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Abstract
Glomerular filtration rate (GFR) is routinely used as a surrogate endpoint for the development of investigational drugs in clinical trials. GFR and staging
of chronic kidney disease are typically assessed by measuring the concentration of endogenous serum biomarkers such as albumin and creatinine.
However, creatinine is subject to high biological variability, and levels of creatinine do not rise until nearly 50% of kidney function is damaged, leading to
inaccurate chronic kidney disease staging and false negatives. A newer biomarker for GFR, cystatin C, has been shown to be subject to less biological
interference and more sensitive to early declines in kidney function. Cystatin C has also been shown to outperform creatinine as an indicator of true
GFR and to add information about the occurrence of acute kidney injury. Comparison studies of cystatin C and creatinine continue to demonstrate its
increased accuracy and sensitivity for changes in true GFR. While challenges remain for use of cystatin C, international agencies and working groups
continue to validate cystatin C as a biomarker and accompanying GFR estimating equations for diagnostic and drug development use. In this review,
we summarize these comparison studies, regulatory and industry guidelines, and clinical trial case studies for use of cystatin C in drug development.
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Direct measures of glomerular filtration rate (GFR)
can be determined with chromium 51–labeled ethylenediaminetetraacetate, technetium Tc 99m diethylenetriaminepentaacetic acid, inulin, or iohexol substrates, but
these assays are expensive, cumbersome, and not readily
available across medical and clinical sites.1–3 For more
than 50 years, endogenous creatinine concentration, a
biomarker of kidney function, has been used as an estimate of GFR (eGFR) in medical and clinical research
settings because of its ease of measurement. Creatinine is generated at a constant rate by muscle and is
completely cleared by renal excretion. Urine creatinine
clearance is rarely used as a marker for GFR in clinical
research because approximately 10%-20% of excreted
creatinine is secreted by the proximal tubules, which can
overestimate GFR.4 Elevated serum creatinine concentrations are typically observed in patients with kidney
disease and can be a marker of renal impairment when
an investigational drug affects renal excretion.
However, creatinine has limitations as a renal
biomarker and is subject to high analytic variability.
The primary analytical method of measurement combines creatinine with picric acid to produce a colorimetric compound. This reaction is affected by interference
from endogenous and exogenous substances common
in many patient populations, such as glucose, bilirubin,
plasma proteins, and antibiotics.5,6 Furthermore, serum

creatinine is affected by the large biological variability
associated with sex, age, ethnicity, and muscle mass. As
shown in Table 1, several eGFR formulas to correct
for these confounding factors in serum creatinine measurement, such as Cockcroft-Gault, Modification of
Diet in Renal Disease (MDRD), and Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI), have
been developed.7,8
Yet limitations surrounding sensitivity and specificity still exist.4 For example, while the eGFR MDRD
equation accounts for many of these intrinsic factors,
the magnitude of change in muscle mass can vary
among special populations and this equation does not
account for other physiological changes such illness, inflammation, sarcopenia, and deconditioning that affect
muscle mass.9 Therefore, researchers and regulatory
bodies continue to explore and validate novel renal
biomarkers. Here, we review recent studies demonstrating the use of an alternative biomarker, cystatin C, as
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Table 1. Accuracy and Precision of GFR Estimating Equations Utilizing Creatinine and Cystatin C
Equation
CKD-EPI
CKD-EPI
CKD-EPI
MDRD
Cockcroft-Gault
Schwartz (pediatric populations)
Combined Schwartz (pediatric populations)

Biomarker Used

Bias, mL/min/1.73 m2

Precision at 30% eGFR

Accuracy at 30% eGFR

Creatinine
Cystatin C
Creatinine and cystatin C
Creatinine
Creatinine
Creatinine
Creatinine and cystatin C

3.7
3.4
3.5
5.5
11.4
6.1
6

87.2
85.9
91.8
80.6
69
16.9
16

−
−
−
−
−
88.1
96.5

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease.
Data obtained from Refs. 7,21,32

a measure of eGFR. While the benefits of cystatin C
have been discussed previously in a medical setting, this
review focuses on the application of cystatin C in drug
development.10–12

Physiology of Cystatin C for eGFR
Measurements
Cystatin C is a small protease inhibitor produced in all
nucleated cells and is an alternative filtration biomarker
less influenced than creatinine by muscle mass and
biological factors.11,13 Investigation of the structure
and promoter of cystatin C has demonstrated that the
gene is a housekeeping gene in several nucleated tissue
types, and large patient cohort studies have failed to
correlate the serum level to any nonrenal pathophysiological state.12 As it is stably secreted from all human
nucleated cells, cystatin C is not subject to changes
in diet, muscle mass, or age that drastically change
serum creatinine levels.14–16 Similar to creatinine, the
13-kilodalton protein is freely filtered in the glomerulus.
However, unlike creatinine, 99% of filtered cystatin C is
reabsorbed and degraded by proximal tubular cells in a
functioning kidney.

Cystatin C for Staging Chronic Kidney
Disease
Chronic kidney disease (CKD) is defined as ࣙ3month abnormal kidney function or structure impacting health and is diagnosed based on cause, GFR, and
albuminuria. GFR evaluation is a graded system, with
the following eGFR (min/mL/1.73 m2 ) ranges: ࣙ90
for normal function (stage 1), 60-89 for mild decrease
(stage 2), 45-59 for mild to moderate decrease (stage
3a), 30-44 for moderate to severe decrease (stage 3b),
15-29 (stage 4) for severe decrease, and <15 for kidney
failure (stage 5).17 CKD staging can also be useful for
pharmacological decisions. The US Food and Drug
Administration (FDA) recommends that dose instructions be indicated by CKD stage, expressed in both
eGFR (min/mL/1.73 m2 ) and estimates of creatinine
clearance (mL/min), if the drug is intended for patients

Figure 1. Increased sensitivity of cystatin C for eGFR changes avoids
the creatinine blind range. Cr, creatinine; eGFR, estimated glomerular
filtration rate.

with comorbid kidney disease and/or demonstrates altered pharmacokinetic properties in patients with renal
impairment.4,18
While true, or direct GFR, measurements rely on
the clearance of an intravenous infusion of exogenous
inulin or other probes, most eGFR formulas depend on
endogenous creatinine levels.4 However, due to the limitations discussed above, creatinine is a poor biomarker
of kidney function that is subject to high variability and
low specificity.
In addition, serum creatinine has poor sensitivity to
small changes in kidney function, especially in the early
stages of kidney disease. Creatinine concentrations in
serum do not significantly increase past established
normal values until at least 50% of glomerular filtration has been impaired (stage 3b CKD), as shown in
Figure 1.19 This observation has been termed the creatinine “blind range” (eGFR 40-59 mL/min/1.73 m2 ).8
Even adjusted eGFR equations that use creatinine,
such as the MDRD, are inaccurate in subjects with
low creatinine concentrations; values should only
be reported by this method for patients with stage
3-5 renal disease (ie, <60 mL/min/1.73 m2 ).20 Cystatin
C concentration has been shown in several large studies
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to have superior sensitivity to changes in borderline
kidney function in subjects with elevated eGFR levels of 70-90 mL/min/1.73 m2 .8,21 Moreover, current
guidelines from the Kidney Disease: Improving Global
Outcomes (KDIGO) research working group suggest
measuring cystatin C in patients with creatinine eGFR
45-59 mL/min/1.73 m2 to confirm the diagnosis.17
Cystatin C concentrations rose earlier than creatinine
in longitudinal studies in patients with liver transplant, cardiac surgery, coronary angiography, or diabetic nephropathy.8,22,23 Detection of decreased kidney
function and identification of CKD in its early stage
is important in both diagnostic and clinical research
settings, thus cystatin C should be utilized for this
purpose.
Many population-specific studies and meta-analyses
have been conducted to show cystatin C is a better
indicator of GFR in several populations. Nephropathy
is a common complication of diabetes, affecting nearly
one-quarter of patients, and is the leading cause of
end-stage renal disease.24 In several studies in diabetes
populations (type 1 and/or type 2), cystatin C better
correlated with gold-standard direct GFR measures
using clearance of chromium 51–labeled ethylenediaminetetraacetate or iohexol than did creatinine concentration or MDRD and was more sensitive to early
changes in kidney function.12,25–27 Indeed, a recent
meta-analysis of 9 studies found high sensitivity (88%)
and specificity (85%) of serum cystatin C for predicting
diabetic nephropathy and suggests that the biomarker
may serve as an early signal of disease detection.28 In
another study, approximately 20% more samples using
cystatin C–based estimating equations were within 10%
deviation from isotopic GFR versus creatinine-based
estimating equations.26 Several creatinine-based eGFR
equations overestimated GFR, potentially leading to
false negatives or discrepant results. In a large National
Health and Nutrition Examination Survey study, discordance between the classification of reduced kidney
function by creatinine- or cystatin C–based CKD-EPI
eGFR was approximately 12% in persons with diabetes
and 5% in persons without diabetes.29 Accurately monitoring early decreases in GFR is especially important
in patients with diabetes because of their increased
risk for kidney damage. Thus, several clinical trials use
cystatin C as a secondary biomarker for renal function
in diabetic populations.30,31
Creatinine is a poor marker of renal function in
neonates because the presence of maternal creatinine
affects fetal creatinine measurement in the first 72 hours
after birth, whereas cystatin C does not cross the
placenta.32 Creatinine is also a poor marker in children
and adolescents because creatinine production depends
on muscle mass, which increases with growth and
pubertal development, especially in boys.33 Further-
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more, the error produced by renal tubular secretion
and non-renal elimination of creatinine is important
for children because of their relatively low muscle
mass and low serum creatinine. Serum concentration
of cystatin C remains constant from around age 1
year to 50 years and is also suitable for use in utero
and in neonates.11,32 Cystatin C–based eGFR equations
outperform creatinine-based MDRD and Schwartz
eGFR equations in children.34 Because of this, a recent
paricalcitol clinical trial study in pediatric populations
used cystatin C as a confirmatory marker of kidney
function.35 These benefits of cystatin C were also shown
in elderly patients.11,36 Furthermore, in patients who
are obese (body mass index >30 kg/m2 ), creatininebased eGFR calculation using the MDRD and CKDEPI estimates underestimated GFR, whereas cystatin
C–based measurement did not.10 Finally, while results
have been mixed, some studies show improved estimation of GFR in severe liver disease because creatinine is
biased by low creatine production and elevated bilirubin in these patients.37

Specificity of Cystatin C
As noted, creatinine assays are marred by analytical and
biological variability. A majority of studies comparing
creatinine to cystatin C have shown that cystatin C
has less biological variability and improved analytical
specificity, with fewer interfering compounds.38 From
an analytical perspective, cystatin C assays have also
significantly improved over the years, from radial immunodiffusion assays to rapid, automated, and more
precise immunoturbidimetric assays approved by the
FDA for diagnostic use. Cystatin C is also not subject
to interference from dopamine and certain serum antibodies, which interfere even with improved enzymatic
creatinine assays.

Cystatin C Better Predicts Adverse
Outcomes of Decreased GFR
While increased accuracy, sensitivity, and specificity of
cystatin C compared with creatinine to estimate GFR
is valuable in clinical research, the main driver for increased use of cystatin C has been its role as a predictor
of outcomes of decreased GFR, including risk of death
and cardiovascular disease. In a large meta-analysis of
90,750 patients with CKD, Shlipak et al. demonstrated
that reclassification of eGFR with cystatin C better correlated with risk for death, death from cardiovascular
disease, and end-stage renal disease than with creatinine
as the main variable.39 In addition, a prospective study
of 220 patients by Manzano-Fernández et al. found
that cystatin C was a significant predictor of death
and heart failure whereas serum creatinine was not.40
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Cystatin C was independently associated with mortality
in patients with acute coronary syndrome along with
other well-known predictors such as age and diabetes.41
Even cystatin C levels below the upper reference limits
were associated with increased mortality, demonstrating that mild renal impairment is strongly correlated
with adverse outcomes. Another indication affected by
renal impairment is multiple myeloma. In a cohort of
patients with multiple myeloma, cystatin C levels were
elevated and reflected tumor burden.42 Furthermore,
upon bortezomib treatment in relapsed patients, cystatin C was reduced. In all, the authors suggest that
cystatin C has prognostic value in multiple myeloma.
In clinical trials, particularly for drugs targeting kidney
function and subsequently related diseases such as
cardiovascular disease, cystatin C may provide prognostic value and added information on longitudinal
health outcomes in addition to being a biomarker for
GFR.

Equations for Estimating GFR Using
Cystatin C
Due to the limitations of creatinine, eGFR equations
incorporating anthropometric data are commonly used
in clinical practice. Similar equations have been developed to estimate GFR from cystatin C. Several studies,
summarized in Table 1, have compared cystatin C–
based equations with the Schwartz, Cockcroft-Gault,
and MDRD equations and found cystatin C–based
equations to be superior estimates of GFR.7,8,21,43
These studies suggest that creatinine-based equations
overestimated GFR, leading to false negatives, while
cystatin C equations showed no bias. This was recently
highlighted in a Japanese clinical trial involving patients treated with dolutegravir for antiretroviral HIV
therapy.44 Dolutegravir, an integrase inhibitor, affects
creatinine transports and can potentially lead to increased serum creatinine. Results showed that cystatin
C eGFR was more accurate than creatinine eGFR or
serum creatinine alone in dolutegravir-treated patients
with HIV when compared to direct inulin measures of
kidney function. Therefore, an alternative biomarker
such as cystatin C eGFR is suitable (and required)
for kidney function monitoring of drugs that directly
affect creatinine clearance pathway and, more broadly,
offers improved accuracy for most situations requiring
eGFR measurement. Interestingly, 3 equations have
been developed that use both cystatin C and creatinine.
These equations seem to outperform both types of
single biomarker equations in small population studies
and suggest that cystatin C may be used as a complementary biomarker rather than a replacement for
creatinine.
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Limitations of Cystatin C as a GFR
Biomarker
While cystatin C offers significant benefits compared
with creatinine, some challenges remain before it can be
recommended as a complete replacement for creatininebased estimation of GFR. Initial studies suggest that
cystatin C does not vary from non-renal factors, however further investigation has shown some biological
variability. In particular, thyroid diseases and the use of
corticosteroids can alter cystatin C expression. Cystatin
C levels are lower in the hypothyroid state even when
creatinine levels are elevated and they are higher in the
hyperthyroid state, suggesting that thyroid hormones
influence regulation of cystatin C.8 High doses of corticosteroids may increase cystatin C, which is important
to note because after renal transplant, patients often
are prescribed glucocorticoids.45,46 In addition, body
mass index and inflammation may affect cystatin C
concentrations independent of kidney function and
these factors must be considered when evaluating cystatin C levels in clinical practice.47 Indeed, a positive
association between proinflammatory C-reactive protein and cystatin C levels was observed, however, this
study used creatine clearance to compare cystatin C
and creatinine, which may have biased results against
cystatin C.48,49 Nonetheless, the list of confounding
diseases or conditions modifying cystatin C is relatively
small compared with creatinine.8
Another limitation of cystatin C is related to its
application in eGFR equations. Initial eGFR-cystatin
C formulas were developed from small and varying
populations, often from a single center.8 In contrast,
the MDRD equation with creatinine is derived from
1628 patients across multiple centers.8 Perhaps due
to this limitation and variance among populations,
some studies comparing eGFR equations find no improvement in accuracy when using cystatin C–based
equations.43 This has led to differing views as to which
eGFR equations to employ. Some studies recommend
that if cystatin C is measured as a secondary test
based on the results of creatinine, then cystatin C–
based eGFR equations should be calculated instead
of combined equations so that creatinine level does
not influence verification of a GFR.50 Other studies
suggest recalculating eGFR with combined equations
to provide the most accurate results when cystatin
C is measured as a secondary test.51 It is possible such uncertainty has limited the use of cystatin
C in practice. Thus, further large population studies and meta-analyses are necessary across populations and disease groups to continue to validate the
utility of cystatin C and calculate biological variability from non-renal conditions before widespread
adoption.
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Because cystatin C undergoes proximal tubular cell
reabsorption, cystatin C levels in urine are theoretically a biomarker for acute kidney injury (AKI) due
to deteriorated reabsorption functions.52 In addition,
serum cystatin C reaches a steady state 3 times faster
than does creatinine, making it a putative biomarker
for diagnosis of AKI.53,54 However, validation of cystatin C as an AKI biomarker in practice has been
inconsistent. A study of acute tubular necrosis found
cystatin C and β2-microglobulin to have the highest
diagnostic accuracies.55 In a study of 400 patients with
CKD given contrast media, elevated serum cystatin C
at 24 hours after contrast exposure was detected in 87
patients, with a better predictive value than creatinine
(negative predictive value = 100%; positive predictive
value = 39.1%).53 By contrast, a multicenter intensive
care unit patient cohort study found that both serum
and urinary cystatin C had no diagnostic value for
AKI.56 Another study of approximately 1500 children
and adults after cardiac surgery also found no association of cystatin C with AKI.57 Further investigation
of cystatin C in larger population studies is necessary
to determine its value as a biomarker for AKI, and
the recent development of validated, sensitive, and
automated assays to measure urine cystatin C may help
with this effort.58 Currently, however, cystatin C is not
validated as a diagnostic biomarker for AKI.
Compared with creatinine, there is no standardized
measurement of cystatin C yet.7 To this end, the
International Federation of Clinical Chemistry and
Laboratory Medicine Working Group for the Standardization of Cystatin has been established and has
developed an international reference standard in collaboration with the Institute for Reference Materials
and Measurements.59,60 With the recent availability of
this cystatin C standard reference material, the CKDEPI investigators also developed new equations for
standardized cystatin C alone or in combination with
standardized creatinine, which are now recommended
as a confirmatory test for GFR.61 These efforts to improve assay standardization and cystatin C estimating
equations will require further modification of cystatin
C eGFR equations for new standardized values.15
Nevertheless, the benefits of cystatin C discussed in
this article, with its ability to outperform (analytical and
clinical sensitivity and specificity) and add prognostic
clinical outcome information to creatinine assays, has
led industry agencies, including the Predictive Safety
Testing Consortium Nephrotoxicity Working Group to
recommend cystatin C for use as an early diagnostic
biomarker in drug development.62
In addition, it is generally believed that cystatin C is
too expensive for routine use in clinical research. However, cystatin C assays are automated, similar to creatinine, minimizing labor and reagent costs, which are
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reported to be approximately $4 per test.50 While this is
roughly 3 times the cost of an enzymatic creatinine test
(and costs may differ for clinical research assays not run
in a clinical laboratory), it is significantly less than other
common kidney biomarkers such as β2-microglobulin
and the benefits of accuracy and sensitivity justify its
use, particularly for clinical research.

Recommendations for Clinical Diagnosis
and Treatment of Kidney Disease
Over the past several years, many comparison studies and reviews detailing the benefits of cystatin C
have been published by institutions and large agencies.
However, creatinine will continue to be used due to
its perceived cost-benefit ratio and familiarity. Nevertheless, as a transition to cystatin C is discussed
and developed by the medical community, consideration to use cystatin C should be given for the use
cases highlighted in this article. As recommended by
KDIGO 2012 guidelines, a varied approach using the
most appropriate marker and eGFR equation based
on the patient’s characteristics and clinical scenario
may provide the best balance of cost and accuracy,
as shown in Figure 2. Specifically, cystatin C should
be used when creatinine assay–interfering substances
or creatinine biological variability in the highlighted
patient groups are suspected or, when monitoring of
early or acute kidney injury, avoiding the creatinine
blind range is necessary. Similar to creatinine, eGFR
equations with cystatin C are recommended for diagnosis versus serum concentrations alone.17 While there are
differing opinions on which eGFR equation to use and
whether to use combined equations, clinicians should
chose equations based on clinical characteristics, the
population being studied, and the usage scenario.50

Recommendations for Renal Impairment
Studies in Drug Development
One final use case for cystatin C is pharmacokinetic,
dosing, and toxicity studies for new drugs that are
cleared by the kidney. The kidneys are the major organ
for elimination of most drugs that are polar and not
bound to plasma proteins. Preexisting renal dysfunction
or impairment as a side effect of an investigational
product can potentially prolong exposure to the drug
and its toxic effects, thus the FDA and European
Medicines Agency (EMA) have issued guidelines detailing when pharmacokinetic renal impairment studies
are necessary. Examples include when a drug is renally
excreted, secreted in bile (due to enterohepatic cycling
ultimately leading to secretion in urine), administered
to patients with renal disease, affected by dialysis, or
is a cytokine, cytokine modulator, or antibody drug
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Figure 2. Recommendations for renal biomarker to use in different clinical settings. BMI, body mass index; eGFR, estimated glomerular filtration rate;
PK, pharmacokinetics.

conjugate.4 To date, most clinical studies measuring
cystatin C as a biomarker of renal impairment use it
as a confirmatory marker.63,64 However, the evidence
supports the use of cystatin C as a primary biomarker
to determine kidney function in addition to typical
measurement of serum creatinine with combined GFR
estimating equations. Because of the creatinine blind
range, early renal side effects of drugs cleared by the
kidney may not be detected by measuring serum creatinine. Cystatin C can detect drug-induced glomerular
alterations more readily because of its earlier rise in
concentration compared with creatinine. In addition,
the increased precision and accuracy of cystatin C in
estimating GFR may allow more accurate dosing of
these therapeutics.
As a safety biomarker for drug dosing, cystatin
C was recently evaluated in a phase 3 randomized
controlled trial for dyslipidemia in which pemafibrate,
a novel selective peroxisome proliferator-activated receptor α modulator, was compared to the reference
fenofibrate.65 There are known safety concerns with
fenofibrate treatment in elderly patients due to the
risk of increased serum creatinine levels resulting in
hospitalization.66 The clinical study demonstrated minor fluctuations in both serum creatinine and cystatin
C over 24 weeks with pemafibrate compared with the
significant increase in these values with fenofibrate
treatment. Because patients with CKD typically present
with confounding diseases such as dyslipidemia, once
approved, pemafibrate may be a suitable alternative
agent for this population.65 In another case report,
dosing of an aminoglycoside antibiotic cleared by the
kidney corrected for eGFR-creatinine resulted in overestimation of GFR, accumulation of the drug, and,
ultimately, AKI in an elderly man. The patient also
sustained liver injury, and studies have shown that in
advanced liver disease, use of creatinine leads to an
overestimation of GFR.37 To remedy this, cystatin C is

recommended for more accurate GFR estimation and
dosing guidance.67 Therefore, KDIGO encourages that
for the safety of patients with CKD, in posology decisions regarding medications with a narrow therapeutic
window, where precision is required, GFR estimations
should use cystatin C if direct measurement is not
available.68
Cystatin C is formally qualified by the FDA and
EMA for clinical trials.62 These regulatory agencies
also provide some input on the use of cystatin C as a
renal impairment biomarker. While the adopted 2016
EMA guidelines for pharmacokinetic renal impairment
studies do not specifically address the measurement of
cystatin C,69 an earlier draft did indicate preference for
cystatin C as a secondary maker in addition to direct
measures of GFR.70 Also, it is anticipated that serum
creatinine with cystatin C and corresponding eGFR
calculations could be an acceptable measure of kidney
function for future clinical trials in patients at risk for
CKD.69 Furthermore, the FDA does encourage the use
of cystatin C to estimate GFR in pediatric patients
with renal impairment in pharmacokinetic studies.18
While only limited guidance on the use of cystatin C is
incorporated into agency recommendations, continued
discussions with regulatory authorities and drug development partners is necessary for further advancement.
It is important to note that most assays for the measurement of cystatin C are performed in a Clinical Laboratory Improvement Amendments–certified clinical
laboratory and based on in vitro diagnostic assays. The
primary purpose of a diagnostic assay is to distinguish
patients with disease from healthy patients. However,
according to the most recent 2013 FDA Bioanalytical
Method Validation Draft Guidance, when biomarkers
(such as cystatin C or creatinine) are measured to
support a regulatory claim for a drug (eg, improvement in renal function compared with an alternate
therapeutic, pivotal determination of safety, support
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of labeled dosing), full bioanalytical compliance and
validation are necessary.71 Moreover, these FDA guidelines, for the first time, stated that use of diagnostic
kits may not ensure reliability of the method for drug
development purposes unless site-specific bioanalytical
method validation is performed. While these guidelines
are not final, they suggest that future new drug applications using biomarker data run in a clinical laboratory
to support a regulatory claim may not be acceptable.
Therefore, for bioanalytical drug development studies, most cystatin C assays acquired as research use
only or as in vitro diagnostic use commercial kits
must be adapted to meet FDA bioanalytical method
validation guidelines and should follow recent guidelines for biomarker validation.71,72 Briefly, the assay
must be devised to have at least 6 non-zero calibration
points, including the expected lower and upper limits of
quantitation instead of limit of detection. The quality
controls (QCs) should also include the lower and upper
limits of quantitation in addition to the QCs that span
the rest of the calibration curve and include QCs of
endogenous creatinine in study matrix. Following these
guidelines with cystatin C ensures the highest accuracy,
sensitivity, precision, and specificity in determining
eGFR in drug development.

Conclusion
Cystatin C offers advantages over creatinine as a
biomarker for renal function in clinical research. First,
greater accuracy of GFR estimation has been consistently demonstrated compared with creatinine alone.
This improved accuracy is especially prominent in
several population groups, including patients with diabetes, neonates, children, patients with change in muscle
mass, and elderly patients. Regulatory agencies recommend the use of cystatin C in addition to creatinine
in some population-specific studies. Cystatin C also
demonstrates improved specificity, as biological factors
such as muscle mass, illness, and inflammation do not
seem to affect its expression. Compared with creatinine,
cystatin C is elevated in serum earlier on the CKD
spectrum, allowing detection of a mild decrease in
renal function from a therapeutic or disease state.
This is crucial for dosing renally cleared drugs that
have a narrow therapeutic window. Finally, in large
population studies, cystatin C has been shown to be a
better predictor of clinical outcomes that result from
decreased GFR.
In clinical research, accurate, specific, and sensitive
measurements of GFR may mean the difference between an efficacious candidate and a failed candidate
or the presence or absence of renal toxicity. While
limitations exist, the clinical trials highlighted in this
review demonstrate validated use of cystatin C as
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a renal biomarker, and continued discussion among
industry partners and regulatory agencies, as well as
agencies working to standardize cystatin C assays and
cystatin C estimating equations is expected to increase
its use in clinical research.
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