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Background: Several preclinical urinary biomarkers have been qualified and accepted by 

the health authorities (US Food and Drug Administration, European Medicines Agency, and 

Pharmaceuticals and Medical Devices Agency) for detecting drug-induced kidney injury dur-

ing preclinical toxicologic testing. Validated human assays for many of these biomarkers have 

become commercially available, and this study was designed to characterize some of the novel 

clinical renal biomarkers. The objective of this study was to evaluate clinical renal biomarkers 

in a typical Phase I healthy volunteer population to determine confidence intervals (pilot refer-

ence intervals), intersubject and intrasubject variability, effects of food intake, effect of sex, 

and vendor assay comparisons.

Methods: Spot urine samples from 20 male and 19 female healthy volunteers collected on 

multiple days were analyzed using single analyte and multiplex assays. The following analytes 

were measured: α-1-microglobulin, β-2-microglobulin, calbindin, clusterin, connective tissue 

growth factor, creatinine, cystatin C, glutathione S-transferase-α, kidney injury marker-1, 

microalbumin, N-acetyl-β-(D) glucosaminidase, neutrophil gelatinase-associated lipocalin, 

osteopontin, Tamm-Horsfall urinary glycoprotein, tissue inhibitor of metalloproteinase 1, trefoil 

factor 3, and vascular endothelial growth factor.

Results: Confidence intervals were determined from the single analyte and multiplex assays. 

Intersubject and intrasubject variability ranged from 38% to 299% and from 29% to 82% for 

biomarker concentration, and from 24% to 331% and from 10% to 67% for biomarker concen-

tration normalized to creatinine, respectively. There was no major effect of food intake or sex.

Single analyte and multiplex assays correlated with r2$0.700 for five of six biomarkers when 

evaluating biomarker concentration, but for only two biomarkers when evaluating concentration 

normalized to creatinine.

Conclusion: Confidence intervals as well as intersubject and intrasubject variability were 

determined for novel clinical renal biomarkers/assays, which should be considered for evaluation 

in the next steps of the qualification process.
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Introduction
Drug-induced kidney injury (DIKI) is recognized to occur throughout the drug research 

and development process, with histology considered to be the gold standard for pre-

clinical screening. Routine laboratory tests for creatinine and blood urea nitrogen are 

used as biomarkers for DIKI, but are considered insensitive since more than 50% of 

functional kidney loss occurs prior to any significant biomarker change.1,2 This has led 

to the development of additional renal biomarkers, some of which have been qualified 

for detecting DIKI in the preclinical setting. Qualification of these biomarkers was 
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accomplished in a stepwise process involving biomarker 

candidate identification, assay validation, determining lev-

els in urine of naïve rats, and then qualification in rats after 

nephrotoxicant treatment.3–5 Each of these biomarkers was 

anchored to DIKI using histopathology by verifying the 

presence of the marker within the kidney as well as determin-

ing if biomarker expression was increased and/or staining 

loss was associated with DIKI.

In the clinical setting, DIKI is more difficult to detect, and 

reliance on changes in renal function through measurement 

of creatinine and blood urea nitrogen has been in routine 

standard use. However, measurement of serum creatinine and 

blood urea nitrogen is considered to be insensitive for clinical 

monitoring of DIKI.6,7 Unlike the preclinical setting, it is not 

typically possible to anchor a biomarker to histopathology, 

but clinical DIKI biomarker qualification still requires a 

stepwise process entailing candidate biomarker identification 

and assay validation, followed by a process of establishing 

confidence intervals (CIs, pilot reference intervals) and sub-

ject variability in healthy volunteers, patients with normal 

renal function treated with known nephrotoxicants, such as 

oncology patients treated with cisplatin, patients with specific 

underlying diseases for which a drug is being developed, and 

finally in patients with underlying renal disease.8

The initial step in identifying candidate renal biomark-

ers was based on biomarkers under investigation in the 

hospital setting for critically ill patients and translation of 

the qualified preclinical biomarkers.3,4,9–16 Human assays 

for many of these candidate biomarkers have become com-

mercially available and in this study we set out to charac-

terize such biomarkers in healthy volunteers. Table 1 lists 

the human biomarkers under characterization within this 

study, along with some preclinical and/or clinical rationale 

for inclusion.

The objective of this study was to characterize the renal 

biomarkers α-1-microglobulin (A1M), β-2-microglobulin 

(B2M), calbindin, clusterin, connective tissue growth fac-

tor (CTGF), cystatin C, glutathione S-transferase alpha 

(GSTα), kidney injury marker-1 (KIM-1), N-acetyl-β-(D) 

glucosaminidase (NAG), neutrophil gelatinase-associated 

lipocalin (NGAL), osteopontin, Tamm-Horsfall urinary 

glycoprotein (THP), tissue inhibitor of metalloproteinase 1 

(TIMP-1), trefoil factor 3 (TFF3), and vascular endothelial 

growth factor (VEGF) in a healthy volunteer population 

typical of that included in Phase I clinical trials in order to 

determine CIs (pilot reference intervals), intersubject and 

intrasubject variability, effect of food intake, effect of sex, 

and vendor assay comparisons.

Material and methods
Clinical study
The study was performed in accordance with the ethical prin-

ciples set out in the Declaration of Helsinki and Good Clinical 

Practice, approved by the appropriate internal review boards, 

and consisted of 20 males and 19 females aged 18–70 years. 

The inclusion criteria were similar to those for typical Phase 

I clinical studies: signed informed consent; body mass index 

18–30 kg/m2 (inclusive); healthy as judged by an acceptable 

medical record; acceptable laboratory values and vital signs 

(blood pressure and pulse rate); negative serum hepatitis B 

surface antigen, hepatitis C antibody and human immuno-

deficiency virus status; and a negative pregnancy test for 

female subjects of child-bearing potential.

Exclusion criteria consisted of: any clinically significant 

illness within 2 weeks; use of any prescription medication 

within 2 weeks or nonprescription medication (other than 

paracetamol) within one week; significant history of alcohol 

abuse or consumption greater than 28 units/week in males 

or 21 units in females, with one unit equaling a half-pint of 

beer, one glass of wine, or one measure of spirits; history of 

drug abuse or a positive drug abuse test; or involvement in 

another investigational medicinal project within 4 months.

Restrictions during the study included: no drinking alco-

hol for 48 hours prior to study initiation until conclusion of 

study; no exercise for 72 hours prior to study initiation until 

conclusion of study; no foods containing poppy seeds; must 

eat within 2 hours prior to urine collection on days 1 and 2; 

and no food or drink (except water) from midnight before 

morning samples on day 3 until after urine collection.

Prestudy and demographic measurements included date of 

birth, sex, ethnicity, body mass index, height, weight, medical 

status questionnaire, blood pressure, and pulse rate. At approxi-

mately 8 am on three consecutive days, spot urine was collected 

(up to 120 mL) and placed on ice as soon as possible after 

voiding. Up to 50 mL of urine was centrifuged at 2,000 × g at 

4°C for 10 minutes, the supernatant collected, a biotrin urine 

stabilizer added to the supernatant at a ratio of 1 to 4, with 

subsequent aliquoting into 1.5 mL labeled tubes and freezing 

at −80°C. Separate sample aliquots were sent to Pacific Bio-

markers (Seattle, WA, USA), Rules Based Medicine (Austin, 

TX, USA) and a central laboratory at AstraZeneca for analy-

sis. At the central laboratory, urine was thawed and analyzed 

using single analyte assays for creatinine, NAG, osmolality, 

potassium, sodium, and total protein. At Pacific Biomarkers, 

urine was thawed and evaluated using single analyte assays 

for B2M, creatinine, cystatin C, KIM-1, NAG, and NGAL. At 

Rules Based Medicine, urine was thawed and analyzed using 
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Table 1 Current status and rationale of biomarkers included in the current study

Parameter Preclinical Clinical

A1M Increased in AKI patients post cardiopulmonary bypass35

B2M Increased with gentamicin sulfate or cisplatin  
treatment in rats36

Increased with fumaric acid treatment for psoriasis37

Calbindin Increased with gentamicin sulfate treatment in rats36 
Increased with a triple reuptake inhibitor in monkeys38

Increased with cisplatin treatment34

Clusterin Increased with gentamicin sulfate, 2-bromoethylamine, 
or cisplatin treatment in rats36 
Increased with a triple reuptake inhibitor in monkeys38 
Increased with n-phenylanthranilic acid39 
Had a higher diagnostic value than BUN and serum 
creatinine40

CTGF Increased in diabetic rats41 Increased in diabetics with nephropathy and a small  
portion of diabetics without nephropathy41

Cystatin C Increased with gentamicin sulfate, 2-bromoethylamine, 
or cisplatin treatment in rats36 
Had a higher diagnostic value than BUN and serum 
creatinine40 
Increased with paraquat treatment42

Increased in patients with AKI compared with healthy 
volunteers33 
Predicted AKI in sepsis critically ill patients43

GSTα Increased with gentamicin sulfate, 2-bromoethylamine, 
or cisplatin treatment in rats36 
Increased with cisplatin treatment44

Increased in subjects treated with amphotericin B 
desoxycholate45

KIM-1 Increased with gentamicin sulfate, 2-bromoethylamine, 
or cisplatin treatment in rats36 
Increased with paraquat treatment42 
Increased with cisplatin treatment44

Increased in patients with AKI compared with healthy 
volunteers33

Microalbumin Increased with cisplatin treatment44 Increased in AKI patients post cardiopulmonary  
bypass35

NAG Increased with cisplatin treatment44 Increased in patients with AKI compared to healthy  
volunteers33 
Increased in AKI patients post cardiopulmonary  
bypass35

NGAL Increased with gentamicin sulfate, 2-bromoethylamine, 
or cisplatin treatment in rats36

Increased in patients with AKI compared with healthy 
volunteers33 
Increased in AKI patients post cardiopulmonary  
bypass35

Osteopontin Increased with gentamicin sulfate, 2-bromoethylamine, 
or cisplatin treatment in rats36 
Increased with cisplatin treatment44

Subjects with AKI had higher values than subjects 
without AKI46

THP Neonates with AKI had lower levels of THP  
(uromodulin)47

TIMP-1 Is higher in patient with renal disease than controls48

TFF3 Decreased in rats treated with cisplatin49 Higher levels may indicate ongoing repair in the  
kidney50

VEGF Increased in patients with AKI compared with healthy 
volunteers33

Abbreviations: A1M, alpha-1-microglobulin; AKI, acute kidney injury; B2M, β2-microglobulin; BUN, blood urea nitrogen; CTGF, connective tissue growth factor; GSTα, 
glutathione S-transferase alpha; KIM-1, kidney injury marker-1; NAG, N-acetyl-β-glucosaminidase; NGAL, neutrophil gelatinase-associated lipocalin; THP, Tamm-Horsfall 
urinary glycoprotein; TIMP-1, tissue inhibitor of metalloproteinase 1; TFF3, trefoil factor 3; VEGF, vascular endothelial growth factor.

multiplex assay(s) for A1M, B2M, calbindin, clusterin, CTGF, 

creatinine, cystatin C, GSTα, KIM-1, microalbumin, NGAL, 

osteopontin, THP, TIMP-1, TFF3, and VEGF.

At approximately 8 am on the days of urine collection, 

2.7  mL of blood was collected in a lithium-heparin anti-

coagulated tube, processed to obtain plasma, and frozen 

until analyzed. At the central laboratory, plasma was thawed 

and analyzed for creatinine, potassium, sodium, osmolality, 

and total protein.

Data analysis
Summary statistics were assessed for biomarkers in each corre-

sponding database (biomarker concentration and concentration 

normalized to creatinine). Robust regression, based on M esti-
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Table 2 Study demographics

Baseline characteristic Biomarker population 
(n=39)

Age (years)
  Mean, (SD) median 43.9 (12.37) 43
Body mass index (kg/m2)
  Mean (SD) 24.4 (2.65)
Sex, n (%)
  Female 19 (49)
  Male 20 (51)
Race
 N on-Hispanic Caucasian 38 (97.4)
  Other 1 (2.6)

Abbreviation: SD, standard deviation.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

230

Brott et al

mation,17 was utilized to examine potential trends across days 

(visits). Subsequently, potential outliers were identified and 

omitted in the summary statistics provided. A nonparametric 

approach using sample quantiles was used to calculate 95% CIs 

for each biomarker.18 In addition, the intersubject coefficient 

of variation (%CV) was calculated to assess the consistency of 

biomarker values across subjects, using samples collected on 

three consecutive days.19 Similarly, the intrasubject %CV was 

calculated to assess the consistency of each biomarker across 

visits (within each subject), using the samples collected on 

three consecutive days. P-values were adjusted for multiplic-

ity due to the number of biomarkers using the Benjamini and 

Hochberg false discovery rate method.20

Effect of sex was calculated using the t-test. P-values 

were adjusted for multiplicity due to the number of biomark-

ers using the Benjamini and Hochberg false discovery rate 

method.20 The coefficient of determination (r2) using only 

day 1 samples was determined by linear regression to assess 

the correlation between two assays for the same biomarker. 

All analyses were carried out using SAS® version 9.3 (SAS 

Inc, Cary, NC, USA).

Results
Demographics
Except for age and inclusion of women of child-bearing poten-

tial, routine healthy volunteer inclusion and exclusion criteria 

were used for this study, that included 19 female and 20 male 

subjects with mean values of 43.9 years and 24.4 kg/m2 for age 

and body mass index, respectively (Table 2). The ethnicity of 

38 of the 39 study subjects was Caucasian, while one subject 

was of mixed Caucasian/Arab ethnicity.

Summary statistics
Confidence intervals as well as intersubject and intrasubject 

variability were calculated for each of the biomarkers using 

the samples collected on days 1, 2, and 3 for routine plasma 

and urine kidney biomarkers (Table 3) and the urine biomark-

ers under characterization (Table 4).

Urinary biomarker analysis was evaluated using con-

centration as well as the concentration value normalized to 

creatinine. In many cases, normalization decreased inter-

subject and/or intrasubject variability, but in a few cases the 

variability was increased (eg, for CTGF and microalbumin). 

There was a wide range of intersubject variability, from 

38% to 299% for biomarker concentration values and 24% to 

331% for concentration normalized to creatinine. The intra-

subject variability ranged from 29% to 82% for biomarker 

concentration values and from 10.0% to 67% for concentra-

tion normalized to creatinine (Table 4).

Effect of food intake
The influence of fed versus fasted state was based on the 

subjects being fed (eating within 2 hours of blood/urine col-

lection) for the samples collected on days 1 and 2 and then 

fasted (not eating within approximately 8  hours) prior to 

sample collection on day 3. There were no significant differ-

ences (P.0.05) in any of the biomarker values between the 

fed and fasted states. The lack of a food intake effect supports 

combining the day 1, 2, and 3 data to calculate intersubject 

and intrasubject variability.

Effect of sex
Given that sex is known to influence reference intervals for 

the routine kidney biomarker creatinine, with male inter-

vals being higher than females, the urine biomarkers under 

characterization were evaluated for effect of sex (Table 5). 

There were two biomarkers under characterization in this 

study that did not have a sex influence using concentration 

or concentration normalized to creatinine, ie, microalbumin 

and TIMP-1. The biomarker A1M had an effect of sex using 

concentration but not when using concentration normalized 

to creatinine. Most biomarkers had higher values in males 

for concentration data and higher values in females for con-

centration normalized to creatinine data. Exceptions included 

GSTα, NGAL, and TFF3, which had higher values in females 

with both data sets, and calbindin, which had higher values 

in males with both data sets.

Assay correlations (single analyte  
versus multiplex assay)
It is also important to compare assays between vendors 

(Figure 1A). The three creatinine assays showed very good 

correlations (r2.0.98). In spite of the good creatinine 
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Table 3 Summary statistics of plasma and urine samples analyzed with routine kidney biomarkers in the current study

Parameter Plasma Urine

Confidence interval %CVinter/%CVintra Confidence interval %CVinter/%CVintra

Creatinine 73.5–112.5 μmol/L 11/6 1.09–12.46 mmol/L 73/38
Osmolality 287–307 mOs/kg 1/2 79.28–793.94 mOs/kg 60/37
Potassium 3.49–4.71 mmol/L 4/7 5.77–63.26 mmol/L 68/46
Sodium 140.6–145.4 mmol/L 1/2 10.97–99.41 mmol/L 78/42
Total protein 66.4–80.8 g/L 3/5 3.32–58.74 mg/L 147/56

Abbreviations: %CVinter, intersubject coefficient of variation; %CVintra, intrasubject coefficient of variation.

Table 4 Summary statistics of urine samples analyzed with renal biomarkers under characterization within the current study

Parameter Concentration Concentration normalized to creatinine

Confidence interval %CVinter/%CVintra Confidence interval %CVinter/%CVintra

Single analyte assays (central laboratory)
Creatinine 1.09–12.46 mmol/L 73/38 NC NC
NAG 0.05–2.24 U/L 117/62 NC NC
Single analyte assays (Pacific Biomarkers)
B2M 20–83 μg/L 50/29 0.04–0.15 μg/mg 43/29
Creatinine 0.06–1.29 mg/mL 74/44 NC NC
Cystatin C 0.003–0.042 mg/L 68/40 21.3–77.2 ng/mg 33/10
KIM-1 15–249 pg/mL 65/43 50.3–539.7 pg/mg 50/17
NAG 0.34–2.4 U/L 62/37 0.001–0.003 U/mg 32/17
NGAL 0.3–150.3 ng/mL 299/50 1.9–580.3 ng/mg 325/38
Multiplex assays (Rules Based Medicine)
A1M 0.12–3.00 μg/mL 109/43 0.45–4.58 μg/mg 63/23
B2M 0.01–0.09 μg/mL 51/43 0.03–0.18 μg/mg 40/21
Calbindin 0.31–114.0 ng/mL 158/82 1.6–133.3 ng/mg 107/60
Clusterin 0.00–0.07 μg/mL 74/54 0.01–0.15 μg/mg 75/24
CTGF 0.20–1.00 ng/mL 41/33 0.19–2.08 ng/mg 58/32
Creatinine 9.9–144.0 mg/dL 58/40 NC NC
Cystatin-C 3.2–75.0 ng/mL 65/50 17.5–70.4 ng/mg 27/19
GSTα 1.1–64.0 ng/mL 78/61 1.8–169.0 ng/mg 94/56
KIM-1 0.05–0.48 ng/mL 49/39 0.11–0.90 ng/mg 42/15
Microalbumin 0.4–62.0 μg/mL 260/47 1.9–258.3 μg/mg 331/33
NGAL 3–254 ng/mL 233/48 6.4–271.2 ng/mg 264/45
Osteopontin 66–1,230 ng/mL 66/50 236–1,459 ng/mg 36/18
THP 0.23–1.90 μg/mL 38/40 0.75–4.17 μg/mg 38/20
TIMP-1 0.3–10.0 ng/mL 108/72 0.34–13.09 ng/mg 114/67
TFF3 0.03–3.10 μg/mL 205/43 0.09–9.06 μg/mg 230/32
VEGF 105–879 pg/mL 52/35 456–1,286 pg/mg 24/15

Abbreviations: NC, not calculated; A1M, alpha-1-microglobulin; B2M, β-2-microglobulin; CTGF, connective tissue growth factor; GSTα, glutathione S-transferase alpha; 
KIM-1, kidney injury marker-1; NAG, N-acetyl-β-glucosaminidase; NGAL, neutrophil gelatinase-associated lipocalin; THP, Tamm-Horsfall urinary glycoprotein; TIMP-1, tissue 
inhibitor of metalloproteinase 1; TFF3, trefoil factor 3; VEGF, vascular endothelial growth factor; %CVinter, intersubject coefficient of variation; %CVintra, intrasubject coefficient 
of variation.

normalized to creatinine. Plots of each of the biomarkers that 

had correlations of r2$0.700 are shown in Figure 1B–I.

Discussion
Safety biomarker qualification for clinical drug develop-

ment is a fit-for-purpose, stepwise process from candidate 

biomarker identification to acceptance by health authori-

ties.8 This study was designed to address several questions 

within the early healthy volunteer qualification step by  

characterizing the candidate clinical DIKI biomarkers in a 

correlations, the other biomarkers had better correlation 

when comparing concentration values rather than concen-

tration normalized to creatinine. The single analyte NAG 

assays had a raw value correlation of r2$0.700 with con-

centration data, but the correlation was only r2=0.224 with 

creatinine-normalized data. Assay comparisons for B2M, 

cystatin C, KIM-1, and NGAL were based on a single ana-

lyte and multiplex assay. Cystatin C, KIM-1, and NGAL 

had correlations of r2$0.700 with concentration data, but 

only KIM-1 and NGAL had r2$0.700 with concentration 
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typical Phase I healthy volunteer population to determine: 

CIs (pilot reference intervals), intersubject and intrasubject 

variabilities, effect of food intake, effect of sex, and vendor 

assay comparison. This early step in the biomarker clinical 

qualification process is designed to begin translation of the 

preclinical biomarker qualification data into the clinical set-

ting, but care must be taken not to make too many assump-

tions concerning the candidate biomarkers when developing 

the study plan, such as subject population, data analysis/

reporting, and potential applicability of different assay plat-

forms (single analyte versus multiplex).

The healthy volunteer step in the qualification process is 

designed to do the initial characterization of the biomarkers 

as well as begin to understand conditions that can influence 

biomarker levels, such as food and sex. The subjects in the 

current study were deemed appropriate for qualification of the 

biomarkers in this step, based on the similarity of the study 

demographics, inclusion criteria, and exclusion criteria to 

those of typical clinical Phase I healthy volunteer studies.21 
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Figure 1 Plots of vendor assay correlations. (A) Coefficient of determination (r2) for each biomarker with assays from two vendors. (B–I) are biomarkers with r2$0.700 
(B) Creatinine concentration, (C) NAG concentration, (D) creatinine concentration, (E) KIM-1 concentration, (F) NGAL concentration, (G) cystatin C concentration, 
(H) KIM-1 concentration normalized to creatinine, and (I) NGAL concentration normalized to creatinine.
Notes: 1Comparison between Central and Pacific Biomarker assays, both single analyte assays; 2comparison between Pacific Biomarker (single analyte) and Rules Based 
Medicine (multiplex) assays.
Abbreviations: KIM-1, kidney injury marker-1; NAG, N-acetyl-β-glucosaminidase; NGAL, neutrophil gelatinase-associated lipocalin.

Table 5 Effect of sex (20 males and 19 females) on the renal 
biomarkers under characterization within this study

Concentration Concentration normalized 
to creatinine

Parameter Sex with  
higher value

Parameter Sex with 
higher value

A1M Male
B2M Male B2M Female
Calbindin Male Calbindin Male
Clusterin Male Clusterin Female
CTGF Male CTGF Female
Creatinine Male
Cystatin C Male Cystatin-C Female
GSTα Female GSTα Female
KIM-1 Male KIM-1 Female
NGAL Female NGAL Female
Osteopontin Male Osteopontin Female
TFF3 Female TFF3 Female
THP Male THP Female
VEGF Male VEGF Female

Abbreviations: A1M, alpha-1-microglobulin; B2M, β-2-microglobulin; 
CTGF, connective tissue growth factor; GSTα, glutathione S-transferase alpha; 
KIM-1, kidney injury marker-1; NAG, N-acetyl-β-glucosaminidase; NGAL, neutrophil 
gelatinase-associated lipocalin; THP, Tamm-Horsfall urinary glycoprotein; TFF3, trefoil 
factor 3; VEGF, vascular endothelial growth factor.
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In addition, the routine kidney biomarker values in this 

study were similar to the Mass General Hospital reference 

intervals,22 assuming a urine excretion of approximately 2 L 

per day.

Urinalysis data can be reported in several ways, ie, total 

amount excreted over 24 hours, concentration, concentra-

tion normalized to urinary creatinine concentration, and/or 

concentration normalized to urinary specific gravity.23–27 

When developing this study protocol, we needed to consider 

the feasibility of different sampling methods for application 

in typical clinical studies. Typical Phase I clinical studies 

evaluate spot samples. The most common reporting methods 

used for spot urine parameters in clinical trials are concen-

tration and concentration normalized to creatinine, with the 

reporting method being dependent on the mechanism(s) of 

biomarker excretion.28 Summary statistics for both of these 

reporting methods were determined in this study since 

the mechanism(s) of excretion was not known for each 

biomarker. Limitations of reporting normalized to creatinine 

values include creatinine excretion being age-dependent and 

sex-dependent, so separate age and sex reference ranges could 

be needed due to creatinine normalization and not due to the 

candidate biomarker. Limitations of reporting concentration 

values include altered water excretion and water intake; for 

example, biomarker concentration values will be higher with 

a compound that induces oliguria and lower with a compound 

that induces polyuria, even though the compound did not alter 

biomarker excretion.

This study determined both concentration and con-

centration normalized to creatinine CIs and biological 

variability for the candidate renal A1M, B2M, calbindin, 

clusterin, CTGF, cystatin C, GSTα, KIM-1, microalbumin, 

NAG, NGAL, osteopontin, THP, TIMP-1, TFF3, VEGF, 

and NAG biomarkers. The CIs are considered pilot refer-

ence intervals due to the study design being fit-for-purpose. 

Bona fide reference intervals for use in the hospital set-

ting and clinical development require between 120 and 

400  subjects per group,29,30 but the data from this study 

support the early steps in biomarker qualification, ie, deter-

mining if the candidate biomarker is acceptable for and will 

aid interpretation of the next biomarker qualification steps, 

which include evaluation in subjects treated with known 

nephrotoxicants and disease populations. The CIs will be 

used to understand the expected predose values for the 

studies evaluating known nephrotoxicants in subjects, and 

the intersubject and intrasubject variability from this study 

will help determine how much change is required before a 

compound would be deemed a nephrotoxicant, as well as 

provide a basis for power calculations for determining the 

appropriate size of these studies.

Some of the biomarkers in this study (A1M, KIM-1, 

NGAL, cystatin C, NAG, and VEGF) have been evalu-

ated in various hospital populations including normal 

controls.16,23,26,28,31–33 Normal controls in the hospital setting 

are different from the subjects used in typical Phase I clini-

cal trials. For example, normal control subjects used in the 

study reported by Vaidya et al33 had three exclusion criteria, 

ie, recent hospitalization, diagnosis of chronic kidney dis-

ease, and treatment with nephrotoxic medications. Phase I 

clinical studies would not limit the exclusion criteria to only 

recent nephrotoxic medications, but would extend it to most 

medications. The exclusion criteria in Phase I clinical stud-

ies also entail alcohol and drug abuse as well as use of most 

nonprescription medications. Since clinical Phase I healthy 

volunteers are a subset of the hospital normal controls, 

the current study should have similar or lower intersubject 

variability (narrower CIs) than in the literature.32 Of the 

five biomarkers evaluated in the current study and reported 

in the literature, KIM-1 and VEGF had similar CIs, while 

NGAL, cystatin C, and NAG had narrower CIs in the cur-

rent study.16,23,26,32,33 The narrower CIs (smaller intersubject 

variability) should aid in detecting DIKI, if the biomarker(s) 

continue to pass the qualification process.

The intrasubject variability determined in this study will aid 

data interpretation in the future steps of the biomarker qualifica-

tion process, such as during evaluation of biomarkers in subjects 

treated with known nephrotoxicants. For example, KIM-1 

and calbindin had intrasubject variability of 15% and 60%, 

respectively. Therefore, a smaller difference between predose 

and postdose values of KIM-1 would be needed to classify a 

compound as nephrotoxic compared with calbindin. However, 

there was an approximately 30-fold difference in calbindin 

levels (normalized to creatinine) between healthy volunteers 

and subjects treated with cisplatin,34 that is well above the 60% 

intrasubject variability. Thus, none of the biomarkers should 

be excluded from progressing into the next steps of biomarker 

qualification based on intrasubject variability.

There was no significant difference in any of the para

meters (urinary creatinine or candidate biomarkers) between 

fasted and fed subjects. This suggests that care may not be 

required when spot urine is collected in relationship to eating. 

However, this study was designed to determine if there was a 

major effect of food intake on the candidate biomarkers, and 

the breakfast food eaten by the subjects was not regulated. 

Further studies should be done later in the biomarker quali-

fication process to determine if large amounts of food, high 
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protein meals (lunch or dinner), and/or specific foods will 

affect the candidate biomarkers.

Most of the biomarkers under characterization were 

influenced by sex, with values being higher in males for the 

concentration data sets and higher in females for concentra-

tion normalized to creatinine data sets. Exceptions included: 

microalbumin and TIMP-1 not being affected by sex; A1M 

being higher in males for the concentration data set and not 

influenced by sex in the normalized to creatinine data set; 

calbindin being higher in males in both data sets; and GSTα, 

NGAL, and TFF3 being higher in females in both data sets. 

Pennemans et al26 evaluated the effect of sex (199 women and 

139 men) for cystatin C, KIM-1, and NGAL. In the current 

study and the literature,26 NGAL had higher values in females 

in both the concentration data and normalized to creatinine 

data. However, in the literature,26 cystatin C and KIM-1 

were not influenced by sex when evaluating normalized to 

creatinine data. This is different from the current study, and 

is probably due to the lower subject number in the current 

study. Therefore, additional data will be needed later in the 

qualification process to determine the effect of sex on the 

biomarkers under characterization.

The stepwise approach to biomarker qualification is easi-

est when one assay (vendor) is consistently used for each 

biomarker, but this approach does raise some concerns: what 

if the antibody clones used by the vendor become unavailable 

either during or after the biomarker qualification process, 

and is the stepwise process qualifying the biomarker or is 

it more specifically qualifying the assay? In order to ensure 

qualification of the biomarker, it is important to at least 

periodically compare different vendor assays. The current 

study compared assays between vendors for creatinine, B2M, 

cystatin C, KIM-1, NAG, and NGAL. This study not only 

compared vendor assays, but also compared single analyte 

and multiplex vendor assays for B2M, cystatin C, KIM-1, and 

NGAL. It was no surprise that single analyte urine creatinine 

assays correlated between vendors because creatinine is a 

routine clinical chemistry parameter that has been used for 

many years within the hospital setting as well as during drug 

development. B2M was the only biomarker with poor cor-

relation between the single analyte and multiplex assays for 

both the concentration and normalized to creatinine values, 

which could be due to different antibodies, protocols, and 

techniques used for the two assays and/or a low signal-to-

noise ratio within both assays. Little can be done to improve 

the correlations if the poor correlation was due to antibodies, 

protocols, and/or techniques, but the next steps of qualifica-

tion should increase the correlation if the differences were 

due to the signal-to-noise ratio of the assays. For example, 

the B2M values are near the lower end of the standard curve 

for both the single analyte and multiplex assays, where the 

variation would be highest (lower signal-to-noise ratio) than 

for samples with medium or high B2M values. Adding values 

higher on the standard curve to the already collected samples 

could increase the correlation between assays. Therefore, 

further investigation between the B2M assays is needed prior 

to final qualification, but this can be addressed in the next 

qualification steps, provided that both assays are evaluated 

in the next qualification steps.

Of interest was the finding that concentration values for 

each assay typically had better correlation than the creati-

nine normalized values. The decreased correlation when 

using creatinine-normalized data could be due to variability 

of the normalizing biomarker (ie, creatinine), the fact that 

creatinine normalization typically narrows the confidence 

interval, or the multiplex platform contributing to the lack 

of correlation.

Creatinine normalization narrowing the CI is exempli-

fied by the CI for cystatin C going from a 14-fold difference 

between the high and low CI values for the concentration 

data to a four-fold difference for the creatinine-normalized 

data. All of the creatinine-normalized parameters that had 

poor assay correlations (NAG, B2M, and cystatin C) also 

had a less than a five-fold difference between the high and 

low CI values in the single analyte Pacific Biomarker assay. 

Further assay comparison of values outside of the current CIs 

(eg, subjects treated with known nephrotoxicants) may help 

determine the cause of decreased assay correlations when 

using the creatinine-normalized data, but until that data are 

generated, it may be best to use the concentration data for 

primary analysis of assay comparisons and the normalized 

data for secondary analysis.

There is the potential for nonspecific binding or interfer-

ence of analyte detection when assays are multiplexed, and 

this would decrease the correlation between single analyte 

and multiplex assays. This possibility cannot be ruled out for 

B2M, where there was poor correlation for both the concen-

tration and normalized to creatinine values. However, this 

is probably not true when there is an acceptable correlation 

(r2$0.700) with concentration values and a poor correlation 

with creatinine-normalized values, such as with NAG and 

cystatin C. Both NAG assays were single analyte assays, 

whereas the cystatin C correlation was between a single 

analyte and a multiplex assay.

A finding of note from the vendor assay comparisons 

was that the concentration values for cystatin C, KIM-1, 
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and NGAL multiplex assays correlated with the single ana-

lyte assays. There continues to be debate as to the value of 

multiplex versus single analyte assays. For many, there is a 

concern using multiplex assays when only one or two single 

analyte assays would be needed in a study. In this scenario, 

the multiplex assay would produce unneeded data. In spite 

of the debate, this study determined that multiplex and single 

analyte assays had similar intersubject and intrasubject vari-

ability, so both assay platforms pass the healthy volunteer 

step of biomarker qualification and both assay platforms 

should be further considered in future steps of biomarker 

qualification.

If the multiplex assays continue to pass the various bio-

marker qualification steps then the debate may ultimately be 

influenced by the translational relevance of the preclinical 

safety data. For example, if the preclinical biomarker data 

consistently predict which biomarker to use in clinical stud-

ies, then the specific single analyte assays could be deemed 

optimal. However, if preclinical studies only predict potential 

clinical nephrotoxicity, but not which specific biomarker 

to use in clinical studies, then multiplex assays could be 

advantageous in clinical studies.

Even if the future qualification studies determine that 

single analyte assays are preferred for clinical safety studies, 

multiplex assays may have value for use in some efficacy 

studies; an example could be to monitor if a compound delays 

or even reverses diabetes-related nephropathy.

Potential limitations of the current study include the 

number of healthy volunteers in the study and preanalyti-

cal variability of the samples, but this study was designed 

based on the fit-for-purpose stepwise qualification process, 

and therefore the study was meant to give initial findings 

for each of the biomarkers in the healthy volunteer popula-

tion and not give final conclusive data for each candidate 

biomarker. This study was designed with only 39 subjects 

(20 male and 19 female), which is too low to yield true ref-

erence ranges and even too low to have split the analysis to 

determine which candidate biomarkers are affected by age. 

However, three samples for each of the 39 subjects enabled 

determination of intrasubject variability, which will help in 

the interpretation of results in the next steps of biomarker 

qualification. The CIs determined by this study are deemed 

only as pilot, due to the low number of subjects, but give a 

basis for understanding what would be deemed “normal” in 

the next qualification steps. The final conclusive results for 

each candidate biomarker, including setting more definitive 

reference intervals, will be generated at a later point in the 

stepwise qualification process, after/if the biomarkers pass 

the qualification steps with patient disease populations and 

subjects treated with known nephrotoxicants.

Preanalytical variability is another potential limitation 

of this study. These candidate biomarkers are in the initial 

steps of qualification, so there are many unknowns concern-

ing these biomarkers, such as stability, appropriate storage 

conditions, and/or if a stabilizer needs to be added to samples 

before storage. Each of these preanalytical variabilities 

need to be evaluated during the qualification process and 

can impact the data, but this study was designed to give an 

initial readout for each of these potential biomarkers and to 

give an understanding of what to expect from samples col-

lected with stabilizer and stored using standard clinical study 

procedures. This is important because previous and current 

clinical studies do not prospectively plan to evaluate these 

kidney biomarkers, but will add these if there are clinical 

indications of potential kidney injury. It is still unknown 

how any candidate biomarker that passes the qualification 

process will be utilized. For example, there will be some 

instances where the qualified biomarkers will be prospec-

tively put into the study plan and the samples would be 

stored under optimal conditions if different from standard 

storage conditions in clinical studies. However, there will 

also be times when a study unexpectedly has results sug-

gesting potential kidney injury. This may lead the project 

team to retrospectively evaluate samples from the current 

and previous clinical studies. Retrospective samples will 

not have included the biomarkers in the study plan, and the 

samples would have been stored using standard procedures, 

so the project team will need to understand how to interpret 

the data. Therefore, future qualification studies will need to 

determine if samples stored using standard procedures: yield 

numerical values similar to samples stored under optimal 

conditions; yield different numerical values that would be 

interpretable within a given study; or cannot be used due 

to giving erroneous and uninterpretable values. Separate 

reference intervals may be necessary if the second option 

is correct, but if the third option is correct, then this would 

result in the loss of a lot of beneficial samples and hinder 

drug development due to the inability to investigate a com-

pound with no preclinical DIKI signal and a slight potential 

signal in a late-stage clinical trial.

In conclusion, this study characterized renal biomarker 

candidates in the healthy volunteer step of the biomarker 

qualification process. Renal biomarker concentration and 

concentration normalized to creatinine CIs (pilot reference 

intervals) as well as intersubject and intrasubject variabil-

ity were determined using urine from healthy volunteers. 
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No major effect of food intake was observed for any of the 

biomarkers. Many of the biomarkers under characteriza-

tion in this study were affected by sex. Single analyte and 

multiplex vendor assay comparisons determined that both 

assay platforms were acceptable and should be considered 

for further evaluation in future biomarker qualification steps. 

In summary, these renal biomarkers/assays should be con-

sidered for future biomarker qualification steps. However, 

lack of correlation between the B2M assays should be better 

understood before completing qualification.
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