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ABSTRACT 

Background 

 Chronic low grade inflammation is involved in chronic transplant dysfunction (CTD) 

after renal transplantation. Procalcitonin (PCT), known to reflect microbial inflammation, 

may also reflect ongoing non-infectious chronic low-grade inflammation in organ 

parenchyma, including transplanted kidneys. We aimed to compare predictive 

performance of plasma PCT for development of graft failure in renal transplant recipients 

(RTR) with that of high-sensitivity C-reactive protein (hsCRP), an established marker of 

systemic chronic low-grade inflammation. 

Methods 

 We included 575 RTR with functioning grafts for ≥1 year at a median [interquartile 

range] time of 6.1 [2.9-11.7] years post-transplant. PCT was determined using an ultra-

sensitive immunoluminometric assay and hsCRP using high-sensitivity ELISA.  

Results 

 Median [interquartile range] plasma PCT and hsCRP concentrations were 0.023 

[0.017-0.036] ng/mL and 2.1 [0.8-4.9] mg/L, respectively. After a median [interquartile 

range] of 5.2 [4.5-5.7] years of follow-up, incidence of graft failure was 0.5%, 2.6% and 

18.5% according to increasing PCT tertiles (P<0.001 by log-rank test). Area under the curve 

of receiver operating characteristic analysis of PCT for prediction of graft failure was 

significantly higher than that of hsCRP (0.84 vs 0.56, P<0.001). After adjustment for 

potential confounders, PCT remained an independent predictor of graft failure [HR=2.1 

(95%CI 1.4-3.2) per doubling PCT, P=0.0006], whereas this was not the case for hsCRP. 

Conclusion 

 We identified plasma PCT as a strong and independent predictor of graft failure in 

RTR. These data suggest that PCT in RTR reflects ongoing inflammation in parenchyma of 

transplanted kidneys. Further studies are required to investigate whether PCT could be of 

use as an early biomarker for CTD.  
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INTRODUCTION 

 Chronic low-grade inflammation is involved in progressive organ dysfunction in 

several conditions, including atherosclerosis and diabetic end organ damage.
1,2

 In solid 

organ transplantation, it is likely to be involved in chronic transplant dysfunction (CTD) 

ultimately leading to graft failure.
3,4

 In renal transplantation, CTD is a main cause of late 

graft failure.
3
 Despite  steady improvement of one-year graft survival, from approximately 

40% in the 1970’s to more than 90% nowadays,
5
 approximately half of all cadaveric renal 

allografts are still lost within 10-12 years after transplantation.
6
 Besides creatinine 

clearance and proteinuria there are, currently, no good biomarkers to establish presence 

of CTD and to predict the development of graft failure.
7
 Biomarkers reflecting ongoing 

chronic low-grade inflammation could be good candidates. 

 Procalcitonin (PCT) is best known from its potential utility as a biomarker for severe 

systemic inflammation, infection and sepsis.
8-10

 Non-neuroendocrine parenchymal cells 

throughout the body (e.g. lung, liver, kidney, fat, muscle, stomach) are the principal 

source of circulating PCT during marked systemic inflammatory conditions.
10-12

 In these 

conditions, hyperprocalcitonaemia often reaches high values in 8-24h, and then persists as 

long as the inflammatory process continues (i.e. weeks).
10

 It is not known whether low 

steady-state concentrations of PCT under non-infectious conditions are related to chronic 

low-grade inflammation. Currently, circulating steady-state concentrations of C-reactive 

protein (CRP), determined by high sensitivity assays (hsCRP), are commonly used as 

biomarker for chronic low-grade inflammation.
13

 

 We aimed to investigate whether steady-state concentrations of PCT in RTR are 

associated with concentrations of hsCRP and to compare predictive performance of PCT 

and hsCRP for development of graft failure in renal transplant recipients (RTR). As a 

secondary objective, we aimed to investigate whether PCT is an independent predictor of 

mortality.  

 

MATERIALS AND METHODS 

Research design and subject 

 In this prospective cohort study, all renal transplant recipients who visited our out-

patient clinic between August 2001 and July 2003 and had a functioning graft for at least 1 

year were eligible to participate at their next visit to the out-patient clinic. Baseline visits 

were postponed until symptoms had resolved in patients with fever or other signs of 

infection (e.g. complaints of upper respiratory tract infection or urinary tract infection). 

Patients diagnosed with cancer other than cured skin cancer were not considered eligible 

for the study. A total of 606 renal transplant recipients signed written informed consent, 

from an eligible 847 (72% consent rate). PCT concentration was determined in 577 RTR. 

Two RTR were considered extreme outliers regarding the PCT concentration and were 
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therefore excluded from analyses, leaving 575 RTR for analyses. Further details of this 

study have been published previously.
14-17

 The Institutional Review Board approved the 

study protocol (METc 01/039) which was in adherence to the Declaration of Helsinki.  

 

Outcome events 

 All participating subjects visited the out-patient clinic at least once a year. Information 

on mortality and graft failure was recorded by our renal transplant center and through 

close collaboration with general practitioners as well as referring nephrologists. Graft 

failure was defined as return to dialysis or re-transplantation and was censored for death. 

Graft failure and mortality of all RTR were recorded until August 2007. There was no loss 

to follow-up. 

 

Renal transplant characteristics  

 Relevant transplant characteristics were taken from the Groningen Renal Transplant 

Database. This database holds information on all renal transplantations performed at our 

center since 1968, including dialysis history. Standard immunosuppressive treatment 

consisted of the following: from 1968 until 1989 prednisolone and azathioprine (100 

mg/d); from January 1989 to February 1993, cyclosporine standard formulation 

(Sandimmune, Novartis Pharma B.V., Arnhem, The Netherlands; 10 mg/kg; trough-levels 

of 175 - 200 μg/L in first 3 months, 150 μg/L between 3 and 12 months posttransplant, 

and 100 μg/L thereafter) and prednisolone (starting with 20 mg/d, rapidly tapered to 10 

mg/d). From March 1993 until May 1996, cyclosporine microemulsion (Neoral, Novartis 

Pharma B.V., Arnhem, The Netherlands; 10 mg/kg, trough-levels idem) and prednisolone. 

From May 1997 to data, mycophenolate mofetil (Cellcept, Roche B.V., Woerden, The 

Netherlands; 2 g/day) was added from May 1997 to date.
15

 Current medication was 

extracted from the medical record. Body mass index (BMI), waist circumference, body 

surface area (BSA), and blood pressure were measured as described previously.
14-17

 

Smoking status and cardiovascular history were recorded with a self-report questionnaire. 

Cardiovascular disease history was considered positive if there was a previous myocardial 

infarction (MI), transient ischemic attack (TIA) or cerebrovascular accident (CVA). 

 

Laboratory measurements 

 EDTA-blood was drawn after an 8-12h overnight fasting period. PCT analyses were 

performed using an ultra-sensitive immunoluminometric assay (BRAHMS PCT sensitive 

LIA; BRAHMS Aktiengesellschaft, Hennigsdorf, Germany).
18

 The assay had a functional 

sensitivity at 7 pg/mL, which is below the median of the normal range, and had an inter-

assay coefficient of variation of 8% at 30 pg/mL. Concentrations of hsCRP were 

determined using in-house enzyme-linked immunosorbent assays as described before,
19

 

the lowest limit of detection was 0.002 mg/l. Plasma creatinine concentrations were 
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determined using a modified version of the Jaffé method (MEGA AU 510, Merck 

Diagnostic, Darmstadt, Germany). Plasma total cholesterol, HDL cholesterol, triglycerides, 

and urinary protein excretion were assessed as described previously.
15

 Proteinuria was 

defined as urinary protein excretion ≥0.5 g/24 hr. We used Homeostasis Model 

Assessment (HOMA) and fasting insulin concentrations as validated measures of insulin 

resistance
20-22

. HOMA was calculated as glucose [mmol/L] x insulin [μU/mL] / 22.5.
20,21

 

 

Statistical analysis 

 Analyses were performed with SPSS version 14.0 (SPSS Inc., Chicago, IL) and Sigma 

Plot version 10 (Systat software Inc., Germany). Parametric parameters are given as 

means ± standard deviation (SD), whereas non-parametric parameters are given as 

median [interquartile range]. Hazard ratio’s (HR) are reported with [95% confidence 

interval (CI)]. A two-sided P-value <0.05 was considered to indicate statistical significance.  

 First, in order to investigate which recipient or transplanted-kidney related 

characteristics were associated with PCT concentrations, we analysed these factors using 

linear regression analyses with log PCT concentration as dependent variable. Relations of 

PCT with hsCRP, creatinine clearance and proteinuria were displayed in scatter-plots with 

curve-fit analyses. Independent associations with PCT were established using backward 

linear regression analysis. Creatinine clearance, urinary protein excretion and time 

between transplantation and inclusion date were forced into the model to adjust for the 

fact that recipients at inclusion started with different allograft function and at different 

time points after transplantation. Additional characteristics were included if P-value was 

<0.05 in univariate linear regression analyses. These variables were not retained in the 

final model if P>0.10. 

 The predictive performance of plasma concentrations of PCT for graft failure and 

mortality was determined by generating receiver operating characteristic (ROC) curves. 

The area under the curve (AUC) was calculated to compare the predictive performance of 

PCT, hsCRP, proteinuria, and creatinine clearance for graft failure and PCT and hsCRP for 

mortality. Statistical differences between AUC’s were compared nonparametrically by the 

method of DeLong et al.
23

 

 In time to event analyses, we first investigated PCT concentrations as potential 

predictor of graft failure and mortality using Kaplan-Meier analyses. For these analyses we 

used sex stratified tertiles of PCT, because the percentages of men and women were not 

equally divided amongst the tertiles of PCT (1
st

 tertile: 41% women and 24% men; 2
nd

 

tertile: 31% women and 37% men; 3
rd

 tertile: 28% women and 39% men). Second, we 

performed univariate and multivariate Cox regression analyses. PCT concentration was 

entered in the regression analyses as 
2
log transformed variable, thus the HR indicates the 

risk per doubling of PCT concentration. We adjusted for creatinine clearance, proteinuria, 
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and time between transplantation and inclusion date (Model 2), for recipient age and sex 

(Model 3), and finally for independent associates of PCT (Model 4). Secondary analyses 

were performed (1) with additional exclusion of RTR with hsCRP concentrations higher 

than 10 mg/L and (2) in nonproteinuric RTR alone. 

 
RESULTS 

 A total of 575 RTR (54% male, aged 51.7±12.0 years, 84% cadaveric transplants) were 

analyzed. Median time between transplantation and baseline measurements was 6.1 [2.9-

11.7] years. Median PCT concentration was 0.023 [0.017-0.036] ng/mL. Recipient-related 

and transplant-related baseline characteristics and results of univariate linear regression 

analyses with log PCT concentration as independent variable are shown in table 1. Of 

recipient-related baseline characteristics, male gender, waist circumference, current 

smoking, diastolic blood pressure, use of antihypertensive medication, fasting 

triglycerides, fasting insulin concentrations and hsCRP had significant positive associations 

with PCT, while HDL-cholesterol had a significant inverse association. Of transplanted 

kidney-related characteristics, donor age, serum creatinine, urinary proteinuria excretion, 

history of acute rejection and prednisolone dose had significant positive associations with 

PCT, while creatinine clearance had a significant inverse association. 
 
Table 1. Recipient-related characteristics and results of univariate linear regression analyses with log 

PCT concentration as dependent variable. 
  Log PCT 

  Standardized β P-value 

Recipient demographics    

Age (years) 51.7 ± 12.0 0.005 0.90 

Male gender, n (%) 310 (54) 0.199 <0.0001 

Body composition measurements    

BMI (kg/m
2
) 26.1 ± 4.3 0.071 0.09 

Waist circumference (cm) 97.3 ± 13.8 0.197 <0.0001 

Smoking, n (%) 125 (22) 0.085 0.04 

Blood pressure    

Systolic pressure (mmHg) 152.9 ± 22.9 0.110 0.08 

Diastolic pressure (mmHg) 89.8 ± 9.9 0.086 0.04 

Use of ACE-inhibitor or AII-antagonist, n (%) 200 (35) 0.036 0.39 

Use of β-blocker, n (%) 354 (62) -0.007 0.87 

Number of antihypertensives 2.0 [1.0-3.0] 0.110 0.009 

Prior history of cardiovascular disease    

MI
a
, n (%) 47 (8) 0.021 0.62 

TIA/CVA
b
, n (%) 32 (6) 0.006 0.90 

Lipids    

Total cholesterol (mmol/L) 5.6 [4.9-6.2] -0.048 0.26 

LDL (mmol/L) 3.5 [2.9-4.1] -0.076 0.07 

HDL (mmol/L) 1.1 [0.9-1.3] -0.306 <0.0001 

Triglycerides (mmol/L) 1.9 [1.4-2.7] 0.244 <0.0001 

Use of statin at index, n (%) 292 (51) 0.002 0.97 
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Table 1. Continued. 
  Log PCT 

  Standardized β P-value 

Diabetes    

Glucose (mmol/L) 4.6 [4.1-5.0] 0.066 0.11 

Insulin (µmol/L) 11.1 [7.9-16.3] 0.084 0.04 

Homeaostasis Model Assessment 2.3 [1.6-3.6] 0.079 0.06 

Diabetes after transplantation, n (%) 106 (18) 0.020 0.63 

Use of antidiabetic drugs (%) 79 (14) -0.015 0.71 

hsCRP (mg/L) 2.1 [0.8-4.9] 0.360 <0.0001 

    

Donor demographics    

Age (years) 36.9 ± 15.5 0.209 <0.0001 

Male gender, n (%) 316 (55) -0.050 0.23 

Renal allograft function     

Serum creatinine concentration (μmol/L) 134 [112-167] 0.537 <0.0001 

Creatinine clearance (mL/min) 61.5 ± 22.3 -0.396 <0.0001 

Urinary proteinuria excretion (g/24hr) 0.2 [0.0-0.5] 0.082 <0.05 

Proteinuria, n (%) 164 (29) 0.250 <0.0001 

Primary renal disease, n (%)    

Primary glomerular disease 159 (28) 0.003 0.95 

Glomerulonephritis 34 (6) -0.067 0.11 

Tubular interstitial disease 91 (16) -0.006 0.89 

Polycystic renal disease 100 (17) 0.092 0.03 

Dysplasia and hypoplasia 20 (3) -0.016 0.70 

Renovascular disease 32 (6) -0.025 0.55 

Diabetes mellitus 22 (4) -0.037 0.38 

Other or unknown cause 117 (20) -0.005 0.90 

Prior dialysis modality, n (%)    

None 47 (8) 0.037 0.37 

Hemodialysis 309 (54) -0.016 0.71 

Peritoneal dialysis (CAPD) 219 (38) -0.005 0.91 

Prior dialysis duration (mo) 27 [13-48] -0.023 0.58 

Transplantation type, n (%)    

Postmortem donor 481 (84) -0.017 0.68 

Living donor 76 (13) 0.021 0.62 

Combined transplantation 18 (3) -0.004 0.92 

Number of previous transplants, n (%)    

1 or more 60 (10) 0.047 0.26 

Ischemia times    

Cold ischemia times (hr) 22.0 [15.0-27.0] -0.062 0.14 

Warm ischemia times (min) 35.0 [30.0-45.0] -0.001 0.99 

Delayed graft function (days of oliguria) 0.0 [0.0-0.0] 0.042 0.32 

HLA mismatches, n    

HLA-AB 1.3 ± 1.1 0.046 0.27 

HLA-DR 0.4 ± 0.6 -0.013 0.76 

Acute rejection, n (%) 256 (45) 0.091 0.03 

Acute rejection treatment, n (%)    

High doses corticosteroids 182 (32) 0.041 0.33 

Antilymphocyte antibodies 74 (13) 0.078 0.06 

Immunosuppresion    

Prednisolone dose, (mg/day) 10.0 [7.5-10.0] 0.111 0.008 

Calcineurine inhibitor, n (%) 449 (78) -0.077 0.06 

Proliferation inhibitor, n (%)    

None 152 (27) -0.005 0.91 

(a) MI: myocardial infarction, (b) TIA: transient ischemic attack, CVA: cerebrovascular accident. 
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 Median hsCRP concentration was 2.1 [0.8-4.9] mg/L. The cross-sectional association 

of PCT with hsCRP is shown in figure 1a. Cross-sectional associations of PCT with creatinine 

clearance and proteinuria are shown in figures 1b and 1c respectively. 

 

 

 

 

 

 

 

 

 

 
Figure 1. Scatter-plots of PCT concentrations versus (a) hsCRP concentrations, (b) creatinine 

clearance, and (c) proteinuria. The association of PCT with hsCRP best fitted a quadratic model 

(Log(PCT)=-1.65+0.12*log(hsCRP)+0.07*(Log(hsCRP))
2
, P<0.0001). The association of PCT with 

creatinine clearance best fitted a logarithmic model (Log(PCT)=-0.46-0.28*(Ln(creatinine clearance)), 

P<0.0001). The association of PCT with proteinuria best fitted a linear model (Log(PCT)=-

1.49+0.20*Log(proteinuria), P<0.0001). 

 

 To investigate whether hsCRP is independently related to PCT, we performed a 

backward linear regression analysis with 

log PCT concentration as dependent 

variable and all characteristics which were 

significantly associated with 

concentrations of PCT in univariate 

analyses (see table 1) as independent 

variables. From this analysis, it appeared 

that hsCRP, creatinine clearance, recipient 

gender, urinary protein excretion, HDL-

cholesterol, triglycerides and donor age were independently related to PCT (table 2). 

 Median follow up beyond baseline was 5.2 [4.5-5.7] years for graft failure and 5.3 

[4.7-5.7] years for mortality. During this prospective follow up, 41 (7%) RTR experienced 

graft failure and 91 (16%) RTR died. Median concentrations of PCT at inclusion were 

significantly higher in RTR who developed graft failure than in RTR who did not develop 

graft failure (0.046 [0.035-0.078] ng/mL versus 0.023 [0.017-0.034] ng/mL, P<0.0001). RTR 

who died during follow-up had significantly higher concentrations of PCT at inclusion than 

RTR who survived during follow up (0.032 [0.021-0.055] ng/mL versus 0.022 [0.017-0.034] 

ng/mL, P<0.0001). In contrast, hsCRP concentrations at inclusion were not significantly 

higher in RTR who developed graft failure than in those who did not experience graft 

Table 2. Variables retained in backward linear 

regression analysis. 
Variable Standardized Beta 

hsCRP concentration 0.30 

Creatinine clearance -0.29 

Recipient gender 0.21 

Urinary protein excretion 0.19 

HDL concentration -0.13 

Donor age 0.09 

Triglyceride concentration 0.08 

R
2
=0.39 
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failure (2.43 [1.18-8.04] mg/L versus 2.06 [0.81-4.87] mg/L, P=0.2). However, hsCRP 

concentrations in RTR who died were significantly higher than in those who survived 

during follow up (3.49 [1.38-8.91] mg/L versus 1.89 [0.74-4.38] mg/L, P<0.0001). 

 According to sex-stratified tertiles of PCT (with each tertile consisting for 54% of men 

and 46% of women), incidence of graft failure during follow-up was 1 out of 196 (0.5%) for 

the lowest tertile (consisting of 106 men and 90 women), whereas this was 5 out of 190 

(2.6%) and 35 out of 189 (18.5%) for the middle (consisting of 102 men and 88 women) 

and highest (consisting of 102 men and 87 women) tertiles respectively (P<0.0001 by log-

rank test, figure 2a). These numbers were 15 (7.7%), 32 (16.8%), and 44 (23.3%) 

respectively for incidence of mortality according to increasing sex-stratified tertiles of PCT 

(P=0.0001 by log-rank test, figure 2b).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Kaplan Meier curves for (a) graft survival and (b) recipient survival in sex stratified tertiles 

of PCT. 

 

 ROC curve analysis of the prediction of graft failure by PCT revealed a mean (SE) AUC 

of 0.84 (0.03). This was significantly higher than the AUC of hsCRP (0.56 (0.04), P<0.0001, 

figure 3a) and similar to that of proteinuria (0.80 (0.04), P=0.4) and creatinine clearance 

(0.86 (0.03), P=0.6). ROC analysis of the prediction of mortality revealed an AUC of 0.66 

(0.03) for PCT, which was similar to the AUC of 0.63 (0.03) for hsCRP for prediction of 

mortality (P=0.5 for difference, figure 3b). 

 With significant associations in cross-sectional analyses and similar predictive 

properties in univariate prospective analyses, it is an important question whether PCT is 

an independent predictor of graft failure (and mortality) in multivariate analyses. Results 
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of univariate and multivariate Cox regression analyses for late graft failure and mortality in 

RTR are shown in table 3. In univariate analyses, each doubling of PCT was significantly 

associated with a 3-fold [95%CI 2.3-3.9] increase in risk for graft failure and a 1.6-fold 

[95%CI 1.3-2.0] increase in risk for mortality. If creatinine clearance, urinary protein 

excretion and time between transplantation date and inclusion date were taken into 

account for prediction of graft failure, the independent contribution of PCT decreased, but 

remained highly significant  (HR=1.8 [95%CI 1.3-2.6] per doubling in PCT, P=0.001, table 3, 

Model 2). The same was true after further adjustment for recipient age and sex (HR=1.7 

[95%CI 1.2-2.5] per doubling PCT, P=0.003, table 3, Model 3). Additional adjustment for 

other factors independently related to PCT, including hsCRP, did not weaken the 

independent prediction of graft failure by PCT (HR=2.1 [95%CI 1.4-3.2] per doubling PCT, 

P=0.0006, table 3, Model 4). Further adjustment for BMI, smoking status and HOMA did 

not materially affect the association (HR=2.3 [95%CI [1.5-3.7] per doubling PCT, P=0.0004, 

table 3, Model 5]. Inclusion of waist circumference instead of BMI in the model did also 

not materially affect prediction of graft failure (HR 2.4 [95%CI 1.5-3.8], P=0.0004) by PCT. 

The same was true for inclusion of fasting insulin instead of HOMA in the model for 

prediction of graft failure (HR 2.3 [95%CI 1.5-3.7], P=0.0004).  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.  ROC Curves for PCT and hsCRP with respect to (a) graft failure and (b) mortality. 

 

 After adjustment for creatinine clearance, urinary protein excretion and time 

between transplantation date and inclusion date, the independent contribution of PCT to 

prediction of mortality decreased and remained only borderline significant (table 3, Model 

2). If other variables, including hsCRP were take into account, the association of PCT with 

mortality was not further weakened (HR=1.4 [95%CI 1.0-1.9] per doubling PCT, P=0.05, 

table 3, Model 5). 
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Table 3. Univariate and multivariate Cox regression analyses for prediction of graft failure and 

mortality in RTR. 
 Late graft failure  Mortality 

 HR  [95% CI] P  HR [95% CI] P 

Model 1 3.0 [2.3-3.9] <0.0001  1.6 [1.3-2.0] <0.0001 

Model 2 1.8 [1.3-2.6] 0.001  1.3 [1.0-1.6] 0.07 

Model 3 1.7 [1.2-2.5] 0.003  1.4 [1.1-1.9] 0.01 

Model 4 2.1 [1.4-3.2] 0.0006  1.4 [1.0-1.9] 0.04 

Model 5 2.3 [1.5-3.7] 0.0004  1.4 [1.0-1.9] 0.05 

PCT was entered in the regression analyses as 
2
log transformed variable in all analyses. 

Model 1: Crude model 

Model 2: Model 1 + adjustments for creatinine clearance, urinary protein excretion, and time 

between transplantation date and inclusion date.  

Model 3: Model 2 + adjustments for recipient age and sex. 

Model 4: Model 3 + adjustments for other factors independently related to PCT. 

Model 5:  Model 4 + adjustments for BMI, smoking, and insulin resistance by Homeostasis Model 

Assessment. 

 

 As secondary analyses, we repeated the analyses for prediction of graft failure by PCT 

after exclusion of RTR with hsCRP concentrations >10mg/L (n=507). This did not affect 

results of analyses, with HR=3.2 [95%CI 2.4-4.4] per doubling in PCT (P<0.0001) in the 

crude, univariate Cox-regression analysis and HR=2.1 [95%CI 1.3-3.3] per doubling in PCT 

(P=0.002) for the full multivariate analysis We also repeated the analyses for prediction of 

graft failure by PCT in the 411 RTR without proteinuria (urinary protein excretion <0.5 

g/24hr). This did also not affect results of analyses, with HR=2.6 [95%CI 1.6-4.2] per 

doubling in PCT (P=0.0002) in the crude, univariate Cox-regression analysis and HR=3.0 

[95%CI 1.4-6.8] per doubling in PCT (P=0.007) for the full multivariate analysis. This latter 

result is consistent with the notion that PCT would be of particular additive predictive 

value in RTR without proteinuria. 

 

DISCUSSION 

 This is the first study to investigate potential value of steady-state circulating PCT 

concentrations for prediction of graft failure in outpatient renal transplant recipients. We 

found strong predictive value of PCT in addition to already existing markers such as 

creatinine clearance and proteinuria. Only a small part of the predictive performance of 

PCT was explained by baseline correlations of PCT with these factors. To the best of our 

knowledge, there are no other markers than PCT that are so strongly predictive of graft 

failure that they equal the predictive value of creatinine clearance and proteinuria. 

Consistent with the suggestion of PCT being an inflammatory marker, we found a 

significant cross-sectional association with hsCRP, but predictive performance of PCT for 

graft failure (and mortality) was independent of hsCRP. Furthermore, we found PCT to be 

particularly strong as a predictor of graft failure independent of creatinine clearance and 
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other variables in RTR without proteinuria. All in all, our data suggest that PCT is a useful 

marker for non-microbial chronic low-grade inflammation in RTR.   

 In 1993, Assicot et al first described increased serum PCT concentrations in patients 

with sepsis and infection.
8
 Since then, numerous studies have confirmed this observation 

which has lead to the notion that PCT is a marker for infection and inflammation.
9,24

 PCT 

concentrations are very low in healthy subjects (<0.1 ng/ml).
8,25

 In case of infection or 

sepsis PCT concentrations can increase rapidly up to >100 ng/mL.
25

 In experiments using 

animal models of sepsis, it was shown that PCT was produced in non-neuroendocrine 

parenchymal cells throughout the body (e.g. lung, liver, kidney, fat, muscle, stomach).
10-12

 

More recently, it has been found that it is activated macrophages in infected tissues that 

stimulate parenchymal cells (e.g. adipocytes) to produce and secrete PCT during 

sepsis.
12,26

 PCT is not only strongly increased in response to bacterial infections and sepsis, 

but also in response to severe inflammatory conditions, such as inhalation injury, burn 

injury, pancreatitis, mechanical trauma, extensive surgery and heatstroke, in which 

bacterial infection may be absent.
10

 There are only few studies that investigated PCT in 

RTR.
27-29

 The consistent finding of these studies that were performed in the early phase 

after transplantation, that monitoring for PCT could be helpful in differentiating between 

infection and acute rejection. In these studies, a PCT assay with low analytical sensitivity 

was used, not allowing for differentiation in plasma concentrations between subjects 

without marked systemic inflammatory responses.
10

 In contrast, we used an ultra sensitive 

assay with a functional sensitivity of 7 pg/mL. 

 In cross-sectional analyses, we found significant independent associations of PCT with 

hsCRP, creatinine clearance, urinary protein excretion, recipient gender, HDL-cholesterol 

and triglycerides and donor age. There are several possible mechanisms underlying these 

associations. Adipocytes have been shown to secrete PCT after stimulation by activated 

macrophages.
12,26

 The results of several studies suggest that macrophages in adipose 

tissue play an important role in the relation of obesity with chronic low-grade 

inflammation characterized by elevated levels of inflammatory markers, including 

hsCRP,
15,30

 and possibly also PCT. A role for adiposity and insulin resistance would also 

explain the independent association of PCT with dyslipidemia that we found. 

 The most important finding in this study is the independent association of PCT 

concentrations in RTR with future development of graft failure late after transplantation. 

There are two potential explanations for this association. First, relatively high 

concentrations of PCT might reflect ongoing intrarenal alloreactivity with ongoing chronic 

low-grade intrarenal inflammation and progressive damage, ultimately leading to graft 

failure.
4
 Either stimulated parenchymal cells of the kidney themselves could release PCT 

into the circulation in response to this ongoing inflammation or release of cytokines from 

kidney tissue into the circulation could induce increased chronic low-grade production and 

release into the circulation of PCT by other tissues, possibly including adipose tissue.
9,10
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Second, the mechanism linking increased PCT concentration to graft failure may lie in 

proteinuria. One of the hallmarks of proteinuric renal disease is infiltration of renal 

interstitial tissue by activated macrophages.
31-33

 Using adipocytes as a model for 

parenchymal cells of all kinds of tissues, it was recently demonstrated that it was recently 

demonstrated that parenchymal cells secrete PCT in response to stimulation by activated 

macrophages.
10,12,26

 Thus, our finding of high circulating PCT concentrations to predict 

graft failure may be a reflection of release of PCT into the circulation by renal parenchymal 

cells in response to renal macrophage infiltration and activation in relation to proteinuria. 

Importantly, however, in our secondary analyses, we found PCT to be particularly 

predictive for development of graft failure in RTR without proteinuria. One possibility is 

that the cascade with macrophage activation and interstitial inflammation is already fully 

activated when the amount of protein in urine is still below the upper limit of the 

reabsorption capacity of the tubular epithelial cells. There is recent evidence that much 

more protein is filtered than has previously been thought and that active processing by 

tubular epithelial cells prevents it from appearing in urine.
34,35

 The concentration of PCT 

will then already be elevated in RTR when proteinuria is not yet detectable. This leads to 

the hypothesis that PCT is not only a biomarker for the existence of proteinuria, but could 

also be an early marker for a tendency for development of proteinuria. The other 

explanation would be that PCT is an earlier and more sensitive marker for ongoing chronic 

low-grade renal inflammation than proteinuria, possibly related to chronic ongoing allo-

reactivity, for which currently no good biomarkers are available. Because development of 

proteinuria is a late and mostly irreversible manifestation, it would be of great value for 

clinical practice if future studies would find that this supposition is true. It has to be 

emphasized that variation in PCT concentration range found to be relevant for prediction 

of graft failure in our study was well below 0.1 ng/mL, which is considered as cut-off value 

for the presence of an infection.
25

 The reported PCT concentrations can therefore only be 

measured using an ultra sensitive assay. 

 Although PCT was independently associated with both graft failure and mortality, the 

predictive performance of PCT for graft failure was superior to the predictive performance 

of PCT for mortality. Furthermore, hsCRP was not a predictor for graft failure, while the 

predictive performances of PCT and hsCRP for mortality were similar. This observation is 

interesting, because it suggests different mechanisms underlying the association of PCT 

and hsCRP with outcomes. The prototypical acute phase reactant marker of inflammation, 

hsCRP, is synthesized predominantly by hepatocytes under the control of interleukin-6 (IL-

6) and other inflammatory cytokines.
36

 PCT, on the other hand, can be produced locally by 

parenchymal cells in various tissues after stimulation by activated macrophages.
10,12,26

 The 

finding that PCT and hsCRP have different predicting performance for graft failure and 

mortality is consistent with the notion that PCT in RTR could be produced locally by 

inflamed renal tissue or by other tissues in response to cytokines released by renal tissue, 
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while hsCRP is more a marker for processes related to systemic chronic low-grade 

inflammation, such as atherosclerosis.
36

 

 The present study has some limitations. Several studies have investigated the 

pathway of PCT elimination.
37-40

 Most studies conclude that renal clearance is one factor 

that contributes to removal of PCT from plasma. To account for renal function as a 

possible confounder in the association of PCT with development of graft failure and 

mortality, we adjusted the association of PCT for creatinine clearance at baseline in a 

multivariate Cox-regression analysis. Nevertheless, it can not be excluded that plasma PCT 

concentrations did not serve as a measure of chronic low-grade inflammation in our 

analyses, but as an alternative and additional measure of renal function. Yet, if this would 

be true, it would still be a valuable additional marker to be measured, because it appeared 

an independent predictor of graft failure (and mortality), in particular in patients without 

proteinuria. Markers that are equally predictive for outcome in the general RTR 

population as creatinine clearance and urinary protein excretion are rare and highly 

desired.
7
 Another limitation of our study is that we only measured PCT concentrations in 

baseline samples. Most epidemiological studies use a single baseline measurement to 

predict outcomes, which adversely affects predictive properties of variables associated 

with outcomes. If intra-individual variability of predictive biomarkers is taken into account, 

this results in strengthening of predictive properties that – despite sometimes 

considerable intra-individual variation day-to-day variation – also existed for single 

measurements of these biomarkers.
41,42

 The higher the intra-individual day-to-day 

variation would be, the greater one would expect the benefit of repeated measurement 

for prediction of outcomes.
41,42

 The day-to-day variation of PCT in RTR is not known, but it 

could be considerable. The estimated 50% plasma disappearance rate of t½ of PCT in the 

plasma is approximately 18-24hr.
39,43

 Despite the relatively short half-life of PCT, we found 

an increased serum PCT, within the normal range, to be a strong and independent 

predictor of late graft failure and to a lesser extent of mortality. This is consistent with the 

notion that variation at a certain time point between renal transplant recipients in plasma 

PCT concentrations within the normal range reflects steady-state concentrations 

associated with variation in chronic disease processes that ultimately lead to events 

distant from the time point that the plasma concentration was measured. Further, the 

present study is a single center study and the predictive value of PCT needs to be 

confirmed in other centra and/or multicenter studies. Our study includes RTR that were 

transplanted in multiple immunosuppressive eras. However, immunosuppressive therapy 

was not significantly associated with serum PCT and adjustment for immunosuppressive 

era in the multivariate analyses did not materially change the outcomes (data not shown). 

Furthermore, our study only includes stable RTR, relatively long-term after 

transplantation.  Future studies could investigate whether PCT, measured in the early post 

transplant period also predicts late graft failure and mortality. Currently the Banff schema 
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is currently used for the histologic diagnosis of rejection and is based on the histological 

findings in biopsies and is currently used for the histologic diagnosis of rejection.
44

 

However, we did not perform biopsies. It would have been very interesting if we could 

have stained histological sections for PCT. Apart from these limitations, our study has also 

an important strength in that follow-up was complete for all patients. 

 In conclusion, elevated plasma concentrations of PCT independently predict graft 

failure late after renal transplantation, in particular in RTR without proteinuria. Therefore, 

measurement of PCT in addition to creatinine clearance and proteinuria could be of 

clinical value, in particular if future studies would show that slightly elevated 

concentrations of PCT are indicative of chronic transplant dysfunction.  
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