

Infection
11

 
 
 
 
 
 

None Low-risk 
All recorded 

infections 
treated with 

PO or IM 
antibiotics and 

not meeting 
“moderate-

risk” or “high-
risk” criteria 

 

Moderate-Risk 
All infections 

treated with a 
full course of IV 
antibiotics but 
not meeting 
“high-risk” 

criteria 

High-Risk 
Life-threatening 
infection treated 

with IV anti-
microbials with 

evidence of one of 
the following: (1) 
fungal disease, (2) 
bacterial infection 
with enterococcus, 

pseudomonas or 
staph aureaus, or 
(3) CMV or EBV 

infection, (4) blood 
stream infection or 
endocarditis, or (5) 

hemodynamic 
compromise 

requiring ECMO 
support. 

Death/ Graft 
Loss 

 

Post-transplant 
Lymphoproliferative 
Disease (PTLD)

16
 

None Low-risk 
Polymorphic 
PLTD without 
“high-risk” or 
intermediate 
risk features 

present 

Moderate risk 
Non-polymorphic 

PTLD without 
“high-risk” 

features present 

High-risk 
CNS involvement  

Bone Marrow 
Involvement  

Or ≥3 sites involved 
regardless of cell 

type 

Death/ Graft 
Loss 
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TABLE 3. Illustration of the MATE score in a hypothetical child who develops acute rejection and CMV 
infection complicated by coronary artery disease and ultimately graft loss.   This illustration 
demonstrates a non-decreasing MATE score value where the risk of earlier adverse events is carried 
forward contributing to the overall risk.       

Subjec
t ID 

Time 
Since 

Transpla
nt 

Chroni
c 

Kidney 
Diseas

e 

Coronary 
Artery 

Vasculopat
hy  

Acute 
Cellular 
Rejectio

n 

Antibod
y-

Mediate
d 

Rejectio
n 

Infectio
n 

PTL
D 

Graf
t 

Loss
* 

MATE  
Sum with 

Single 
Imputatio

n 

1 7 mos. 0 0 2 0 0 0 0 2 

1 14 mos. 0 0 2 0 3 0 0 5 

1 24 mos. 1 2 2 0 3 0 0 8 

1 30 mos. 1 3 2 0 3 0 0 9 

1 34 mos. 4 4 4 4 4 4 1 24 

Abbreviations:  ID, Identification; Mos., Months; PTLD, post-transplant lymphoproliferative disease. 
*To avoid the scenario where multiple minor adverse events could sum to a score in a living patient that is 

higher than death/graft failure (4), by convention patients with graft loss are assigned a score of 24, 
equivalent to a graft loss score of 4 across all 6 domains (4 x 6 = 24).    
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FIGURE 1. Kaplan-Meier freedom from graft loss by major adverse transplant event.  
 
A.  Chronic kidney disease (CKD) Major Adverse Transplant Event, by CKD Stage (P=0.04).  

 

 
 Mild, moderate and severe CKD are defined in TABLE 2.   
 
 
 
B. Coronary artery vasculopathy Major Adverse Transplant Event, by ISHLT severity grade (P<0.01).   

 
 Mild, moderate and severe CAV are defined in TABLE 2.   
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C. Acute cellular rejection Major Adverse Transplant Event, by ISHLT severity grade (P<0.01).     

 
Mild, moderate and severe ACR are defined in TABLE 2.   
 
 
 
 
D. Antibody-mediated rejection Major Adverse Transplant Event, by ISHLT severity grade (P<0.01).     

 
Mild, moderate and severe AMR are defined in TABLE 2.    
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E.   Infection Major Adverse Transplant Event (P=0.01).  

 
Mild, moderate and severe Infection are defined in TABLE 2.   
 
 
 
 
F. Post-transplant lymphoproliferative disorder Major Adverse Transplant Event (P<0.01).   

 
Mild, moderate and severe PTLD are defined in TABLE 2.    
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FIGURE 2. CPE statistics 
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FIGURE 3.  Observed distribution of imputed MATE scores using linear regression in the test cohort.   
 

 
The mean naïve MATE score was 10 with a standard deviation of 4 units.   
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FIGURE 4A.  Association between naïve MATE score categories and graft survival between 6 and 36 
months post-heart transplant for all major adverse transplant events. 

 
FIGURE 4B.  Association between naïve MATE score categories and graft survival between 6 and 36 
months post-heart transplant for three adverse events: renal dysfunction, coronary artery vasculopathy 
and cellular rejection. 
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