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K. YVaccaro DE. Functional immunoassay technology (FITE a new
approach for measuring physiclogical functions: application of FIT to
meeasure glomerular filtration rate (GFR). Am J Physiol Renal Phys-
ial 295: F1583-F1588, 2008, First published September 3, 2008;
doi:10.1 152 ajprenal @0354 2008 —This is the first description of
functional immunoassay bechnology (FIT). which as a diagnostic toal
has broad application across the whole spectrum of physiological
measurements. In this paper, FIT is used o measure the renal
clearance of an ultra low-dose administration of a clinicall ¥ available
contrast reagent for the purpose of obtaining an accurate glomenilar
fAlration rate (GFR) measurement. Biomarker-based GFR estimates
offer convenience, but are not accurate and are often misleading. FIT
overcomes previous analytic bamiers associated with obtaining an
accurabe: GFR measurement. We present the performance character-
istics of this diagnostic test and demonstrate the method by directly
comparing GFR values obimined by FIT to those obtained by an FDuA
approved nuclear test in 20 adults. Two subjects were healthy volun-
teers and the remaining 18 subjects had diagnosed chronic kidney
dissase, with 12 being kidrey transplant recipients. Measured GFR
wvalues were calculated by the classic UV/P method and by the blood
clearance method. GFR obmined by FIT and the nuclear test corre-
lated closely over a wide range of GFR wvalues (109-102.1
ml- min—1-1.73 m~2). The study demonstrates that FIT-GFR provides
an accurate and reproducible measurement. This nonradicec tive, im-
munoassay-based approach offers many advantages. chiefAy that most
laboratonies already have the egquipment and rained personnel neces-
sary to mun an ELISA, and therefore this important diagnostic mea-
surement can more readily be obtained. The FIT-GFR test can be usad
throughout the pharmaceutical development pipeline: preclinical and
clinical rials.

renal function:, chronic kidney discase; transplant

THE MEASUBEMENT OF PHYSIOLOGICAL systems is umportant in
biomedical research and has application in clinical diagnostics.
However, the ability to measure many Kinelic processes in vivo
has been restricted (o laboratories having either the ability to
use radioactive materials or the capability of maintaining
expensive and specialized analvtic equipment. In this report.
we present a new approach to measure physiological systems
that offers a preater level of access. This approach is called
functional immunoassay technology (FIT) that combines three
simple concepts which together become a powerful tool to
facilitate many physiological tests (91, The first step of FIT
requires an administration of a nonradioactive xenobiotic re-
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agent designed to measure a specific physiological parameter.
The second step of FIT uses immunoassay as the readount
systemn to quantify the concentration of the xenobiotic reagent
in samples-of-interest collected at specific time intervals post
administration. The third step uses these readouts as inputs (o
calcnlate the functional parameter for the system-of-interest.
Examples of functional measurements wherein FIT has appli-
cation include, but are not limited to, the measurement of
glomeralar fAltration rate, renal blood fAow, intestinal transit,
plasma volume, total Auid volume, membrane permeability,
and hepatic receptor activity. FIT provides a nonradioactive
platformm that can be readily adopted by most research and
clinical laboratories. To demonstrate the concept of FIT. we
applied this technology for the measurement of glomemlar
filtration rate (GFR].

An accurate measurement of GFR is critical for the man-
agement of patients with chronic kidney disease (CEIDM), renal
transplant recipients. and the evaluation of potential transplant
donors. This diagnostic test is also needed in renal physiclogy
research and in clinical trials of pharmaceutical agents, where
accurate assesament of renal function is important. Estimated
GFR derived by evaluating the fluctuation of aaturally occur-
ring biomarkers have been shown (o provide limited diagnostic
wvalue for these applications (8, 11-17, 20}, as highlighted in a
recent systematic review of 23 stndies conceming the perfor-
mance of creatinine-based GFR estimates in kidney transplant
recipients (21,

After careful review by the MNational Kidney Foundation, the
direct measurement of GFRE remains the “gold standard™ for
assessing kidney function (14 The diagnostic procedure (o
accurately measure GFR is simple and straightforsard. The
procedure requires the administration of a GFRE probe follow ed
by timed blood or blood and wrine collections. The historical
barrier to universal use of a measured GFR test has been its
association with radicactivity or the unsuitability of the ana-
Iytic component of a nonradicactive test precluding its adop-
tion mnto a routine clinical laboratory due to the requirement for
specialized equipment. complex analytical procedures, and
slow sample throughput.

In this report, we describe and present the performance
characteristics of the FIT-GFE test. Because this diagnostic
test has applications in basic research, veterinary medicine and
human clinical research, we also evaluate potential interference
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from different species semum. As part of our initial validation,
we presenl the results of a clinical study that demonstrate the
accuracy of the FIT method to measure GFR in humans. The
study comprised healthy voluntesrs and patients with diag-
nosed CED» many of whom are kidney transplant recipients.
The results of this smdy show that the FIT-GFRE method
provides an accurate measurement over a wide range of GFR
values,

MATERIALS AND METHODS
FIT-GFR Kit Components

ELISA FIT-GFR ke The FIT-GFR kit (BioPAL, Worcester, A
contains gadopentetate dimeglumine (Gd-DTPA) concentrate, rabbit
anti-Gd-DTP A antiserum, HRP-Gd-DTPA conjugate, and a goat anti-
rabbit IgG-coated 96-well plate. The composition of each component
is described in the package insert of the kit.

FIT-GFR Kir Validation

Sample interference. Sample interference was evaluated for rat,
mouse, feline, canine, and human serum. Samples were diluted 1:0,
L:10, 12200 1:50, 1: 100 into sample diluent. Fifty microliters of diluted
sera sample were pipetted into sample wells in miplicate and pro-
cessed following the standard assay protocol. The resulting optical
density values were compared with the mean zero standard value.

Cross-reactivity. The cross-reactivity of a number of chelates with
anti-GA-DTPA antiserum were assessed. Among the compounds tested
wene gadolinium, DTPA, Gd-DTFA, DOTA, Gd-DdOTaA, EDTA, Gd-
EDTA, cirate, and succinabe. Varous common drugs, such as aspirin,
Tlenol, and ibuprofen were also tested.

Sensifivity. As previously described by Anderson (23, the limit of
detection (LIOD) and the limit of quantitation (LOC) were determined
by measuring 15 blank replicates of human semm containing no
Gd-DTPA at two dilutions (undiluted and 1:3005, 15 blank replicates
of human urine containing no Gd-DTPA at two dilutions (undiluted
and 1:3,0000, and 15 blank diluent samples. The standard curve was
run in wiplicate. The mean value and standard deviation (S0 for each
sample st were determined. The LOD was calculated as the means *=
35D, and the L) calculated as the means value = 105D

Accurnacy and precision. Intra-assay replicate analysis (s = 100 and
interassay replicate analysis (n = 5) at two levels of Gd-DTPA (low
0007 pg'ml: high 0.065 pgfml) were determined. The interassay
replicates were collected over 5 mo. Accuracy was defined as the
range of percentage differences between the means * 25D of back-
calculated concentrations and real standard values. Intra-assay and
interassay precision were expressed as the percent coefficient of
varation (CV) of the measured Gd-DTPA concentration, i.e., %0V =
100 - 500 me an.

Comparison Siudy

Experimersal protocol. The study was approved by the Internal
Review Board and was performed in adherence to the Declaration of
Helsinki, and informed consent was obtained from all subjects. The
imvestigation was performed using 20 subjects (14 men), ranging from
3071 yr of age. Two subjocts were healthy volunteers with no known
history of renal disease or diabetes. The remaining 18 subjects had
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diagnosed CED, wherein 8 were diabetic, 12 received a kidney
transplant, and 1 received a liver transplant. All subjects received
Lugol’s solution before the stant of the study to block thyroidal uptake
of mdioactive '*I. The height and weight of each subject were
measured. and subjects were encouraged to drink water throughout the

study.

[ﬁjl]i-:-dn:hmmnmatc (10 wCi, Glofil, IsoTex Diagnostics) and ga-
dopentetate dimeglumine (10 plfkg, 5 pmolfkg, Gd-DTFPA, Magne-
vist, Berlex) were intrave nously administrated to each subject. After
injection, blood and unine samples were collected, as shown in Fig. 1.
The dose of Gd-DTPA used in the study is 10 lower than the
recommendesd dose for magnetic resonance imaging (MEIL). The exact
time of the injection and each blood and urine collection was re-
corded, and the volume of each urine collection was measured. Blood
was collecked in semam separation tubes without anticoagulant and
centrifuged within 1 h.

Radiarion cownsing for [P35 fiodothalamare. One milliliter of se-
rum and 1 milliliter of urine from each collection were prepared for
radiation counting (Cobra I Auto-Gamma. Packard Instruments). All
samiples were counted twice for 5 min and comected for wacer decay
during the counting period.

ElISA procedure for FIT-GFR. Standards were prepared using
BioPAL™s diluent (00003, 0,01 0,03, 0.1, 0.3 pgfml). Using the same
diluent. semam and urine samples were diluted. It was determinead that
serum required a dilution of 1:300 and urine samples required a
dilution of 1:3%.000 to bring the samples within the active range of the
smndard curve. Fifty microliters of the standard or diluted sample
were combined in sequence in goat anti-rabbit IgG-coated plate wells
with 50 wl of HRP-Gd-DTPA conjugate containing a yellow dye and
50 pl of rabbit anti-Gd-DTPA contmining a blue dye. Upon combi-
nation, the wells containing all reagents became green and were
incubated for 90 min at 25°C. The wells were washed with a Tween
20 PES buffer (Elx50, Biotek Instmuments, Winooski, WT). Subsrate
i 100l was added to all wells and incubated for 30 min. Stop reagent
i 100 )y was then added. and the optical density at 430 nm for each
well was reconded. Using software supplied by the platke reader
(Multiskan Spectrum, Thermo Election), data from the standards were
fit to a four-pammeter logistic function. By interpolation, the concen-
tration of GAd-DTPA present in each sample was determined. The
analytic procedure required 3 h to compete.

GFR calcwlation via UVAP method. The protocal used in this shady
provides three TP measurements, as follows:

GFR, = U2-W2[Ty (Pl + P2V2].
GFR; = U3 -W3[Tinin- (P2 + PAV2].
GFRa = U4 - W4/ [T - (P3 + P4w2].

where U and P are the concentration of either [125])icd othalamate
fepmdml) or Gd-DTFPA (pg/ml) in urine or serum, respectively;, WV is
the volume (ml) of urine collected at each time point;, and T is the time
duration between urine collections (min). The three GFR= (mlfmin)
were averaged and then normalized per 1.73 m® of body surface arca
(BSAY, ie. (imlmini-1. 7%WBSA = ml-min~'-1.73 m™ 2.

GFR calcwlation wia blood clearance method. A one-compeart ment
blood clearance method was used in this study (3). The concentration
of [ licdothalamate (cpm/ml) and GA-DTPA (pe'ml) in each blood
sample was plotted as a function of time. The data were fit to a
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Fig. 1. Timeline of the study.
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one-exponential decay function, ie. ¥ = Be* The function was
integrated over the limits zero to infinity to obtain the area under the
curve (AUC), ie. AUC = BB (mg-min~t-ml V. The GFR value is
then obtained by dividing the administrated dose by the ATTC. The
GFE {ml/min} is then normalized per 1.73 m® of BSA.

Sample stabdlity. Blood and wrine samples from selected patients
were stored at 22, 4, and —20°C. After 1| mo, samples were removed
from storage and the FIT analysis was repeated and comparasd with the
original value.

Dhara analvsis. GFR values obtainsd by [M25]Jiodothalamate wers
considersd the clinical standard and were directly compared with GFR
walues obtained by FIT using the analyzizs of Bland and Altman (4).
FIT-GFR values were compared with the clinical standard by assess-
ing the bias of the GFR test (the difference betwesn the GFR test and
the clinical standard) and the precision between the GFR best and the
clinical standard (=), with the accuracy expressed as the percentage of
the GFRs that fell within 20% of the clinical standard. In addition,
Student’s r-test was also used to evaluate smatistical differences be-
wesn methods,

RESULTS
FIT-GFR Kit Performance

The corresponding LOD for diluent and human sermim (un-
diloted and 1:300) and wrine (undiloted and 12300000 was
00010 pe'ml for each matrix. The LOO) for diluent was
00024 pefml, for human seom (undiloted and 12000 wepe
00031 and 0.0020 pesml respectively, and for urine (undi-
luted and 1:2000) were 0.0036 and 0.0024 pg/ml. respec-
tively. The presence of human serum or urine did not have a
significant effect on the baseline measurement. Moreowver, for
additional species tested, there was no measurable sample
interference observed with serum at any dilution level, includ-
ing undiluted zeruim.

The optical density readout and the comesponding Gd-
DTPA concentration for the replicaies from the intra-assay
analysis of the low and high controls are provided in Table 1.
The intra-assay SCWs for the low and high controls were 4.3
and 2.3, respectively, and the corresponding measured Gd-
DTPA concentrations were 00076 = L0003 and 000660 %=
00015 pe'ml respectively. For the interassay analysis, the
measured Gd-DTPA concentrations for low and high controls

Table 1. Optical density and concentration for Gd-DTPA
From replicates from infra-assay analyvsis of low
and Righ controls

Lo Caniral High Conirol
Conceniration, Comcarkration,
DOptical Density Rafml Oiptical Dreraiby wp'ml
I 0a841 0.0075 031532 L0548
2 06720 Q00sz 03035 0068
L 06812 Q0T 03071 00571
4 06833 00075 0300 00572
] 06771 QLooe 03089 00664
& 0.6935 QLooo 03009 0.0G60
F 06864 0074 03125 00630
& 0aE12 Q.0077 03189 00534
L 0LETES QLO0e 03092 00563
10 06824 Q0ovs 03126 OL0G50
Mean 06818 Q007s 03101 QL0560
D 0.005 Q0ms 00038 00015
&LV 0.8 43 12 23

CW, coefficient of wariation; Gd-DPTA. gadopentetate dimeglumine.
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were L0075 = 00005 and 0.0627 = 000043 po'ml, respec-
tively, corresponding to interassay %CWVs of 6.7 and 6.8,
respectively.

As expected for the cross-reactivity evaluation, Gd-DTPA
interacted with the antiserum (1009%), as did DTPA (505
However, the other chelates and commonly used drugs tested
did not interact.

Comparison Stady

For the 20 human subjects tesled, the range of GFR values was
10.9-102.1 ml=-min~*-1.73 m~3 The FIT-GFR test provides
comparable results to those obtained by the FDA-approved test,
demonstrating a high degree of precision and accuracy (Figs, 2
and 3. The comparison of the classic UVP method shows that
the biaz between the two tests was —207 ml-min~*-1.73 m—3,
precision was 200 ml-min~'- 1.7% m ™2, and the accumcy was
such that 95% of the subjects had FIT-GFRs within 209 of the
nuclear test (see Fig. 28). For the blood clearance method, the bias
hatween the two tests was —4.58 mil-min ~'-1.73 m~— 2, pecision
was .16 ml-min~*-1.73 m™> and the accumcy was such that
Q0% of the subjects had FIT-GFR=s within 20%% of the nuclear
blood clearance test (see Fig. 38). Themr was no statistical differ-
ence measured betwean FIT-GFRs obtained by either UVYP or the
blood clearance method compared with the clinical standard.

Sample Stability During Storage

After 1 mo, there was no significant change between the first
and second FIT-GFR values observed with samples stored at
22 and 4°C. However, samples stored at —20°C proved to be
unstable.

Serum and urine samples that were stored at 4°C were
diluted 1: 10 with a 0.01 M Tris buffer (pH 7.4) containing 109%
glveerol and then stored at —20°C. After | mo, there was no
significant change between the first FIT-GFR value obtained 2
mo earlier compared the FIT-GFE value obtained from frozen
samples stabilized with 10% glycerol (data not shown).

DISCUSSION
FIT Diagnostic Plaiform

This report presents for the first time a technologically
realistic approach to measure GFR in the laboratory setting.
The analytic arm of this test relies on FIT. This immunoassay-
based approach eliminates all major analvtic barriers, becauss
most clinical and research laboratories already have the equip-
ment and trained personnel pecessary to run an ELISA. In
addition. immunoassay offers high sample throoghpot and
potential automation. The GFR probe used for the test is a
known GFE marker that is nonradioactive and is a clinically
available contrast reagent ( 107, Given the sensitivity of immu-
noassay. the dose required for the FIT-GFR test can potentially
be orders of magnitude lower than the required dose for a
standard MEI examination.

As important, this report also introduces the general concept
of FIT, which iz a new diagnostic platform. Conventional
immunoassay tests are analog in natare (present or absent),
confirming the diagnosis of disease or the presence of a foreign
substance. FIT diverges from thiz convention by designing
tests o evaluate and gauge the functional performance of an
organ or organ system by seguential measuremenis of an
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exogencusly administrated compound. thereby allowing the
calculation of a kinetic parameter {see Fig. 4). FIT combines
the techniques of immunoassay as a readout system with the
concept of pharmacokinetics, the introduction of a xenobiotic
reagent, (o measure the Kinetic behavior of an administrated
compound or 2et of compounds. Limits on the rate of clearance
of accumulation of the compound as measured in biological
material provide the input parameters o calculate a functional
index for the system of interest. GFR iz one example of a
functional parameter that can be accurately measured by FIT.

The results of this study clearly demonstrate that the FIT-
GFE test is sensitive for the detection of Gd-DTPA and
provides an accurate and reproducible measurement with a
high degree of precision. The presence of serum from a rangs
of different mamimnals did not interfere with the ELISA's
performance. The results of this study also demonstrate the
feasibility of using this immunoassay-based readout system o
measure GFR in humans. Although this stody is limited in size,
the sample population spans a wide range of GFR values. The
results of this study show that the FIT-GFR kit accurately
measures GFR., compared with the clinical standard. Figure 2
shows the comparison of GFR values obtained from the TTV/P
method. The data vimually fall on the line of unity (Fig. 24,
wherein the error is evenly distributed across the mean from
high t© low GFR wvalues (Fig. 2ZB). Figure 3 presents the

Average GFR

comparison of GFR values obtained from the blood clearance
method. Although the same blood sample values used for the
WP calculation was used for the blood clearance calculation,
the bias and precizsion of the blood clearance method were not
as good compared with the UV/P method. This is largely due
to ermors in measuring the administered dose for each com-
pound that is required for the calculation. For Gd-DTPA. the
injected dose is obtained by measuring the syrings bafore and
after injection. Because the total volume of Gd-DTPA was in
the range of | ml, the injectate can be accurately determined.
However, measuring the high specific radioactivity of
[***Ilicdothalamate in a much smaller volume (0.1 ml) sub-
jected this measurement t© a greater degree of error. The
poorer result obtained by the blood ¢learance method is largely
due to errors associated with measuring the adiministrated dose
of each compound. Mevertheless, even the results of this
comparison are good.

At the Gd-DTPA dose usad in this study. serum required a
dilution of 1:300 and urine samples required a dilution of
1:3.000 1o bring the samples within the active range of the
standard curve. Because no measurable sample interference
was obzerved with human semim and urine suggests that the
administrated dose could be lowered by as much as two orders
of magnitude, which in turn would result in a proportional
reduction in the dilution factors for serum and urine. In addi-
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Fig. 4. Comparson of comversional immunoassay and FIT.

fion, the high level of sensitivity offered by FIT suggests that
single-nephron GFR measurements are possible using this
technology.

In addition to the ultralow dose of the GFE probe, another
advantage of the FIT platform is that it requires only a small
amount of sample for processing, e 50 pl of serum or urine
of less. As aresult, thizs diagnostic ool can be more easily used
to measure GFE in small animal models, such as rodents.
Because only a minute amount of sample is consumed by the
analysiz and becanse Gd-DTPA is stable in serom and urine
samples, samples can be archived and then reaszayed at a later
date. This 12 another important advantage for clinical research
and drg development. More importantly, because the integrity
of the sample does not degrade over time. samples can be
collected at a clinical setting and then transporied to a remote
clinical reference laboratory for analysis. Because Gd-DTPA is
a clinically available MEI contrast reagent, the FIT-GFE. test
offers researchers the ability to use the same diagnostic probe
throughout the pharmaceutical development pipeline, ie.. pre-
clinical through human clindical trials.

Measured GFR vs. Estimated GFR

The main advantage of a measured GFRE is ifs accuracy.
reproducibility, and reliability. A measured GFR test relies on
measuring the renal clearance of an administrated fAltration
marker under controlled conditions. An ideal filtration marker
iz a reagent that is frealy filterad at the glomerulus, is not bownd
(o plasma proEins, is not reabsorbed, secreted, or metabolized
by the tubules, is nontoxic, and is physiologically inert. There-
fore, the kinetic clearance of a filtration marker is only influ-
enced by a change in kKidney function and will always provide
the correct GFR. value. As a result a measured GFR remains
the “gold standard™ for assessing kidney function (14).

An estimated GFER is derived from evaluating the Auctuation
of naturally existing biomarkers. Biomarkers are compounds
that exist naturally in the body and can be excreted by the
Eidney. The accumulation or reduction of these biomarkers in
the body can provide an estimnate of renal function. Unfortu-
nately, all biomarkers are influenced by a wide range of
nonrenal factors that can vary across different patient popula-
fions and disease states and can also vary in time., Compromis-
ing the accuracy of the test. For research applications, biomar-
kers can vary across different mammalian models. A preat deal
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of effort has been devoted toward the development of comec-
tion formulas (o improve the diagnostic value of biomarker-
based estimates. Although these efforts have attained some
level of success, given the large mumber of variables, both
knowrn and unknown, estimated GFR tests are not likely to
achieve the high level of accuracy, reproducibility. and reli-
ability associated with a measurement-based test.

Gid-DTPA as @ GFR Probe

A major achieverment of this repodt is the demonstration that an
ELISA test can be developed for a small-molecular-weight re-
agent for the purpose of measuring GFE. Although altemative
reagents could have been chozen, Gd-DTPA was selected because
Iy GAd-DTPA has an excellent safely profile compared with
iodinated CT contrast reagents; and unlike inulin, 7 GAd-DTPA is
clinically available for human use ) is not expensive, and 4) is
available in more than 100 countries worddwide. As a result, an
ELISA -based, Gd-DTPA GFR test could be universally wsed in
most research and clinical settings.

Eecently, there have been concerns raised about the general
use of gadolininm-containing compounds in patients with se-
wvere renal insufficiency. Le., stage V patients having a GFE of
15ml-min~—'-1.73 m™2 or lower, due to gadolinium’s potential
association as a trigger for nephrogenic systemic fibrosis (MSF)
in this patient subgroup (195 MNSF 15 a systemic fibrosing
disorder that was first described in the literature n 2000, with
the first reported case going back to 1997 (6). The disease has
been reported only in patients with severe renal impainment.
The etiology of MSF is still unknown but is likely multifacto-
rial. having a strong link to specific gadolinium-containing
contrast reagents.

As of April 2008, the vast majority (91%) of confimmed
clinical MSF cases are attribuied to the use of one specific
padolinivm-containing reagent, gadodiamide (Omniscan; Gd-
DTPA-BMA), while in comparison, only 49% of the confinmed
cases were associated with Gd-DTPA and 2% of the cases
involved patients that were not exposed (0 gadolinium-contain-
ing reagents (5). This disparity cannot be attributed to market
share, becanse Magnevist (Gd-DTPA) outsells Omniscan by
nearly 2:1 in the United States (1) The current body of
knowledge is largely based on retrospective clinical studies,
wherein propozed mechanisms for the roof cause cannot be
tested. Recently., two basic science investigations have
emerged that have tested potential trigger mechanisms under
control conditions. Edward et al. (7) showed that the compound
Ormniscan acts as a growth factor and promotes the growth of
fibroblasts. This effect was specific to Omniscan, not free
gadolininm, and was dose dependent. Their findings comple-
ment a second paper that demonstrates that high doses of
Omunpiscan will induce NSF-like pathology in rats, but high
dozes of GAd-DTPA will not induce MNSF (12, Although the
canse of MSF still remains unknown, the link between MSF and
gadolinivm-containing compounds may prove to be doss de-
pendent and compound specific. Although caution should al-
ways be given when regents are administered that clear via the
kidmeys to patients with severs renal insufficiency, the FIT-
GFERE test uses an ultralow dose of Gd-DTPA as the GFE probe
and is expected to be safe for the wast majority of research
applications.
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Cost Advaniage of FIT-GFR Test

An advantage of the FIT-GFR test over competing analytic
methods is cost. The FIT-GFR kit iz currently provided as a
fixed 9&-well plate, wherein 12 wells are needed for the 5
standards and 1 blank that are run in duplicate. Therefore. the
cost on a per subject basis is tied to the number of samples
generated by the chosen GFRE protocol. For example. in the
human clinical trial presented above, two different GFR pro-
tocols were used. For the TP protocol, seven saimples needed
to be analyzed in duplicate per subject. As a result, six subjects
can be processed per plate at a direct cost of $50 per GFR
measuremeant, whereas for the blood clearance protocol, only
four samples per subject were needed for analysis to obtain a
GFR measurement. Therefore, 10 subjects can be processed
per plate at a cost of 330 per GFE measurement. Many
researchers advocated the three-point blocd clearance method
to minimize the number of blood collections. For such a
protocol, 14 subjects can be processed per plate. reducing the
cost to 521 per GFRE measurement. Because only a minute
amount of Gd-DTPA (Magnevist) is needed per injection, the
probe cost per subject 12 negligible. Moreover, because most
analytic and clinical laboratories routinely mn ELISA tests,
these facilities already have the equipment. infrastructure, and
trained personnel needed to mn a FIT test. Therefore, the
startup costs are low.
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