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Abstract

Introduction: Kidney transplant (KT) has the highest survival rate amongst kidney
replacement therapies (KRT). Objective: Analyze the incidence density of all-cause mortality
in chronic kidney disease transplant-recipients and to identify covariables associated with
higher risk of death. Methodology: Cohort study using medical records of 605 KT patients
with seven years follow-up (2011-2018). Records with insufficient data or from patients with
incomplete treatment were excluded. The variables analyzed were demographic, clinical and
laboratory data, duration of KRT, type of donor, immunological compatibility, panel-reactive
HLA-antibody, infections, and use of hypothermic perfusion machine (HPPM). Hazard ratio
(HR) and incidence density of all-cause deaths were estimated. Results: 15 of 553 KT-
recipients died during the follow-up. The survival in the first year post-KT was 98.0% and in
the fifth year was 93.2%. The incidence density of deaths is 10/1,000 person-years. Variables
pre- and post-KT related with higher death risk were allograft pyelonephritis >6-months and
delayed graft function >4 weeks. Survival among KT-recipients with loss >5
mL/min/1.73m?/year in the estimated glomerular filtration rate (eGFR) were lower than the
others (88% vs. 97%). Covariates associated with mortality post-transplant included pre-KT
obesity, HPPM, allograft pyelonephritis, and new-onset diabetes after transplantation.
Conclusion: The mortality post-KT is low in these population. Cox's modelling demonstrated
that the decline in eGFR >5 mL/min/1.73m2/year, allograft pyelonephritis >6-months, pre-KT
obesity, fasting blood glucose >126 mg/dL presented worst probability of survival. Rapid
decline in eGFR reduces substantially the survival probability in these population.




Research, Society and Development, v. 9, n. 11, e84791110276, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i11.10276

Keywords: Kidney transplantation; Progression of kidney function; Survival analysis; Cox

regression model.

Resumo

Introducéo: O transplante renal (TR) apresenta maior taxa de sobrevivéncia entre as terapias
de substituicdo renal (TRS). Objetivo: Analisar a mortalidade por todas as causas em
receptores de TR e identificar covaridveis associadas a maior risco de morte. Metodologia:
Estudo de coorte utilizando prontuarios de 605 transplantados com seguimento de sete anos
(2011-2018). Foram excluidos registros com dados insuficientes ou pacientes com tratamento
incompleto. As varidveis analisadas foram dados demogréaficos, clinicos, laboratoriais, tempo
de TRS, tipo de doador, compatibilidade imunoldgica, reatividade contra painel, infec¢cdes e
uso de maquina de perfusdo hipotéermica (MPH). Foram calculadas razdo de risco (HR) e
densidade de incidéncia de todas as causas de morte. Resultados: 15 dos 553 tranplantados
morreram durante o seguimento. Sobrevida no primeiro ano pds-TR foi 98,0% e no quinto
ano 93,2%. Densidade de incidéncia de mortes foi 10/1.000 pessoas-ano. Covariaveis pré e
pos-TR relacionadas com maior risco de morte foram pielonefrite do aloenxerto >6 meses e
funcdo retardada do enxerto >4 semanas. Sobrevivéncia entre TR com perda
>5mL/min/1,73m?/ano na taxa de filtracdo glomerular estimada (TFGe) foi menor que nos
outros (88% vs. 97%). Covariaveis associadas a mortalidade pos-transplante incluiram
obesidade pré-TR, MPH, pielonefrite do aloenxerto e diabetes de inicio recente pos-TR.
Conclusédo: Mortalidade pds-TR foi baixa nessa populacdo. A modelagem de Cox demonstrou
que declinio da TFGe >5mL/min/1,73m?/ano, pielonefrite do aloenxerto >6 meses, obesidade
pré-TR, glicemia de jejum >126mg/dL apresentou pior probabilidade de sobrevivéncia.
Declinio rapido na TFGe reduz a sobrevivéncia nessa populacao.

Palavras-chave: Transplante renal; Progressao da funcdo renal; Analise de sobrevivéncia;

Modelo de regressdo de Cox.

Resumen

Introduccion: Trasplante de rifion (TR) tiene supervivencia mas alta entre las terapias de
reemplazo renal (TRR). Objetivo: Analizar la mortalidad por todas las causas en los
receptores de RT e identificar las covariables asociadas con un mayor riesgo de muerte.
Metodologia: Estudio de cohorte utilizando historias clinicas de 605 trasplantado con siete
afios de seguimiento (2011-2018). Se excluyeron los registros con datos insuficientes o de

pacientes con tratamiento incompleto. Fueron analizados datos demograficos, clinicos y de
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laboratorio, duracion de TRR, tipo de donante, compatibilidad inmunolégica, panel reactivo
de anticuerpos, infecciones y uso de maquina de perfusion hipotérmica (MPH). Se estimaron
la razon de riesgo (HR) y la densidad de incidencia de las muertes por todas las causas.
Resultados: 15 de los 553 receptores de TR murieron durante el seguimiento. Supervivencia
en el primer afio post-TR fue 98,0% y en el quinto afio 93,2%. Densidad de incidencia de las
muertes fue 10/1.000 personas-afio. Covariables relacionadas con mayor riesgo de muerte
fueron pielonefritis del aloinjerto >6 meses y funcion retardada del injerto >4 semanas.
Supervivencia entre los receptores de TR con pérdida >5mL/min/1,73m?/afio en la tasa de
filtracion glomerular estimada (TFGe) fue menor que en los demas (88% vs. 97%).
Covariables asociadas con la mortalidad postrasplante incluyeron obesidad pre-TR, MPH,
pielonefritis del aloinjerto y diabetes de nueva aparicion después del trasplante. Conclusién:
La mortalidad post-TR es baja. Modelo de Cox demostré que TFGe >5ml/min/1,73m?/afio,
piclonefritis del aloinjerto >6 meses, obesidad pre-TR, glucemia en ayunas >126mg/dL
presentaron la peor probabilidad de supervivencia. Disminucion rapida de la TFGe reduce la
probabilidad de supervivencia en esta poblacion.

Palabras clave: Trasplante de rifion; Progresion de la funcion renal; Analisis de

supervivencia; Modelo de regresion de Cox.

1. Introduction

Kidney transplantation (KT) is the kidney replacement therapy (KRT) with the longest
survival rate amongst all the therapeutic options available. The survival of chronic kidney
disease transplant recipients (CKD-T) has been increasing in recent decades, possibly due to
advances in immunopharmacology and improved care (Wekerle et al., 2017), together with
reduction of infections, early identification of acute T-cell mediated rejections (aTCMR) or
acute antibody-mediated rejection (aABMR) (Ashby et al., 2017).

Despite improved graft and patient survival in the first year after KT due to more
appropriate clinical control and diagnosis, together with improved treatment of bacterial and
viral infections, and rejection, each subsequent year increases the risk of the recipient
returning to KRT or evolving to death even with a functioning graft. Long-term CKD-T
survival may involve processes linked to malignancy, infections related to
immunosuppression, infarction and stroke (Van Loon et al., 2020). The analysis of survival
rates and the components of mortality-associated covariates are crucial in the planning and
evaluation of CKD-T care (Djamali et al., 2006).
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Therefore, the primary purpose of this study is to analyze the cumulative incidence of
all-cause mortality in CKD-T from a reference center in Brazil. The research also aims to
model a Cox regression capable of determining the composition of pre- and post-KT
covariates which are associated with the mortality post-transplant.

2. Methodology
2.1 Study design and database selection

This is a retrospective cohort study (Sampieri, Collado & Lucio, 2013) involving the
follow-up of CKD-T outpatients from January 2011 to January 2018, accompanied in the
post-kidney transplant follow-up clinic at the Real Hospital Portugués de Beneficéncia em

Pernambuco (RHP/PE), Recife, Pernambuco, Brazil. Subjects with insufficient data and
dropouts from the treatment were excluded (Figure 1).

Figure 1. Flow chart of a retrospective cohort study survival analysis.
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The study was approved by the Human Research Ethics Committee of Universidade
de Pernambuco, Recife, Brazil (Ethics approval number: 2.520.459 in 01/03/2018) and
supported by the ethics committee from the RHP/PE, Recife, Brazil (CAAE:
8258.7418.6.0000.5192).

The study complied with the Helsinki Declaration (1964) and agrees with the
Resolutions 466/2012 and 510/2016 of the Brazilian National Health Council. Consent to
participate was not necessary because only medical records were used without any contact
with individual participants.

2.2 Analysis of covariables

CKD-T were categorized into fast progressors (CKD-T-fast) and slow progressors
(CKD-T-slow). Donor type was classified as such: living donor (LV), standard deceased
donor (SDD) and expanded criteria donor (ECD). The other variables were:

a) Demographic: sex, skin color and age, elderly (CKD-T > 60 years old (Orlandi et al., 2015)
b) Immunological: antibody reactivity panel (PRA), mismatch in the human leucocyte antigen
(HLA) system, and aTCMR or aABMR post-KT.

c) Pre-KT: obesity, systemic arterial hypertension (SAH), diabetes mellitus (DM), chronic
kidney disease (CKD) etiology and KRT time until KT (AT-KRT&KT).

d) Post-KT: rate of decline in renal function.

e) Infectious: BK-polyomavirus (BKPyV) nephropathy, cytomegalovirus (CMV) nephritis
and allograft bacterial pyelonephritis (ICU).

f) Laboratory: serum levels of hemoglobin, hematocrit, phosphorus, calcium, albumin,
creatinine (Cr) and fasting blood glycose (FBG) dosed at six months and twelve months post-
KT.

2.3 Immunosuppressive protocol at the RHP/PE (IP-IMS/RHP-PE)

All CKD-T underwent the IP-IMS/RHP-PE immunosuppressive protocol. This
protocol used 15 mg/kg of methylprednisolone (MP) up to two hours before induction with
maximum dose of one gram.

Maintenance was performed with combinations of prednisone, calcineurin inhibitor
(CNI) cyclosporine (CyA) or tacrolimus (TAC); and azathioprine (AZA) or sodium
mycophenolate (MPS) or mTOR sirolimus (SRL) or everolimus (EVR) inhibitors. Until 2012,
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the second induction drug used was the a-chain blocker of interleukin-2 receptors (IL-2R) and
was later replaced by human rabbit anti-thymocyte immunoglobulin (Thymo). Between 2012
and 2015, induction was performed with MP and IL-2R blocker, and maintenance with CyA
or TAC + AZA + PRED for non-sensitized recipients (PRA = 0%) and CyA or TAC + MPS +
PRED for recipients-sensitized (PRA > 0%). Between 2015 and 2018, induction was
performed using MPS + Thymo (3mg/kg) for non-sensitized recipients and for maintenance
the EVR or SRL + TAC + PRED combination was used.

Recipients-sensitized patients were induced using Thymo (6mg/kg), administered at
doses of (2mg/kg) on days zero, three and six post-KT. The IP-IMS/RHP-PE maintenance
was administered using TAC + MPS + PRED. PRED was administered throughout
maintenance at doses of 0.5 mg/kg with maximum dose of 30 mg/day (Van Loon et al., 2020;
Wekerle et al., 2017).

Individuals aged > 60 years, or 50-59 years who met at least two of the following
criteria were characterized as ECD: a) brain death due to stroke; b) previous SAH; c¢) Cr >1,5
mg/dL (Ariza-Heredia et al., 2014). ECD were allocated to patients aged > 50 years with PRA
= 0%.

Hypothermic machine perfusion preservation (HMPP) was indicated for: a) ECD
kidney transplant-recipient; b) SDD with presumed ischemia time > 24h; c) SDD with
previous cardiac arrest; SDD with donor final serum Cr >1,8 mg/dL (159.12 umol/L). The
kidneys meeting the criteria were installed in the HMPP, under dynamic preservation, upon
arrival at the RHP/PE, after a period of static preservation since capture. The length of stay in
the HMPP depended on the logistics of the donation-transplant process, with a minimum of
six hours.

New-onset diabetes after transplantation (NODAT) had to meet the following criteria:
DM symptoms added to casual blood glucose concentrations > 200 mg/dL (11.1 mmol/L);
FBG with two values > 126 mg/dL (= 6.99 mmol/L) and 8 hours of fasting; oral glucose
tolerance test after two hours with blood glucose > 200 mg/dL (11.10 mmol/L) and glycated
haemoglobin (HbAlc) > 6.5% (0.07 ratio of total haemoglobin) (Davidson & Wilkinson,
2004; Port et al., 2002).

The post-KT estimate glomerular filtration rate (eGFR) was calculated using the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula (Levey et al.,
2009).

CKD-T-fast were defined as CKD-T with an average annual eGFR loss >5
mL/min/1.73m2/year according to KDIGO 2012 (Levin et al., 2013). Kidney transplant
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patients were named CKD-T (Stevens & Levin, 2013).

2.4 Diagnosis and management of cytomegalovirus disease (CMV)

Polymerase chain reaction (PCR) was used for the diagnosis of CMV. For the
management of CMV, either prophylaxis with oral ganciclovir/valganciclovir, according to
availability, or preemptive treatment with intravenous ganciclovir was employed, using PCR
for diagnosis of CMV biweekly, resulting in a number of copies > 2,000/mL, collected from
15 days post-KT.

The protocol was carried out for three months in CKD-T with negative serology with
positive donors, and in recipients who received induction with Thymo (6mg/kg) or
maintenance with MPS. CKD-T using TAC + EVR or SRL + PRED did not undergo the
preemptive strategy.

The same conduct was also carried out for three months, in all patients who were
treated for rejection or were converted from MPA to SRL or EVL 10. All CKD-T showing
signs or symptoms compatible with CMV syndrome, with laboratory confirmation, were
diagnosed with CMV disease. In some cases, a histopathological study was necessary to
diagnose invasive CMV disease or in the tissue (CMV nephritis). As a cure criterion, negative
PCR for CMV was used. A CMV event was defined as any treatment registered in medical
records preemptive or CMV disease treatment with antivirus therapy with ganciclovir

registered in (Levin et al, 2013).

2.5 Bacterial allograft pyelonephritis (ICU) in CKD-T

ICU was determined by a value >105 colony-forming unit per milliliter in the urine
culture, and fever associated with one of the following signs or symptoms: painful allograft,

worsening of serum Cr or biopsy detecting bacterial neutrophilic nephritis.

2.6 Monitoring of BK-polyomavirus (BKPyV) and BK-polyomavirus nephropathy

BKPyV was screened after 90, 120, 150, 270 and 360 days of aABMR or aTCMR
treatment or when there was an unexplained increase in serum Cr. A BKPyV event was
defined as viremia >10,000 copies/mL. When associated with renal biopsy compatible

diagnosis of polyomavirus nephropathy was made. The Dose reduction of serum levels of




Research, Society and Development, v. 9, n. 11, e84791110276, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i11.10276

immunosuppressants with or without changes in immunosuppressants was performed

according to clinical judgment and biopsy result (Ramanan & Razonable, 2013).

2.7 Statistical analysis

Statistical analysis was conducted using Stata version 14.0 (StataCorpLLC™, College
Station, Texas, USA). Absolute and relative frequencies were used to describe the clinical
characteristics associated with kidney disease.

Quantitative variables were classified into categories and measurements were
standardized. Mortality rates (MR) were expressed as incidence density of deaths with a 95%
confidence interval (C195%) and the number of cases standardized per 100 or 1,000 person-
years of observation time. Pearson's chi-square (X?) or Fisher's exact tests were used to assess
associations of clinical factors related to CKD-T pre- and post-KT. The measures of the
association of hazard ratio (HR) were also estimated for each covariate.

Survival functions were presented by the Kaplan-Meier graph and the differences were
tested using the logrank test (Mantel-Cox) (Chuang, Parikh & Langone, 2005). In the survival
analysis, the outcome variable was death and covariate dependent on time until death or the
end of the cohort follow-up. Cases of loss to follow-up or abandonment of treatment were
censored. The risk of death was estimated using the Cox-model and the measure of
association of covariates was HR with Cl195%. The Schoenfeld residue test was used to
determine the proportional hazards assumption (Armitage, Berry & Matthews, 2013).

The HR of the association of mortality with clinical and CKD-T related pre- and post-
KT factors was adjusted by stepwise-forward modelling. For input criterion, P < 0.20 was
used in the bivariate stage while P < 0.10 was used as exit criterion. A bilateral P value < 0.05
was considered statistically significant. Biological plausibility served as a basis for
interpreting concomitance at the stages (Schoenfeld, 1982). The quality of the goodness-of-fit
adjustment was performed after modelling. Harrel's probability (Harrel’s C index) was used to
assess the discriminatory power and predictive accuracy of the mortality model. Génen &
Heller's K concordance coefficient was used to correct censoring interference and intensify

the modelling power (Gonen & Heller, 2005).
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3. Results

3.1 Description of the general characteristics of the population

From 605 CKD-T recruited between 2011 and 2018, 553 were selected for analysis.
The general profile of the recipient population was composed of 78.5% of individuals < 60
years old, 61.7% of males and 72% multiracial (Table 1).

Table 1. Description of the chronic kidney disease transplant-recipients treated between 2011

to 2018 at a referral center in Brazil included in the retrospective cohort study (n = 553)

Kidney recipient characteristics n (%)
Age > 60 years 434 (78.5%)
Male sex 341 (61.7%)
Race (self-referenced)
White 109 (19.7%)
Multiracial 398 (72.0%)
Black 46 (8.3%)
Pre-transplant body mass index (kg/m?)
Underweight (<18.5) 42 (7.6%)

Normal (18.5-24.9)
Overweight (25.0-29.9)
Obesity > 30
Etiological diagnosis
Indeterminate
Diabetes mellitus (DM)
Systemic arterial hypertension (SAH)
DM + SAH
Nonspecific chronic glomerulonephritis
Focal and segmental glomerulosclerosis
Polycystic kidney disease
Alport syndrome
Others
Donor type (n = 546)
Living donor
Standard deceased donor
Expanded deceased donor
Kidney replacement therapy (n = 546)
Hemodialysis
Peritonial dialysis
Hemodialysis + peritonial dialysis
Preemptive treatment
AT-KRT&KT (n = 544)
Less than 5 years
Between 5 and 10 years
More than 10 years

302 (54.6%)
161 (29.1%)
48 (8.7%)

267 (48.3%)
45 (8.1%)
85 (15.4%)
13 (2.3%)
26 (4.7%)
19 (3.4%)
34 (6.1%)

4 (0.7%)

60 (10.8%)

41 (7.5%)
424 (77.7%)
81 (14.8%)

499 (91.4%)
13 (2.6%)
16 (2.9%)
18 (3.3%)

347 (63.8%)
140 (25.7%)
57 (10.5%)

AT-KRT&KT: time between kidney replacement therapy and kidney transplantation.

Source: Authors

10
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When CKD-T-fast (n=126) and CKD-T-slow (n=427) progressors were compared,
77.2% of patients had a CKD-T-slow behavior with a CKD-T-slow/fast ratio estimated of 3.4.

Elderly patients were a minority in both groups. The most frequent etiologies were DM and
SAH. SDD predominated in both groups and the recipients had < 5 years of KRT (Table 2).

Table 2. Comparison between chronic kidney disease transplant-recipients with slow

progression behavior and fast progression behavior treated at a referral center in Brazil from

2011 to 2018 (n = 553).

Fast progression  Slow progression

Covariables (n = 126) (n = 427)
Age > 60 years 20 (15.9%) 99 (23.3%)
Male sex 71 (56.3%) 270 (63.2%)
Race (self-referenced)
White 24 (19.1%) 85 (19.9%)
Multiracial 86 (68.2%) 312 (73.1%)
Black 16 (12.7%) 30 (7.0%)
Pre-transplant body mass index (kg/m?)
Underweight (< 18.5) 16 (12.7%) 26 (6.1%)
Normal (18.5 a 24.9) 76 (60.3%) 226 (52.9%)
Overweight (25.0 a 29.9) 23 (18.2%) 138 (32.3%)
Obesity (> 30) 11 (08.7%) 37 (8.7%)
Etiological diagnosis
Indeterminate 70 (55.6%) 197 (46.1%)
Diabetes mellitus (DM) 7 (5.6%) 38 (8.9%)
Systemic arterial hypertension (SAH) 19 (15.1%) 66 (15.5%)
DM + SAH 2 (1.6%) 11 (2.6%)
Nonspecific chronic glomerulonephritis 6 (4.8%) 200 (4.7%)
Focal and segmental glomerulosclerosis 4 (3.2%) 15 (3.5%)
Polycystic kidney disease 6 (4.8%) 28 (6.6%)
Alport syndrome 1 (0.8%) 3 (0.7%)
Others 11 (8.7%) 49 (11.5%)
Donor type (n = 546)
Living 11 (8.9%) 30 (7.1%)
Standard deceased 95 (77.2%) 329 (77.8%)

Expanded deceased criteria
Kidney replacement therapy (n = 546)
Hemodialysis
Peritoneal Dialysis
Hemodialysis + peritoneal dialysis
Preemptive treatment
AT-KRT&KT (n = 544)
Less than 5 years
Between 5 and 10 years
More than 10 years

17 (13.8%)

111 (91.0%)
2 (1.6%)
5 (4.1%)
4 (3.3%)

72 (58.5%)
31 (25.2%)
20 (16.3%)

64 (15.1%)

388 (91.5%)
11 (2.6%)
11 (2.6%)
14 (3.3%)

275 (65.3%)
109 (25.9%)
37 (8.8%)

AT-KRT&KT: time between renal replacement therapy and kidney transplantation.

Source: Authors
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3.2 Analysis of the survival function and characteristics related to death

Fifteen patients died during follow-up and the 5-year survival probability is 93.2%.
The standardized MR was 10 per 1,000 person-years, with death from CKD-T occurring
within the first three years after transplant. Death was more prevalent in men aged > 60 years

with an MR of 1.55 (C195%: 0.64-3.73) (Table 3).

Table 3. Pre-kidney transplant covariates associated with the risk of death in chronic
kidney disease transplant-recipients in the post-kidney transplant period (n = 15).

Incidence density

Hazard ratio

Covariables Deaths (C195%)? (C195%) P
Age > 60 years 5 1.55(0.64-3.73) 1.10(0.65-1.85 0.718
Male sex 9 0.94(0.49-1.81) 0.83(0.29-2.33) 0.720
Progression

Slow 9 0.80 (0.40 -1.48)  Reference -

Fast 6 1.87 (0.84 -4.16) 2.40 (0.85-6.74)  0.097
Race(self-referred)

White 3 1.22 (0.39-3.78)  Reference -

Multiracial 10 091(049-1.69) 0.75(0.21-2.74) 0.663

Black 2 1.41(0.35-5.63) 1.19(0.19-7.14) 0.851
Body mass index (kg/m?)

Normal (18.5-24.9) 8 0.99 (0.49-1.98)  Reference -

Underweight (<18.5) 3 0.70 (0.23-2.19) 0.72(0.19-2.69) 0.621

Overweight (25.0-29.9) 3 2.50 (0.81-7.75)  2.48 (066 — 9.35) 0.180

Obesity (> 30) 1 0.77 (0.11-5.46) 0.76 (0.10-6.11)  0.798
Etiological diagnosis

DM pre-KT 6 1.39 (0.74 —2.57)  Reference -

SAH 2 1.65(0.41-6.61) 1.19(0.26 -5.45) 0.819

DM pre-KT + SAH 2 0.75(0.19-3.01) 0.55(0.12-2.52) 0.443

Others 1 0.68 (0.09 -4.86) 0.49(0.06 —3.85)  0.499
AT-KRT&KT

Less than 5 years 7 0.80 (0.38 -1.67)  Reference -

Between 5and 10 years 5 1.19(0.49-2.86) 1.51(0.48-4.75) 0.486

More than 10 years 2 1.25(0.31-5.000 1.57(0.33-7.55) 0.575

®The incidence density of deaths is per 100 person-years. C195%: confidence interval at 95%; DM:
diabetes mellitus; SAH: systemic arterial hypertension; KT: kidney transplantation; AT-KRT&KT:
time between renal replacement therapy and kidney transplantation

Source: Authors.

3.3 Analysis of the eGFR and rapid progression behavior

Forty percent of deaths in this cohort occurred in transplant recipients who exhibited
CKD-T-fast behavior, estimating the MR in 1.87 (Cl195%: 0.84-4.16) and the HR in 2.4
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(C195%: 0.85-6.74). Survival curves diverged between CKD-T-fast and CKD-T-slow

progressors from the second year post-KT (Figure 2).

Figure 2. Survival analysis among chronic kidney disease transplant recipients with slow

progression behavior (n=427) and fast progression behavior (n = 126).

:‘-ﬂ—-

| Logrank: P=0 086
Hazard Ratio: 2 40

Survival probabality

w— Siow Progression
w— Fast Progression

Arrow shows the critical point between kidney transplant-recipients slow progressors and fast
progressor. Chronic kidney disease transplant-recipients with fast progressing behavior have average
decline in annual glomerular filtration rate > 5mL/min/1.73m2/year.

Source: Authors

3.4 Covariables correlated with death

DM accounted for to 66% of CKD-T deaths with MR estimated at 1.39 (CI195%: 0.74—
2.57). The mean time between KRT and RR was < 5 years, and a greater MR was observed
among patients who were on KRT >10 years (HR: 1.57; CI95%: 0.33—7.55) (Table 1). Pre-
KT obesity was the comorbidity with the highest MR (3.9; CI195%: 1.45-10.3) and HR (4.81,
Cl95%: 1.53-15.1). 40% of the patients who died had their grafts perfused with HPPM (MR:
1.82; C195%: 0.82-4.06) (Table 4).
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Table 4. Covariables pre- and post-kidney transplantation related to the highest risk of death for

recipients in the post-kidney transplant period (n = 15).

. Incidence density Hazard ratio P
Covariables Deaths (C195%)° (C195%%)"
Hypothermic machine perfusion 6 1.82 (0.82-4.06) 3.42(1.09-10.8) 0.036
Mismatches
Human leukocyte antigen-A
0 mm 0 - - -
1 mm 4 0.63 (0.81-2.80) Reference -
2mm 10 2.00(0.28 -14.2) 2.40(0.74-7.67) 0.138
Human leukocyte antigen-B
0mm 1 0.75(0.11 -5.29)  Reference -
1 mm 3 0.46 (0.15-1.42) 0.62(0.06 —5.93) 0.675
2mm 10 1.56 (0.84 -2.90) 2.09 (0.27 -16.3) 0.482
Human leukocyte antigen-DR
0mm 5 1.08 (0.45—-2.58) Reference -
1 mm 6 0.79 (0.35-1.75) 0.73(0.22-2.40) 0.607
2mm 3 1.49 (0.48-4.63) 1.39(0.33-5.83) 0.653
Systemic arterial pressure (mmHg)
SBP 150-159 and DBP 100-110 7 0.80 (0.38 - 1.67)  Reference -
SBP > 160 and DBP > 110 5 1.84(0.77-4.42) 2.32(0.73-7.32) 0.151
Cold ischemia
Less than 12 hours 1 0.54 (0.08 —3.82)  Reference -
Between 12 and 18 hours 5 1.12 (0.47 -2.70) 2.01(0.23-17.2) 0.524
Between 18 and 24 hours 6 1.68 (0.75-3.73) 3.03(0.36 —25.2) 0.305
Between 24 and 30 hours 1 0.52 (0.07-3.68) 0.93(0.06 -14.9) 0.962
More than 30 hours 1 0.79 (0.11-5.59) 1.47(0.09 -23.6) 0.787
Panel-reactive antibody
Not sensitized recipients 13 1.01 (0.57 —-1.78)  Reference -
Moderate sensitized 2 0.97 (0.24 -3.88) 0.95(0.21 -4.26) 0.947
Hypersensitized 0 - - -
Donor type
Living donor 0 - Reference -
Standard deceased donor 12 - - -
Expanded deceased criteria 3 - - -

*The incidence density of deaths is per 100 person-years. "Hazard ratio was not calculated for all deaths
in Kidney transplant recipients among non-transplanted patients. C195%: confidence interval at 95%;
HLA: human leukocyte antigen; SBP: systolic blood pressure; DBP: diastolic blood pressure.

Source: Authors.

The delay graft function (DGF) >4 weeks was associated with a higher MR (5.42;
Cl95%: 2.82-10.4). 53% of the patients who died had been diagnosed with ICU up to six
months post-KT (MR: 1.57; C195%: 0.78-3.13 and HR: 3.65; C195%: 1.10-12.1) (Table 5).
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Table 5. Incidence rate of deaths and covariates pre- and post-transplant associated with the

risk of death in chronic kidney disease transplant recipients up to one year (n = 15).

Incidence density Hazard ratio

Covariables Deaths (C195%)° (C195%) P
Progression
Slow 9 0.80 (0.40 - 1.48) Reference -
Fast 6 1.87 (0.84 —4.16) 2.40 (0.85-6.74) 0.097
BMI > 30 kg/m? pre-KT 4 3.88(1.45-10.3) 4.81(1.53-15.1)
ICU up to 6 months post-KT 8 1.57 (0.78-3.13) 3.65(1.10-12.1) 0.034
Delay graft function
Less than one week 2 0.27 (0.07 - 1.07) Reference -
Between 1 and 2 weeks 2 0.61(0.15-2.42) 2.20(0.31-15.6) 0.432
Between 2 and 3 weeks 2 1.08 (0.27-4.29) 4.06 (0.57 -28.9) 0.161
Between 3 and 4 weeks 0 - - -
More than 4 weeks 9 542 (2.82-10.4) 20.2(4.35-94.1) <0.001
Cytomegalovirus event 5 0.83(0.34-1.99) 0.85(0.28-2.59) 0.769
BKPyV nephropathy 2 1.63(0.41-6.50) 1.94(0.43-8.77) 0.388
aTCMR 5 1.87(0.77-4.48) 2.39(0.80-7.14) 0.118
NODAT 7 1.14 (0.54-2.38) 3.12(0.80-12.1) 0.100

*The incidence density of deaths is per 100 person-years. "CMV event was symptomatic infection or
preemptive treatment or biopsy with cytomegalovirus nephritis.“BKyP - polyomavirus is considered
serum viremia > 10.000 copies/mL with biopsy with BKyP nephropathy. C195%: confidence interval
at 95%; BMI: body mass index; KT: kidney transplantation; ICU: allograft pyelonephritis; aTCMR:
acute T cell-mediated rejection; NODAT: new-onset diabetes after transplantation.

Source: Authors

FBG > 126 mg/dL (>6.99 mmol/L) or NODAT diagnosis was associated with both
higher MR (2.67; CI195%: 1.11-6.42) and HR (3.81; CI95%: 1.16-12.5) (Table 6). Results

from the serum laboratory measurements one-year post-KT are also available in Table 6.
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Table 6. Serum laboratory covariates related to the risk of death results up to one after kidney

transplantation (n = 15).

Incidence density

Hazard Ratio

Covariables Deaths (C195%)" (C195%)" P
Fasting blood glycose

<99 mg/dL 6 0.71(0.32-1.57) Reference -

100-125 mg/dL 3 0.69 (0.22 -2.14) 0.99 (0.25-3.97) 0.985

> 126 mg/dL 5 2.67 (1.11-6.42) 3.81(1.16-12.5) 0.028
Hemoglobin

10-11mg/dL 4 0.97 (0.36 — 2.57)  Reference -

< 10mg/dL 3 2.42 (0.78 -7.50) 2.56 (0.57 -11.5) 0.218

> 12 mg/dL 8 0.85(0.43-1.71) 0.89(0.27-2.98) 0.862
Hematocrit

30-36 mg/dL 4 1.04 (0.39-2.78) Reference -

< 30mg/dL 3 3.22(1.05-10.00 3.12(0.70-13.9) 0.137

> 36 mg/dL 7 0.71(0.33-1.48) 0.68(0.20—-2.33) 0.542
Serum total calcium

8.5-10.5 mg/dL 3 0.42 (0.13-1.29) Reference -

< 8.5 mg/dL 3 1.15(0.36 —3.55) 2.71(0.55-13.5) 0.223

> 10.5 mg/dL 3 1.23(0.40-3.83) 2.98(0.60-14.8) 0.182
Serum phosphorus

2.5-4.5 mg/dL 4 0.49 (0.18 -1.30) Reference -

< 2.5mg/dL 2 0.65(0.16 —2.59) 1.33(0.24-7.28) 0.740

> 4.5 mg/dL 1 2.43(0.35-17.3) 5.07 (0.56 —45.4) 0.147
Serum albumin

3.5-4.5 mg/dL 7 1.11 (0.53-2.32) Reference -

< 3.5 mg/dL 2 2.98 (0.75-11.9) 2.65(0.55-12.8) 0.224

> 4.5 mg/dL 0 - - -
HbAlc

4.0-5.6 % 1 0.44 (0.06 — 3.13)  Reference -

<4.0% 1 0.51 (0.07-3.66) 1.16(0.07-18.5) 0.917

> 5.6 % 4 1.27(0.48 -3.39) 2.89(0.32-25.9) 0.342

*The incidence density of deaths is per 100 person-years, "Hazard ratio was not calculated for all
deaths in kidney transplant recipients with proteinuria above 300 mg/24h; C195%: confidence
interval at 95%; HbAlc: serum glycated hemoglobin.

Source: Authors.

3.5 Selection of the composition of covariates correlated to death

Multivariate modelling demonstrated that the pre-KT obesity, use of MPPH, ICU up to
six months post-KT, fasting blood glycose > 126 mg/dL (> 6.99 mmol/L) or NODAT, and

CKD-T-fast behavior were associated with a higher risk of death (Table 7). However, only

pre-KT obesity (P = 0.023) and the use of HPPM (P = 0.035) were independent risk factors.
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Table 7. Multivariate analysis by Cox proportional hazard model with the covariables more

closely associated with the risk of death in chronic kidney disease transplant-recipients

Covariables Hazard ratio (C195%) P

Fast progression 1.82 (0.59 — 5.55) 0.294
Pre-kidney transplant obesity 4.32 (1.22 - 15.3) 0.023
Hypothermic pulsatile machine perfusion 3.51 (1.09 - 11.3) 0.035
Pyelonephritis post-kidney transplantation until six months  3.28 (0.97 — 11.1) 0.056
Fasting blood glycose > 126 mg/dL. or NODAT 3.18 (0.92 - 11.0) 0.068

Cl195%: confidence interval at 95%; NODAT: new-onset diabetes after transplantation.
Harrell’s C index = 0.8538; Gonen & Heller's K concordance coefficient = 0.7401
Source: Authors.

4. Discussion

4.1 Main causes of death in kidney recipients-transplant

A study conducted by Bicalho et al. (2019) with 944 Brazilian patients have found a
survival rate of 90.2%. Infectious and cardiovascular diseases accounted for 90% of the
causes of death in the population studied. In a research study conducted in Germany,
involving populations with socioeconomic and ethnic characteristics different from the
present study, Abeling et al. (2019) have also found an accelerated loss of renal function post-
KT in addition to infectious and cardiovascular factors. These study with a follow-up between
2000 and 2007 observed a drop in the survival rate from 90% in the fifth year post-KT to 78%
in the 10-year period among CKD-T with fast renal loss behavior. The CKD-T survival curve
of the present study corroborates findings from well-reputed reference centers, such as the
Hospital do Rim de Séo Paulo, which found a 93.2% in the five-year survival rate for CKD-T
of LV and 79.6% for CKD-T of SDD (Jolissaint & Tullius, 2017).

4.2 CKD-T fast-progressor behavior

There is still no consensus over a clear characterization of CKD-T-fast patients. Renal
function progression in these patients follows the general guidelines of KDIGO 2012 (Levin
et al., 2013), considering a rate of decline in renal function >5 mL/min/1.73m?/year was a
rapid decline in renal function (Stevens & Levin, 2013). The mechanisms underlying such
rapid progression and the risk of death remain unclear.

The rate of decline in CKD may be a marker of subclinical atherosclerosis, endothelial

dysfunction or oxidative stress. The Atherosclerosis Risk in Communities (ARIC) study,
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which involved more than 13,000 patients, pointed to a risk of peripheral arterial disease and
death in the group of patients with the greatest annual rate of decline in renal function
(Matsushita et al., 2009). Shlipak et al. (2009) have demonstrated an association between
accelerated rate of decline in eGFR and increased risk of heart failure, heart attack and death.

In a 34-month follow-up, Khan et al. (2006) also noticed an increase in mortality when
associated with an accelerated rate of decline in renal function. In the study, a value >15
mL/min/1.73m?/year was a reference point for defining rapid progression, which was found in
12% of the 6,640 individuals studied. The increase in MR was not verified by the authors in
subjects defined as CKD-T-slow.

In the present study, a higher risk of death was found for CKD-T fast progressors or
patients with eGFR > 5 mL/min/1.73m?%/year and this phenomenon was detected after the
second year of post-KT follow-up (Figure 2). We should like to emphasize the importance of
analyzing the survival function curve, not only by the logrank, but by the configuration of its
trajectory, since survival function is impacted by the censored group and by time of analysis
of the probabilistic comparison pairs. A simple analysis may at first seem to invalidate the
discriminatory analysis, but it is at the inflection point on the curve that care needs to be
intensified. The critical point of the trajectory favors the determination of CKD-T-fast with a

higher risk of rapid graft loss and leads to a greater likelihood of death (Park et al., 2013).

4.3 New-onset diabetes after transplantation and pre-kidney transplant obesity

NODAT is a growing problem in KT recipients, since this is a serious complication
during follow-up (Ducloux et al., 2005). The NODAT continually increases after KT, as
demonstrated by the cumulative incidence of cardiovascular events and increased risk of
death associated with FBG higher levels (Cia et al., 2016). The present study corroborates
these findings, since FBG levels >126 mg/dL (>6.99 mmol/L) were also associated with a
higher risk of death. In the literature, NODAT has been found to increase the risk of death
from cardiovascular diseases by 1.5 to 3 times (Srinivasan et al., 2019).

The modern global epidemic of obesity is yet another serious risk factor for loss of
transplanted kidney and death. Although the pathophysiology of obesity and the risk of death
are multifactorial, 24 the present study found that obesity was the post-KT comorbidity
associated with greatest MR. As shown in other studies, obesity in CKD-T increases the risk

of SAH, DM, dyslipidemia and coronary artery diseases. Post-KT obesity is an independent
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risk factor for allograft dysfunction and death from cardiovascular events (Ducloux et al.,
2005).

4.4 Allograft pyelonephritis (ICU) up to six months after six months post-KT

In the present cohort, the ICU represented a 3.65 times greater risk and was present in
53% of the CKD-T who died. Infectious complications represent a challenge to KT and are
associated with longer hospital stays and increased health costs, with CKD-T patients
presenting increased risk for ICU. This condition is the major of source of bacteremia and
infectious complications, increasing the death risk for CKD-T patients (Ojo, 2005).

According to Srinivasan et al. (2019) genitourinary infections up to six months post-
RT are associated with an increase in MR, with CKD-T affected by ICU showing a drop-in
survival rate, with survival coefficients estimated at 82.7% after five years post-KT.
Furthermore, the single center survey conducted in Brazil by the authors recorded 162 deaths
among with 1,873 CKD-T (Srinivasan et al., 2019).

4.5 Hypothermic pulsatile perfusion preservation machine

In our study, HPPM was used only in selected cases of higher risk of DGF, including
ECD Kkidney-recipients, and only after a period under static preservation, i.e., hybrid
preservation. Thus, the value found in the Cox model may be an indirect measure of the
quality of the received kidney, and not a linear risk factor for death.

In a multicenter randomized study, involving a kidney donation after circulatory death
(DCD-donor), Watson et al. (2010) have found no difference in the incidence of DGF
between the kidneys assigned for HPPM or static preservation, with percentages of 58% and
56% respectively. Kidney function at three and twelve months was similar between groups, as
well as graft and patient survival.

In a study carried out by Jochmans et al. (2010) also involving DCD-donor kidneys,
HPPM reduced the incidence of DGF from 69.5% to 53.7% (OR: 0.43; CI95%: 0.20-0.89; P
= 0.025). In addition, the DGF had a reduction in four days in the CKD-T perfused by HPPM
(P = 0.082) and the kidneys perfused by HPPM showed better clearance of Cr up to one-
month post-KT (P = 0.027). Regarding graft survival and CKD-T one-year post-KT, there
was no difference between the groups (93.9% vs. 95.1%). However, both studies were

conducted with DCD-donors, a modality not yet regulated in Brazil. The greatest applicability
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of HPPM lies in kidneys of brain-dead donors, immediately after surgical extraction.
Apparently, there is a benefit for selected groups regarding reductions in DGF, length of
hospital stays and renal function after the first year post-KT (Sandal et al., 2018; Watson et
al., 2010).

4.6 Effectiveness of the prediction model

Regarding the covariables associated with fatal outcomes, the Harrell’s C index of the
model was calculated at 85% and Gonen & Heller's K concordance coefficient at 74.0%
(Armitage, Berry & Matthews, 2013; Gonen & Heller, 2005; Schoenfeld, 1982). The
combination of the two indices demonstrates that the model is both solid and consistent for
adjusting the prediction for risk of death in the pre- and post-KT assessment up to one year.

The survival trajectory curve and the survival coefficient of the CKD-T showed a
smooth slope in five years. This fact generated a discrete injector function in the codomain
(CKD-T who died). As a result, there was both a reduction in MR and in the absolute number
of deaths. However, Cox modelling combined with Harrell’s C index and Gonen & Heller's
K-concordance coefficient helped to correct biases related to deaths and counterbalance the

limitations of the Kaplan-Meyer curve analysis.

5. Final Considerations

A five-year probability of survival rate of 93% was identified among chronic kidney
disease transplant recipients. The composition of covariates related to worst probability of
survival was demonstrated using Cox's modelling: decline in eGFR >5 mL/min/1.73m?/year,
ICU up to six months post-KT, pre-KT obesity, FBG > 126 mg/dL (> 6.99 mmol/L) or
NODAT. Rapid decline in eGFR reduces substantially the survival probability in these
population.

In addition, to improving the knowledge of transplantation, we will also have the
introduction of techniques and artificial intelligence and data validation using machine
learning techniques. Several studies are using regression robots and techniques with complex
algorithms to predict kidney allograft graft failure and the patient's risk of death. The
tendency is for the biomedical context to appropriate the new knowledge of “Big Data” and

computer science for the benefit of kidney-recipients.
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