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Abstract

The implementation of surveillance biopsies in pediatric kidney transplantation remains 

controversial. Surveillance biopsies detect subclinical injury prior to clinical dysfunction, which 

could allow for early interventions that prolong allograft survival. We conducted a single-center 

retrospective cohort study of 120 consecutive pediatric kidney recipients, of whom 103 had 

surveillance biopsies ≤6 months posttransplant. We tested the hypothesis that subclinical 

inflammation (borderline or T cell–mediated rejection without clinical dysfunction) is associated 

with a 5-year composite endpoint of acute rejection and allograft failure. Overall, 36% of subjects 

had subclinical inflammation, which was associated with increased hazard for the composite 

endpoint (adjusted hazard ratio 2.89 [1.27, 6.57]; P < .01). Subjects with treated vs untreated 

subclinical borderline rejection had a lower incidence of the composite endpoint (41% vs 67%; P 
< .001). Subclinical vascular injury (subclinical inflammation with Banff arteritis score > 0) had a 

78% incidence of the composite endpoint vs 11% in subjects with no major surveillance 

abnormalities (P < .001). In summary, we showed that subclinical inflammation phenotypes were 

prevalent in pediatric kidney recipients without clinical dysfunction and were associated with 

increased acute rejection and allograft failure. Once prospectively validated, our data would 

support implementation of surveillance biopsies as standard of care in pediatric kidney 

transplantation.
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1 | INTRODUCTION

Kidney transplantation remains the optimal treatment for end-stage renal disease (ESRD). 

However, improvements in short-term acute rejection rates and 1-year allograft survival have 

not led to improved long-term allograft survival.1,2 Specific causes of late allograft failure 

include antibody-mediated injury, glomerular diseases, and late acute rejection.3 These are 

diagnosed by kidney biopsy, usually after substantial allograft damage produces a decline in 

estimated glomerular filtration rate (eGFR). Unfortunately, by the time of apparent clinical 

dysfunction, inflammation and fibrosis are present, which are often resistant to treatment and 

associated with allograft failure.3–5 Detection of subclinical allograft injury prior to clinical 

dysfunction could allow for early interventions that prevent or interrupt processes leading to 

allograft failure, thereby improving life expectancy in people with ESRD. This is 

particularly relevant for pediatric kidney recipients, in whom creatinine-based eGFR is more 

imprecise than in adult recipients because of a greater mismatch between patient size and 

nephron mass.6 Therefore, pediatric recipients can incur substantially more acute and 

chronic allograft injury before overt clinical dysfunction occurs.

Surveillance biopsies can detect subclinical allograft injury at prespecified time points when 

allograft function is stable and histology findings are potentially treatable.7,8 These findings 

include subclinical borderline T cell–mediated rejection (B-TCMR), subclinical acute T 

cell–mediated rejection (SC-TCMR), or subclinical antibody-mediated rejection (SC-

ABMR). However, despite their utility in detecting early subclinical injury, surveillance 

biopsies are not part of routine care in most transplant centers. Mehta et al recently 

illustrated that 17%−21% of US transplant centers performed surveillance biopsies in the 

first year posttransplant, and that many did not practice universal surveillance of all 

recipients.9 Previous reports have shown that surveillance biopsies detect SC-TCMR in 

2.6%−61% and B-TCMR in 7%−50% of pediatric and adult kidney recipients.8,10–13 In 

recent surveillance studies in which more potent maintenance immunosuppression was used 

(eg, tacrolimus and mycophenolate mofetil with depletional induction), the incidence of SC-

TCMR declined to 2.6%−25% in the first posttransplant year.14–17 Similar declines in SC-

TCMR rates have not been shown in pediatric kidney transplantation,7,11 which may be 

attributed to more robust alloimmune responses, medication nonadherence, and lower 

sensitivity of creatinine-based eGFR to detect clinical dysfunction.6,18 The impact of 

detecting and treating subclinical allograft injury is still under debate, with some studies 

showing improved long-term outcomes and others showed no therapeutic benefit in children 

or adults.11,13,15,17,19

For the past decade our center has performed universal surveillance biopsies at 3 and/or 6 

months posttransplant in order to detect subclinical allograft injury or other relevant 

pathology. We have gathered a racially diverse retrospective pediatric kidney transplant 
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cohort treated with the same modern immunosuppression protocol. The purpose of this study 

was to test the hypothesis that early subclinical inflammation, defined as B-TCMR or SC-

TCMR without clinical dysfunction, is associated with increased late acute rejection and 

allograft loss after pediatric kidney transplantation.

2 | MATERIALS AND METHODS

2.1 | Study design

We performed a retrospective cohort study of 120 consecutive pediatric kidney transplant 

recipients at our center from July 1, 2008 to December 31, 2014. Subjects were included if 

they were 1–21 years at the time of transplant and had a surveillance biopsy performed at 3 

and/or 6 months posttransplant. Subjects were excluded if we found no record of a 

surveillance biopsy within 6 months posttransplant, or if records showed that only indication 

biopsies were performed to investigate allograft dysfunction within the first 6 months. 

Subjects were also excluded if they had clinical acute rejection prior to the surveillance 

period. The institutional review board (IRB) at the University of Alabama approved this 

study (IRB-150825006), and all study procedures adhered to the guidelines set forth in the 

Declaration of Helsinki.

2.2 | Immunosuppression and surveillance

All subjects were treated with a similar triple immunosuppressive protocol and received 

nondepletional induction with basiliximab on day 0 and day 4 posttransplant, with 

maintenance immunosuppression consisting of tacrolimus, mycophenolate mofetil (MMF), 

and corticosteroids. All subjects were confirmed to have a negative virtual and flow 

crossmatch against a potential donor before proceeding with the transplant. We adjusted 

tacrolimus dosing to achieve the following target trough levels: 10–12 ng/mL through week 

4, followed by 8–10 ng/mL through week 12, and then 5–8 ng/ mL thereafter; all subjects 

remained on calcineurin inhibitor–based immunosuppression. The dose of MMF was 600 

mg/m2 every 12 hours for the first 48 hours and then adjusted to 450 mg/m2 every 12 hours 

thereafter. Corticosteroids were initially given as intravenous pulse methylprednisolone 

followed by an oral taper to achieve a maintenance dose of 0.1 mg/kg/day by 12 weeks 

posttransplant. Maintenance immunosuppression dosing was adjusted for leukopenia, 

gastroenteritis, or viral reactivation. Allograft function was assessed serially using the 

bedside Chronic kidney disease (CKD)-Schwartz equation (subjects aged <18 years) or the 

Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) calculation (subjects aged 

≥18 years), choosing the appropriate equation for age at the time of each assessment.6,20,21 

Of note, we used the CKD-Schwartz calculation for 1-year eGFR and the CKD-EPI 

calculation for 5-year (or last follow-up) eGFR in 6/103 (6%) subjects.

Surveillance biopsies were planned at 3 and 6 months posttransplant in each subject, with 

procedural sedation and ultrasound guidance of a disposable 16-gauge biopsy device. In 

some subjects either the 3-or 6-month surveillance biopsy was not done because an 

indication biopsy for allograft dysfunction was performed instead, or because of 

transportation or other logistical issues. Biopsies were identified as surveillance if they were 

explicitly recorded as such in the medical record, or occurred within 4 weeks of the intended 
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surveillance time points and were performed when eGFR was within 25% of recent baseline 

values. Surveillance biopsies were scored by 3 renal pathologists (D.R.K., E.C.M., and F.R.) 

according to Banff 2007 and 2013 criteria, as relevant to the timing of each biopsy.22,23 

D.R.K. and E.C.M. had access to clinical information about each biopsy, whereas F.R. was 

blinded to clinical data. C4d staining of peritubular capillaries was assessed using both 

immunohistochemistry and immunofluorescence techniques as part of routine clinical care.

HLA laboratory monitoring was performed at the discretion of the treating physician, as 

there was no established protocol for donor-specific antibody (DSA) surveillance during the 

study period. DSA testing was routinely performed at the time of indication biopsies for 

allograft dysfunction but rarely at the time of surveillance biopsies. DSA were assessed 

using Luminex single-antigen bead assays for class I (A, B, and C loci) and II (DR and DQ 

loci) HLA antigens (One Lambda, Canoga Park, CA). DSAs against class II DP loci were 

not routinely performed during the study period. Our HLA laboratory uses a mean 

fluorescence intensity (MFI) cutoff of >1500 MFI for a positive DSA, but reports “weak” or 

“probable” DSA between 500 and 1500 MFI. In this study, we considered a positive DSA as 

>1500 MFI. These cutoffs were developed internally by our HLA laboratory director 

(V.H.D.) and validated longitudinally against flow-cytometry crossmatch testing, consistent 

with recent consensus guidelines.24,25

2.3 | Exposures and outcomes

The primary exposure was subclinical inflammation on either a 3-or 6-month surveillance 

biopsy, defined as B-TCMR or SC-TCMR using Banff criteria and modeled as a categorical 

variable. We did not include SC-ABMR, since DSAs were not routinely assessed at the time 

of surveillance biopsies. Biopsies without subclinical inflammation and no other major 

surveillance abnormalities were classified as no major surveillance abnormalities 

(NOMOA).4 Secondary exposures modeled as continuous variables included age at 

transplant, cold ischemia time, transplant vintage, tacrolimus trough levels, and the number 

of antigen mismatches at HLA-A, -B, -C, -DR, and -DQ loci. Secondary exposures modeled 

as categorical variables included sex, donor type (deceased or living donor), race (black or 

non-black), repeat transplantation, de novo class I and II DSA during year-1 posttransplant 

(present or absent), C4d staining in peritubular capillaries (present or absent), medication 

nonadherence in the first 6 months posttransplant (defined as nonadherence listed in the 

medical record or 2 undetectable tacrolimus trough levels), and treated (increased 

immunosuppression) vs untreated (observed without change in immunosuppression) B-

TCMR and SC-TCMR. Specifically, immunosuppression was augmented at the discretion of 

the treating physician, including increased maintenance immunosuppression, pulse 

intravenous corticosteroids, or occasionally antithymocyte globulin. In addition to the 

overall Banff classification we included individual Banff severity scores (t, i, ti, v, g, ptc, ct, 

ci, cg, cv; each score ranging 0–3) as secondary exposures modeled as continuous variables, 

using the highest score from any surveillance biopsy in each subject for analysis.

The primary endpoint was prespecified a priori as a composite outcome of clinical acute 

rejection (TCMR, ABMR, or mixed rejection) and death-censored allograft loss within 5 

years posttransplant. Clinical acute rejection was defined using Banff consensus criteria in 
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indication biopsies performed for allograft dysfunction, and was considered as an endpoint 

after the latest surveillance biopsy in each subject, so that a temporal relationship between 

surveillance findings and subsequent rejection could be ascertained. Early acute rejection 

was defined as occurring after the surveillance period but less than 1 year posttransplant, 

whereas late acute rejection was defined as occurring between 1 and 5 years posttransplant. 

Secondary endpoints were prespecified a priori as each component of the primary composite 

endpoint (presented without correction for multiplicity testing), death with a functioning 

allograft, eGFR at 1 year posttransplant, eGFR at last follow-up, and annualized change in 

eGFR. For subjects with death-censored allograft loss, the last follow-up eGFR was defined 

as 10 mL/min/1.73 m2 for statistical analysis. We also examined subclinical inflammation as 

a secondary endpoint in order to study demographic and clinical determinants of B-TCMR 

and SC-TCMR.

2.4 | Statistical analysis

Continuous variables were assessed for normality using the Kolmogorov-Smirnov test, and 

comparisons between groups were made using Student’s t-test, Mann-Whitney U-test, or 

one-way analysis of variance (ANOVA) as appropriate for the normality of the data 

distribution and the number of comparator groups. Categorical variables were compared 

using a chi-square test or Fisher’s exact test as appropriate for the number of subjects. 

Survival distributions for the primary composite endpoint and each component were 

compared between groups using Kaplan-Meier methods and the log-rank test. The primary 

composite endpoint was also modeled using Cox proportional hazards regression. Any 

covariates that were associated with the outcome of interest by univariable analysis at P < .

10 were entered into a multivariable Cox model. Visual inspection of log-log plots was used 

to confirm the proportionality of hazards assumption. All statistical tests were two-tailed 

with statistical significance defined as P < .05. All analyses were performed using SPSS 

Statistics version 23 (IBM, Armonk, NY, USA).

3 | RESULTS

3.1 | Characterization of the cohort

Of the 120 consecutive transplants performed during the study period, 103 had at least one 

surveillance biopsy at 3 and/or 6 months posttransplant. Of these, 49 (48%) had biopsies at 

both 3 and 6 months posttransplant. Surveillance biopsies had an excellent safety profile 

with no reports of significant bleeding, acute kidney injury, or allograft failure attributable to 

the procedure. One-year patient and allograft survival were 99% and 100%, respectively. No 

deaths occurred between 1 and 5 years posttransplant, but there were 8 instances of allograft 

loss. In all, 94 subjects (91%) survived with functioning allografts until 5 years 

posttransplant or until administrative censoring at the end of the study (Figure 1).

3.2 | Determinants of subclinical inflammation

Of 103 subjects with surveillance biopsies at 3 and/or 6 months posttransplant, 37 (36%) had 

at least one biopsy with subclinical inflammation including 24 subjects with B-TCMR and 

13 subjects with SC-TCMR. Subclinical inflammation was detected in 19% and 31% of 

surveillance biopsies at 3 and 6 months posttransplant, respectively. Our cohort was racially 
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diverse and enriched for immunologic risk, as 45% were of black race and 69% had 

deceased donor transplants. DSAs were assessed at least once during year-1 posttransplant 

in 79/103 (77%), with 9/79 (11%) testing positive for class I and/or II DSA. We did not 

detect differences in early de novo DSA rates between those with subclinical inflammation 

and those with NOMOA. Nonadherence was present in 16% of subjects, with a trend toward 

more nonadherence in the subclinical inflammation group that was not statistically 

significant. We also observed trends for higher proportions of deceased donor transplants 

and more HLA-DQ mismatches in those with subclinical inflammation vs NOMOA, but 

other baseline demographic and clinical characteristics were similar between surveillance 

groups (Table 1). As expected, acute Banff severity scores (t, i, v, and ti) and the chronic 

tubular atrophy (ct) score were significantly higher in those with subclinical inflammation 

compared to NOMOA. Of interest, chronic Banff severity scores (ct, ci, and cv) were similar 

between B-TCMR and SC-TCMR at 6 months, indicating that early chronic injury and 

fibrosis were present regardless of the severity of subclinical inflammation and despite the 

absence of clinical dysfunction (Table S1).

3.3 | Outcomes after subclinical inflammation

The incidence of the primary composite endpoint was significantly higher in subjects with 

subclinical inflammation in both chi-square and Kaplan-Meier analyses, with the greatest 

effect derived from 3-fold higher rates of the acute rejection component of the endpoint 

(Table 2 and Figure 2). Outcomes were similar between B-TCMR and SC-TCMR 

subgroups, except trends for higher rates of late acute rejection and lower eGFR in the B-

TCMR subgroup that did not reach statistical significance. Notably, all 7 cases of late acute 

rejection in the subclinical inflammation group occurred in those with B-TCMR (Table 2). 

Kaplan-Meier plots confirmed a similar incidence of the 5-year composite endpoint in those 

with B-TCMR and SC-TCMR (Figure 3A). Cox regression modeling showed that 

subclinical inflammation was independently associated with a 3.4-fold greater hazard for the 

composite endpoint after adjusting for DSA during year-1 posttransplant, nonadherence, 

race, and donor type in multivariable analysis (Table 3). In separate yet similarly constructed 

multivariable Cox models, we found that both B-TCMR (adjusted hazards ratio [HR] 260, 

95% confidence interval [CI] 1.03–6.54) and SC-TCMR (adjusted HR 3.54, 95% CI 1.18–

10.62) were independently associated with increased hazard for the primary endpoint as 

well.

3.4 | Outcomes by treatment of subclinical inflammation

We further explored outcomes by treatment of subclinical inflammation phenotypes. All 

subjects with SC-TCMR were treated with increased immunosuppression, typically 

intravenous pulse corticosteroids. However, one-third of those with B-TCMR were similarly 

treated with increased immunosuppression and two-thirds were observed without changes to 

immunosuppression (untreated B-TCMR). In Kaplan-Meier analyses, untreated B-TCMR 

and treated SC-TCMR had a significantly higher incidence of the composite endpoint 

compared to NOMOA, whereas treated B-TCMR did not (Figure 3B).
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3.5 | Outcomes by subclinical vascular injury

We built a second Cox model to test for associations between Banff injury scores in 

surveillance biopsies and the 5-year composite endpoint, using the highest Banff score for 

each lesion in those who had biopsies at 3 and 6 months. Only peritubular capillaritis (ptc) 

and arteritis (v) scores were associated with increased hazard for the composite endpoint, 

indicating that subclinical vascular injury had a significant impact on the composite endpoint 

in our cohort (Table S2).

Based on these results, we then reclassified each subject based on early subclinical vascular 

injury (v score > 0 or = 0). We focused on the Banff v score since the ptc score had a much 

less precise point estimate in our multivariable Cox models (Table S2). Specifically, each 

subject was categorized as having subclinical inflammation with v > 0, subclinical 

inflammation with v = 0, or NOMOA. Subjects with subclinical vascular injury were 

younger and more likely to have C4d+ staining of peritubular capillaries in surveillance 

biopsies (Table S3), but none met Banff diagnostic criteria for SC-ABMR. Those with 

subclinical vascular injury had the worst outcomes in our cohort, as nearly 80% reached the 

5-year composite endpoint. Time-to-event analyses confirmed that the incidence of acute 

rejection and allograft failure after surveillance were significantly greater in subclinical 

vascular injury compared to subclinical inflammation (v = 0) and NOMOA (Figure 4). 

Furthermore, all episodes of subsequent clinical acute rejection in the subclinical vascular 

injury group occurred less than 1 year posttransplant, and all episodes of allograft failure 

occurred <2 years posttransplant. Taken together, these data show that subclinical vascular 

injury is an important, albeit relatively infrequent, surveillance phenotype in pediatric kidney 

recipients that is resistant to treatment.

4 | DISCUSSION

This represents one of the largest pediatric studies to investigate 5-year outcomes across a 

variety of subclinical inflammation phenotypes. Our major findings were the following: (1) 

subclinical inflammation, either B-TCMR or SC-TCMR, was detected in 36% of pediatric 

kidney transplant recipients by 6 months; (2) subclinical inflammation was associated with 

increased risk for acute rejection and graft failure by 5 years; and (3) among patients with 

subclinical inflammation, those with untreated B-TCMR and vascular injury had the worst 

outcomes.

Our rate of subclinical inflammation was higher than in recent pediatric surveillance studies, 

which found B-TCMR and SC-TCMR in 19%−29% of subjects.11,13,26 These differences 

may reflect important population differences in demographics and immunologic risk. Birk et 

al studied 21 children with serial surveillance biopsies over 3 years, with fewer African-

American and deceased donor recipients than our study. They did not increase 

immunosuppression for B-TCMR.13 Hymes et al evaluated 89 children with 3-month 

surveillance biopsies. They had similar proportions of subclinical vascular injury compared 

to our cohort, but did not report differential outcomes by subclinical phenotypes.11,27 They 

detected more subsequent acute rejection overall, despite treating all B-TCMR cases with 

pulse intravenous methylprednisolone. This difference from our study may be attributable to 

their conversion from tacrolimus to sirolimus and a lower maintenance MMF dose in 
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patients with NOMOA.28–30 Finally, the steroid-based arm (n = 70) of the multicenter 

SNS01-NIH-CCTPT study found a 35% lower rate of subclinical inflammation in 6-month 

surveillance biopsies, but was also less racially diverse than our study.26 Our data from a 

diverse pediatric cohort provide a significant addition to the existing literature on outcomes 

after surveillance biopsies.

Our improved outcomes with treatment of B-TCMR are interesting when placed in context 

with recent adult surveillance studies. Mehta et al showed that B-TCMR at 3 months was 

associated with reduced eGFR and increased incidence of de novo DSA by 1 year, as well as 

increased clinical acute rejection after surveillance.15 However, they used no maintenance 

prednisone, set a lower MFI cutoff for identifying DSA, and did not increase 

immunosuppression for B-TCMR. Our B-TCMR cases treated with increased 

immunosuppression had outcomes similar to NOMOA by Kaplan-Meier analysis, although 

this was an exploratory analysis with small sample sizes in these subgroups. These findings 

should be validated in a comparative effectiveness study of treatment strategies for B-

TCMR. Collectively, our studies identify B-TCMR as a significant surveillance finding that 

is perhaps equally hazardous as SC-TCMR, with a negative impact on kidney transplant 

outcomes that may benefit from treatment.

We found that subclinical vascular injury was associated with the highest rates of subsequent 

clinical acute rejection and allograft failure by 5 years, despite the fact that all cases were 

treated with increased immunosuppression. Although more subjects with subclinical 

vascular injury had C4d+ peritubular capillaries and subsequent DSA during year-1 

posttransplant, they did not have significant glomerulitis or peritubular capillaritis, and their 

DSA status was unknown at the time of biopsy (see Materials and Methods). It is unknown 

whether additional therapies targeting humoral immunity would have improved outcomes in 

this high-risk subgroup. In addition, many of these subclinical vascular injury cases were 

diagnosed prior to the Banff 2013 update, which first recognized C4d-negative ABMR as a 

pathological entity and included all grades of arteritis (v > 0) as diagnostic for ABMR.22 

Therefore, it is possible that all our subclinical vascular injury cases actually represent 

existing high-risk phenotypes such as SC-ABMR or subclinical mixed rejection, which have 

been associated with an over 4-fold risk of allograft failure in recent studies.14 Collectively, 

our data indicate that subclinical vascular injury is prevalent in pediatric surveillance 

biopsies despite the absence of clinical dysfunction, is resistant to treatment, and is 

associated with increased acute rejection and graft failure after surveillance. Prospective 

surveillance studies are needed with universal assessment of C4d staining, thoroughly 

validated endothelial injury transcripts, and concurrent de novo DSA testing (or non-HLA 

antibody testing)31, 32 in the context of updated Banff criteria in order to properly 

characterize subclinical vascular injury and determine the optimal management of this 

important surveillance phenotype.

Our study had several strengths, which include the use of a relatively large single-center 

pediatric cohort of consecutive kidney recipients treated with the same modern 

immunosuppression regimen. Our cohort was racially diverse compared to previous studies, 

which not only enriched our cohort for immunologic risk but also allowed multivariable 

adjustment of our results for race. Unlike previous surveillance studies, we were able to 
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demonstrate the benefit of treatment vs nontreatment of B-TCMR on long-term outcomes 

within a single study.

Despite these strengths, our study had limitations common to retrospective cohort studies, 

including a lack of randomization of treatment of B-TCMR, limited assessment of DSA at 

the time of surveillance, and dated Banff diagnostic criteria. A similar retrospective analysis 

of treatment at the clinician’s discretion has been used successfully in a recent subclinical 

pathology study.19 We added analysis of pathology by a third individual blinded to the 

clinical status of each case and had remarkable concurrence with clinical reads from the 

other 2 pathologists without substantial revisions to any original clinical diagnoses (data not 

shown). We also recognize that our prespecified composite endpoint was unbalanced, in that 

acute rejection after surveillance and allograft failure rates for the cohort were 49% and 

14%, respectively. We presented Kaplan-Meier plots of each component to illustrate their 

relative contributions to the composite endpoint, and to align with recent US Food and Drug 

Administration (FDA) guidance on multiple endpoints.33 However, we concede that 

conclusions regarding the composite endpoint might be influenced by the relatively high rate 

of acute rejection after surveillance compared to allograft failure. There may have been 

selection bias in how clinicians chose to treat or not treat B-TCMR. Our multivariable Cox 

models included prespecified exposures but likely excluded some potential confounders. We 

also recognize that although our study cohort was relatively large compared to published 

pediatric studies, it was still small compared to larger adult studies on similar topics.14 Our 

small sample size may limit the interpretation of exploratory analyses involving treatment of 

subclinical inflammation and outcomes after subclinical vascular injury.

In summary, we demonstrated that B-TCMR, SC-TCMR, and subclinical vascular injury 

were prevalent in pediatric kidney transplant recipients without clinical dysfunction, and that 

these phenotypes were associated with increased acute rejection and allograft failure after 

surveillance. Moreover, our data suggest that treating children with subclinical B-TCMR 

may improve their risk for subsequent acute rejection and allograft failure. Paired with a low 

rate of adverse events, our data indicate that surveillance biopsies can safely and effectively 

diagnose subclinical inflammation phenotypes in children and are a potentially valuable tool 

for monitoring early allograft injury. Given the current low rate of surveillance biopsy 

performance nationally, once our data are prospectively validated they would support a 

paradigm shift to perform surveillance biopsies as standard of care in pediatric kidney 

transplantation.
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Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
CONSORT diagram
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FIGURE 2. 
Kaplan-Meier plot of 5-year incidence of primary (A) and secondary (B, C) outcomes 

between the subclinical inflammation and no major abnormalities groups. (A) Composite 

endpoint of acute rejection after surveillance and death-censored graft loss. (B) Acute 

rejection after surveillance component of the composite endpoint. (C) Death-censored graft 

loss component of the composite endpoint. Comparisons of time-to-event data between 

groups were made using the log-rank test. NOMOA, no major abnormalities
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FIGURE 3. 
Kaplan-Meier plots of the 5-year incidence of the primary composite endpoint between the 

borderline and subclinical TCMR subgroups and the no major abnormalities group. (A) 

Five-year incidence of acute rejection after surveillance and graft loss between groups. (B) 

Five-year incidence of acute rejection after surveillance and graft loss between treated B-

TCMR (n = 8), untreated B-TCMR (n = 16), SC-TCMR (all were treated, n = 13), and 

NOMOA (n = 66) groups. Comparisons of time-to-event data between groups were made 

using the log-rank test. In (B), the P-values for the overall trend plus key between-group 
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comparisons are presented. B-TCMR, borderline T cell–mediated rejection; NOMOA, no 

major abnormalities; SC-TCMR, subclinical T cell–mediated rejection
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FIGURE 4. 
Kaplan-Meier plots of 5-year incidence of the primary composite endpoint (A), the acute 

rejection after surveillance component (B), and the death-censored graft failure component 

(C) between subjects with subclinical inflammation (SCI) and v > 0, SCI and v = 0, and no 

major abnormalities (NOMOA). Comparisons of time-to-event data between groups were 

made using the log-rank test
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