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Abstract

Background: Medication non-adherence is a risk factor for acute kidney transplant rejection. The association of
non-adherence with short-term allograft loss in patients who develop acute rejection and are subsequently treated
with maximal therapy is unknown.

Methods: We conducted a retrospective single center cohort study of adult patients who developed acute rejection
from January 2003 to December 2017 and were treated with lymphocyte depletion. Clinicopathologic characteristics
including adherence status were collected and descriptive statistics utilized to compare groups. The primary outcome
was all-cause graft loss at 6 months after acute rejection treatment. A multivariable logistic regression quantified the
association of non-adherence with the outcome.

Results: A total of 182 patients were included in the cohort, of whom 71 (39%) were non-adherent. Compared to
adherent patients, non-adherent patients were younger (mean age 37y vs 42y), more likely to be female (51% vs 35%)
and developed acute rejection later (median 2.3y vs 0.5y from transplant). There were no differences in estimated
glomerular filtration rate or need for dialysis on presentation, Banff grade, or presence of antibody mediated rejection
between the 2 groups. Overall, 48 (26%) patients lost their grafts at 6 months after acute rejection treatment. In
adjusted analysis, non-adherence was associated with all-cause graft loss at 6months after acute rejection treatment
[OR 2.64 (95% CI 1.23–5.65, p = 0.012].

Conclusions: After adjusting for common confounders, non-adherent patients were at increased risk for short-term
allograft loss after a severe acute rejection despite lymphocyte depletion. This finding may aid clinicians in risk stratifying
patients for poor short-term outcomes and treatment futility.
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Background
Acute kidney transplant rejection is a major cause of
allograft loss. Treatment of acute rejection is usually
determined by the clinical scenario and pathologic find-
ings on biopsy. The presence of acute vascular rejection
(Banff grade IIA, IIB, or III, or Cooperative Clinical Trials

in Transplantation [CCTT] Types II or III) [1, 2] signifies a
severe type of acute rejection and is traditionally treated
with high dose intravenous steroids and a T-lymphocyte
depleting agent [3, 4]. Additionally, acute cellular rejection
that does not respond to high dose steroids may warrant
escalation to T-lymphocyte depleting therapy [5]. Treat-
ment of acute rejection with T-lymphocyte depleting agents
is not without risks. Adverse effects include cytokine release
syndrome, serum sickness, thrombocytopenia, lymphope-
nia, fever and an increased risk of infections and malig-
nancy [6–9]. Although anti-thymocyte globulin (ATG), for
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example, has a relatively short half-life estimated to be
between 2 and 3 days, lymphopenia often lasts for months
and can last up to a year [6].
Clinical decision making to proceed with T-lymphocyte

depleting therapy in a patient with severe acute rejection
can at times be challenging. Identifying clinical predictors
for short-term allograft loss despite aggressive acute rejec-
tion treatment may aid clinicians in risk stratifying pa-
tients for treatment futility and individualizing treatment
decisions. For example, a clinician may decide to forego
additional treatment and to focus instead on end-stage
renal disease (ESRD) planning in a patient who is unlikely
to respond to treatment or whose allograft is likely to fail
within a few months despite T-lymphocyte depleting
therapy.
Known clinical and pathologic factors for poor out-

comes in acute rejection include black race, late onset of
acute rejection, higher histological grade, and vascular in-
volvement [10–15]. Although non-adherence is a known
risk factor for acute rejection [16], its relationship with
short-term allograft loss after treatment of an acute re-
jection episode is not well described. In this study we
aimed to determine the association of medication non-
adherence with allograft loss occurring within 6 months
of acute rejection treatment with a T-lymphocyte de-
pleting agent.

Methods
Study setting and participants
Inclusion criteria for this single center, retrospective
cohort study were: age ≥ 18 years old, biopsy-proven
acute rejection from January 2003 to December 2017,
and receipt of maximal rejection therapy defined as
treatment with a T-lymphocyte depleting agent, with or
without antibody-mediated rejection (AMR) treatment.
The rationale for having treatment with a T-lymphocyte
depleting agent as an inclusion criteria was to have a
cohort of patients that received the maximal therapy that
our center would administer. The outcome (short-term
graft loss) therefore could not be attributed to the
withholding of additional treatment that could poten-
tially impact graft survival. T-lymphocyte depletion
consisted of treatment with any of the following:
rabbit ATG (1.5 mg/kg) or horse ATG (10–15 mg/kg)
for 7–14 days, alemtuzumab 30 mg for one dose, or
muromonab-CD3 (OKT3) 5 mg daily for 10–14 days.
Recipients of dual solid organ transplants were ex-

cluded from the study. All study patients were followed
at the Vanderbilt Kidney Transplant Clinic in Nashville,
Tennessee as part of routine clinical care. Study follow-
up ended at time of all-cause graft loss or at the end of
the study (December 2018). The Vanderbilt University
Medical Center Institutional Review Board (IRB#180289)
approved the study.

Adherence status
Patient adherence status (dichotomous) was adjudicated
clinically at the time of patient presentation with corre-
sponding documentation in the medical record. A retro-
spective review of clinical notes (initial history of present
illness, progress notes and discharge summary) during
the patient’s hospital stay for acute rejection was per-
formed by at least one author. A patient was classified as
being non-adherent if a clinical note stated that the pa-
tient was non-adherent to taking immunosuppressant
medications. Patients with undetectable immunosup-
pressive levels were not necessarily classified as being
non-adherent as there could be reasons other than non-
adherence that lead to undetectable immunosuppressive
levels.

Covariates
Patient [i.e., age, gender, race/ethnicity, cause of ESRD,
maintenance immunosuppression regimen, steroid with-
drawal regimen, posttransplant nadir serum creatinine
(SCr), recent baseline SCr, history of prior rejection, esti-
mated glomerular filtration rate (eGFR) on presentation,
dialysis dependence on presentation, undetectable im-
munosuppressive levels on presentation, presence of donor
specific antibody (DSA), times to rejection from last follow-
up and from transplant, lymphocyte-depleting agent used
to treat the acute rejection episode], transplant (i.e., living
versus deceased donor) and pathologic characteristics [i.e.,
Banff grade (I(A + B), II(A + B), or III), presence of AMR
(presence of 2 out of 3 of the following: microcirculation in-
flammation, C4d positivity, and DSA positivity), percent-
ages of interstitial fibrosis and glomerulosclerosis, presence
of plasma cell or eosinophil-rich rejection, and transplant
glomerulopathy] were collected via review of the electronic
medical record and chart abstraction of biopsy reports.

Outcomes
The primary outcome was all-cause graft loss within
6 months of acute rejection treatment. Graft loss was
defined as return to chronic dialysis, re-transplantation or
death. Secondary outcomes were all-cause graft loss
within 12months of acute rejection treatment and overall
all-cause graft loss.

Statistical analysis
Descriptive statistics were used to compare important
clinical and pathological characteristics between groups.
Categorical variables were described using frequencies
and proportions and continuous variables were de-
scribed using means (standard deviations) and medians
(interquartile range). Two-sample t-test, Wilcoxon rank
sum test and chi-square test were utilized as appropriate
to compare groups.
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A multivariable logistic regression model was used to
examine the association of adherence status (primary
predictor of interest) with all-cause graft loss within 6
(primary outcome) or 12 (secondary outcome) months
of acute rejection treatment. The primary and secondary
outcomes included patients who were dialysis-dependent
on presentation. Based on literature review, clinical
experience, and plausible linkages to the outcome of
interest, the following variables were selected a priori for
inclusion in the model: eGFR at presentation, Banff
grade, presence of AMR, and degree of interstitial fibro-
sis (measured as the percentage of fibrosis in a given
core specimen).
A Cox proportional hazards model was used to deter-

mine the association of adherence status with the risk of
all-cause graft loss, after adjustment for the same covariates
described above with the addition of age at rejection, race/
ethnicity, type of transplant, nadir SCr and T-lymphocyte
depleting agent used. The proportional-hazards assumption
test based on Schoenfeld residuals was utilized to verify the
proportionality assumption for the model. Due to the rela-
tively high proportion of events, a sensitivity analysis was
performed for the primary outcome using multivariable
poisson regression with robust variance analysis [17]. A
p-value < 0.05 was considered statistically significant.
All analyses were performed using STATA SE version
15.0 (StataCorp, College Station, TX).

Results
Between January 2003 and December 2017, we identified
433 cases of biopsy-proven acute rejection including 182
(42%) patients treated with a T-lymphocyte depleting
agent who comprised the cohort. Median (IQR) follow-
up time after the rejection episode was 21.5 (4.6–74.2)
months. Non-adherence to medical therapy was com-
mon (n = 71, 39%). Patient, transplant and pathologic
characteristics are shown in Table 1. Non-adherent pa-
tients were generally younger at the time of rejection,
were more likely to be female and treated with a steroid
withdrawal protocol, attained a lower nadir SCr, and
developed acute rejection later compared to adherent
patients. Almost 45% of non-adherent patients had an
undetectable level of immunosuppression (calcineurin
inhibitor or mammalian target of rapamycin) at presen-
tation compared to 10% of adherent patients. A greater
percentage of non-adherent patients received ATG
whereas adherent patients were more likely to have re-
ceived OKT3. There were no differences in eGFR, need
for dialysis at presentation, Banff grade on biopsy, or
presence of AMR on biopsy between the groups.
Overall, 48 (26%) patients lost their grafts within

6months of acute rejection treatment, of which 2 were
deaths. At 12months after acute rejection treatment, 62
(34%) patients lost their grafts. The non-adherent group

had more graft losses within 6 and 12months of acute re-
jection treatment compared to the adherent group (41%
vs 17%, p < 0.001; 52% vs 23%, p < 0.001, respectively).
Time to all-cause graft loss after acute rejection treatment
was significantly shorter in the non-adherent group [me-
dian 142 days (IQR 31–536)] versus the adherent group
[median 781 days (IQR 144–2462)] (Fig. 1, log rank test
p < 0.001).
In multivariable logistic regression analysis, non-

adherence was associated with all-cause graft loss at 6
months after acute rejection treatment [OR 2.64 (95% CI
1.23–5.65), p = 0.012] after adjusting for eGFR on pres-
entation, Banff grade, presence of AMR, and degree of
interstitial fibrosis (Table 2). When examining the sec-
ondary outcome of graft loss at 12 months (Table 3), the
results were similar [OR 3.24 (95% CI 1.58–6.66), p =
0.001]. An eGFR of less than 15mL/min/1.73m2 on
presentation and the presence of AMR were also associ-
ated with graft loss at both 6 and 12months. The degree
of interstitial fibrosis was significantly associated with
graft loss at 6 months but not at 12 months.
In the Cox proportional hazards model (Additional file 1:

Table S1), non-adherence was associated with an in-
creased risk of all-cause graft loss over time (HR 1.81, 95%
CI 1.20–2.73), after adjustment for age at rejection, race,
type of transplant, nadir SCr, eGFR at presentation for re-
jection, Banff grade, presence of AMR, degree of intersti-
tial fibrosis and lymphocyte depleting agent used.
In sensitivity analysis, results of the modified poisson

regression with robust variance model were consistent
with the logistic regression model. Non-adherence was
significantly associated with all-cause graft loss at 6
months after acute rejection treatment [RR 1.83 (95% CI
1.12–2.98), p = 0.016], after adjusting for eGFR on pres-
entation, Banff grade, presence of AMR, and degree of
interstitial fibrosis (Additional file 2: Table S2).

Discussion
In this study, we found that patients who were deter-
mined by their clinical team to be non-adherent with
their immunosuppression were significantly more likely
to lose their allografts within 6 and 12months of a
severe acute rejection episode, despite treatment with a
T-lymphocyte depleting agent. This association was in-
dependent of the eGFR on presentation, presence of
AMR, Banff grade and degree of interstitial fibrosis.
Notably, there were no differences in eGFR on presenta-
tion, distribution of Banff grade or presence of AMR
when comparing adherent versus non-adherent patients.
Other identified risk factors for short-term allograft loss
after severe acute rejection treatment were an eGFR of
< 15mL/min/1.73m2 on presentation, presence of AMR
and a higher degree of interstitial fibrosis.
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Table 1 Patient, Transplant and Pathologic Characteristics

Overall
N = 182

Adherent
N = 111

Non-adherent
N = 71

p value

Age, years 40.2 ± 13.0 42.4 ± 12.9 36.7 ± 12.5 0.003

Male 107 (59) 72 (65) 35 (49) 0.04

Race/Ethnicity

• White 87 (48) 58 (52) 29 (41) 0.06

• Black 91 (50) 49 (44) 42 (59)

• Hispanic 4 (2) 4 (4) 0 (0)

Living Donor 78 (43) 50 (45) 28 (39) 0.53

Cause of ESRDa

• HTNb 34 (19) 19 (17) 15 (21) 0.10

• DMc 40 (22) 31 (28) 9 (13)

• GNd 59 (32) 34 (31) 25 (35)

• PKDe 7 (4) 6 (5) 1 (1)

• Other 29 (16) 14 (13) 15 (21)

• Unknown 13 (7) 7 (6) 6 (9)

Maintenance ISf

• FKg/MMFh/Pred 101 (55) 60 (54) 41 (58) 0.12

• FK/MMF 31 (17) 14 (13) 17 (24)

• CsAi/MMF/Pred 22 (12) 17 (15) 5 (7)

• MToRj-based 14 (8) 11 (10) 3 (4)

• Other 14 (8) 9 (8) 5 (7)

Steroid withdrawal 33 (18) 13 (12) 20 (28) 0.005

Nadir baseline SCrk, mg/dL 1.52 ± 1.19 1.73 ± 1.45 1.19 ± 0.45 0.002

Index eGFRl, mL/min/1.73m2

• > 30 34 (19) 24 (22) 10 (14) 0.13

• 11–30 91 (50) 58 (52) 33 (46)

•≤ 10 57 (31) 29 (26) 28 (40)

Need for dialysis on presentation 34 (19) 18 (16) 16 (22) 0.29

Undetectable IS 43 (24) 11 (10) 32 (45) < 0.001

DSAm identified 59 (36) 29 (30) 30 (47) 0.02

Time from last follow-up to rejection, days

• Mean ± SD 107 ± 322 58 ± 149 184 ± 476 < 0.001

• Median (IQR) 42 (10–103) 21 (6–60) 91 (47–140)

Time from transplant to rejection, days

• Mean ± SD 1140 ± 3091 1052 ± 3809 1279 ± 1368 < 0.001

• Median (IQR) 396 (103–1251) 193 (28–953) 827 (327–1829)

Rejection <30d from transplant 31 (17) 28 (25) 3 (4) < 0.001

Lymphocyte-depleting agent

• Rabbit ATGn 125 (68) 66 (59) 58 (82) 0.009

• Muromonab 48 (26) 39 (35) 9 (13)

• Alemtuzumab 7 (4) 4 (4) 3 (4)

• Horse ATG 3 (2) 2 (2) 1 (1)

Banff Grade

• Banff I (A + B) 90 (50) 50 (45) 40 (56) 0.18
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Identifying patients who are at high risk for short-term
allograft loss despite treatment is important in individu-
alizing clinical decision making. If allograft survival is
likely to be limited to only a few months despite potent
treatment, the clinician may choose to acknowledge the
likely loss of the allograft and withhold administration of
agents such as ATG that carry significant risks. The
focus of the therapeutic plan should instead perhaps
shift towards ESRD planning.

Prior studies have shown that various histological
markers are indicative of a higher risk of allograft loss fol-
lowing acute rejection. For example, Banff grade III, and
tubulitis and interstitial inflammation in the setting of vas-
cular involvement, correlated with a higher incidence of
irreversible graft loss, which was assessed by the SCr
response at 2 weeks following treatment for rejection
[14]. It has also been demonstrated that eGFR at
diagnosis of acute rejection and density of plasma cell

Table 1 Patient, Transplant and Pathologic Characteristics (Continued)

Overall
N = 182

Adherent
N = 111

Non-adherent
N = 71

p value

• Banff II (A + B) 77 (42) 53 (48) 24 (34)

• Banff III 15 (8) 8 (7) 7 (10)

AMRo 57 (31) 30 (27) 27 (38) 0.12

Percent Interstitial fibrosis

• < 5% 99 (55) 29 (26) 25 (35) 0.005

• 5–25% 46 (25) 64 (58) 24 (34)

• > 25% 37 (20) 18 (16) 22 (31)

Percent Glomerulosclerosis

• 0 99 (55) 68 (61) 31 (43) 0.02

• 1–20% 46 (25) 27 (24) 19 (27)

• > 20% 37 (20) 16 (15) 21 (30)

Plasma cell or eosinophil-rich 51 (28) 24 (22) 27 (38) 0.02

Transplant glomerulopathy 51 (28) 22 (20) 29 (41) 0.003

C4d positivity 58 (32) 30 (27) 28 (39) 0.08

Continuous variables are presented as mean (standard deviation) and categorical variables as N (%) except when noted otherwise
aend-stage renal disease; bhypertension; cdiabetes mellitus; dglomerulonephritis; epolycystic kidney disease; fimmunosuppression; gtacrolimus; hmycophenolate
mofetil; icyclosporine; jmammalian target of rapamycin; kserum creatinine; lestimated glomerular filtration rate; mdonor specific antibody; nanti-thymocyte globulin;
oantibody-mediated rejection

Fig. 1 Kaplan-Meier Graft Survival Estimates After Acute Rejection Treatment
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infiltration are associated with return to dialysis [18].
In our study, we similarly found eGFR to be an im-
portant predictor of allograft loss after acute rejection
but did not find Banff grade to be a significant factor.
To our knowledge, no prior studies have specifically

focused on examining the relationship of acute rejection
and short-term allograft loss in the setting of non-
adherence. A study by Morrissey et al. [19] found no dif-
ference in graft survival if the rejection was secondary to
non-adherence, although the authors did not study
short-term allograft loss as an outcome. Others have
shown that non-adherence results in acute rejection and
eventual graft loss [20]. Self-reported non-adherence,
immunosuppressant trough variability and percentage of
sub-therapeutic trough levels have also been separately
correlated with late allograft rejection [21].
Our findings suggest that non-adherence is an inde-

pendent risk factor for short-term allograft loss after an
episode of severe acute rejection despite aggressive treat-
ment. One potential mechanism that could explain this
association is the nature of pathologic injury and result-
ant histological changes that we hypothesize could make
patients more resistant to standard treatments. Non-
adherence has been previously associated with acute
rejection at one-year post transplant as well as poor
clinical outcomes at 5 years following transplant, and
the biopsies of this patient population identified a histo-
logical variant of late acute rejection associated with
non-adherence [16]. Notably, patients who were non-
adherent with their immunosuppression demonstrated a
higher percentage of acute cellular rejection based on
Banff criteria, a higher percentage of tubulitis, less inter-
stitial edema and more interstitial inflammation. In

addition, the relatively small study found that patients
who were deemed severely non-adherent, based on
higher variability of cyclosporine levels, were more likely
to have a denser inflammatory infiltrate. In comparison,
our study identified several significant differences in
pathological characteristics wherein non-adherent patients
had more interstitial fibrosis and glomerulosclerosis, and a
greater percentage developed plasma cell or eosinophil-
rich rejections, DSA and transplant glomerulopathy. How-
ever, the distribution of Banff grade or concomitant AMR
were not significantly different between the two groups.
These findings warrant further investigation focusing on
histological differences based on adherence and outcomes
potentially associated with these findings. Although this
study only examined associations and not causal relation-
ships, we hypothesize that the presence of plasma cell or
eosinophil-rich rejection, and development of DSA and
transplant glomerulopathy are on the causal pathway for
why non-adherence with severe acute rejection is more
likely to lead to early graft loss.
Another potential mechanism explaining our findings

is that patients who are non-adherent to their immuno-
suppression, remain non-adherent after they receive
acute rejection therapy. This pattern of behavior would
attenuate the beneficial response that they could have
achieved with therapy. This patient population may
benefit from closer follow-up after treatment of acute re-
jection for monitoring of medication adherence.
The strength of this study is that it addressed a com-

mon and important clinical question utilizing a clinically
relevant and practical outcome. The study’s findings can
help guide clinical decision making by identifying pa-
tients at increased risk for poor short-term outcomes.

Table 2 Multivariable Logistic Regression Analysis for All-Cause Graft Loss by 6 months

All-cause graft loss < 6 months Odds Ratio (95% Confidence Interval) P value

Non-adherence (ref: adherence) 2.64 (1.23–5.65) 0.01

eGFRa < 15 at presentation (ref: eGFR > 15) 4.71 (2.09–10.61) < 0.001

Banff grades II or III (ref: Banff grade I) 0.95 (0.44–2.02) 0.88

AMRb (ref: no AMR) 2.46 (1.14–5.32) 0.02

Interstitial fibrosis (per 1% increase) 1.02 (1.00–1.04) 0.03
aestimated glomerular filtration rate (mL/min/1.73m2); bantibody mediated rejection

Table 3 Multivariable Logistic Regression Analysis for All-Cause Graft Loss by 12 months

All-cause graft loss < 12 months Odds Ratio (95% Confidence Interval) P value

Non-adherence (ref: adherence) 3.24 (1.58–6.68) 0.001

eGFRa < 15 at presentation (ref: > 15) 4.57 (2.19–9.53) < 0.001

Banff grades II or III (ref: Banff grade I) 0.79 (0.39–1.62) 0.53

AMRb (ref: no AMR) 2.71 (1.30–5.68) 0.01

Interstitial fibrosis (per 1% increase) 1.01 (0.99–1.03) 0.31
aestimated glomerular filtration rate (mL/min/1.73m2); bantibody mediated rejection
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This information may also be helpful to improving
shared decision making and informing patients of their
prognosis. Additionally, this study highlights the nega-
tive influence of non-adherence in allograft outcomes
and underscores the importance of considering this issue
prior to initiating aggressive treatments.
This study has several limitations. First, the classifica-

tion of adherence status was clinically adjudicated by the
provider caring for the patient and his or her subsequent
documentation in the medical record. This criterion is
subjective and susceptible to misclassification bias. How-
ever, our findings apply to the usual scenario by which
non-adherence is determined by kidney transplant clini-
cians. Further, non-differential misclassification bias
would be expected to bias the study to the null. Future
studies should further delineate clinical non-adherence
to determine if particular subsets of clinically non-
adherent patients (e.g. self-report, undetectable immuno-
suppressive levels) are at increased risk of early graft loss.
Second, this was a single-center study and our findings
need to be duplicated elsewhere to ensure generalizability
to patients treated at other centers that may have different
acute rejection treatment protocols. Third, due to the ob-
servational nature of the study and the relatively small
number of events limiting regression model size, residual
confounding may exist. We were unable to include other
potential confounders in the multivariable regression
analysis such as presence of plasma cell or eosinophil-rich
rejection, DSA, transplant glomerulopathy, or being on a
steroid withdrawal protocol. In the future, as we accumu-
late more cases, we believe it will be worthwhile to repeat
the analyses to include these variables.

Conclusions
In conclusion, patients who are non-adherent are at
increased risk for short-term allograft loss after a severe
acute rejection despite T-lymphocyte depleting therapy.
Other significant predictors include severe renal dysfunc-
tion on presentation, presence of AMR and a greater de-
gree of interstitial fibrosis. These findings may aid
clinicians in risk stratifying patients for poor short-term
outcomes and treatment futility.
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