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Performance data for the N-geneous LDL cholesterol test

The following sections report performance
studies for the N-geneous LDL test. The
MN-geneous LDL test was directly compared
with the beta-quantification reference
method in a study conducted at Pacific
Blometrics Research Foundation (Seattle,

Washington), a CRMLN reference lobaratory,

The N-geneous LDL test was also directly
compared with the first-generation Direct
LDL Cholesteral Immunoseparation test ina
study conducted at Sekisul Diognostics on
a Hitachi 211 outo analyzer, Reported in the
following pages are the 11 different studies

that were conducted: method comparisons;

precision; tatal errar; linearity; Intferference;
sample type: fast-fed; sample Integrity.

METHOD COMPARISONS

Figure 3 depicts the regression eguations and
correlations that resulted when the N-geneous
LDL test was compared to beto-guantifica-
tion (using 54 normaotriglyceridemic samples)
and the Direct LDL immunoseparation test
(using 92 normaotriglyceridemic samples). In
the comparnson of the N-geneous LDL test
versus beta-quantification, the mean bios
was -2.62 rmg/dL and the mesan percent-
age blas was -1.9%. In the comparlson of
the N-geneous LDL test versus the Direct LDL
immunoseparation test, The mean bias was
-2.81 mg/dL and the mean percenfage blas
was -2.0%. In this analysls, the N-geneous
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THE BETA-QUANTIFICATION
REFERENCE METHOD

The Centers for Disease Control (CDC) refer-
ence measurement procedure s the national
standard far LDL cholesterol testing, os rec-
ommended in 1995 by the expert laboratary
panel convened by the NCEPA" The CDC
reference method uses a single ultracentrifu-
oatlon of plasma at its own nonprotein density
of 1.006 g/mL.The VLDL and chylomicrons
float in the supernote affer centrifugation,
while the LDL and HDL remain below in the
Infranate. Cholesterol is measured In the
Infranate (for the sum of LDL and HDL choles-
terol), and then the HOL cholesterol |s precip-
ltated and measured alone. LDL cholesterol
is then calculated as the total infranate (LDL
plus HDL) cholesteral minus the separately
measured HDL cholesteral. This LDL reference
procedure is called "beta quantification”
because LDL lipoprateins migrate to the betfa
zone durlng serum protein electrophoresis

— the movement of charged particles in a
fiuid or get under the influence of an slectric
field. Beta gquantification for LDL cholesterol

is technically demanding and outside the
range of normal clinical laberatories.

The expert laboratory panel convened by
the NCEP in 1995 also established analyfical
performance goals for measurement of lipids
and maijor lipoproteins based on the need

to reliably categorize patients. and the CDC
created a Cholesterol Reference Method
Laboratary Network (CRMLN) that certifies
clinleal diagnostic products measuring TC,
HDL cholesterol, and LDL cholesterol.” The
CRMLN laboratories use the appropriate
lIlpopratein reference methods or designated

comparison methods rigorously standardized
to the CDC reference methods. For tests of
LDL cholesterol, like the N-geneous LDL fest,
the following NCEP performance criteria
apply';

* Aninaccuracy value of =4%. Inaccuracy
refers to the systemic blas of a test In com-
parison with the reference measurement,

¢ An imprecision value of =4%. Imprecision
refers to how closely repeated measure-
ments agree with each cther,

* A {otal error of =12%. Total error is the com-
bination of the values for Inaccuracy and
imprecision. The tolal error criterlon means
that the values cbtained by a clinical
diagnostic fest should be within 12% of the
true values as defermined by the refer-
ence methaod.

THE FRIEDEWALD FORMULA

Developed in 1972, the Friedewald formula
calculates LDL cholesterol by using mea-
sured values of TC, HDL cholesterol, and TG,
and an estimated value for VLDL cholesterol
(VLDL cholesteral = TG/5)." The Friedewald
formula used the following calculation:

LDC cholesterol = TC minus HDL cholesterol
minus VLDL cholesterol®

*Estimation of VLDL cholesterol = TG /5

As can be seen, the formula requires three
independant lipid analyses, sach of which
contributes a potential source of total error.
The forrmula also involves a potentially Inac-
curate estimate of VLDL cholesterol, since no
direct VLDL cholesterol assay is avallable. The
divisor of 5 for the calculation of VLDL choles-
terol (TG/5) in the Friedewald formula adds

2015 Sekisul iognostics, LLC. All rights resarved 7
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Infroduction

The N-genesous LDL cholesterol test (Sekisul
Diagnostics). developed in the late 1990s,
was the fist homogeneous LDL cholesterol
assay to be made commerclally avallable
worldwide, Today, the phrase "direct LDL
cholesterol test” can refer to any one of
several different homogeneous methods of
directly measuring LDL cholesterol — methods
that do not reguire either a preliminary sep-
aration step or manual manipulation of the
sample for measuring LDL cholesterol values
The N-geneous LDL cholesterol fest is one of
those homogeneous methods.

Direct LDL cholesterol tests were speclfiically
developed to overcome limitations of the
Friedewald formula, a method of estimat-
Ing LDL cholesterol values that is based on
separgte measurements of total cholesterol
(TC), high-density lipaprotein (HDL) choles-
teral, and triglycerides (TG).)? As determined
by the Friedewald formula, calculated LDL
chaolesteral values represent the accumu-
lated impreclsion and Inaccuracy of thres
different measurements, are not accurate In
the presence of elevated triglyceride levels
(such as In diabelic patients), and require
fasting samples.? Given that LDL-cholesteral
values have formed the cornerstone of
cardiovascular disease management, It has
been an ongoing Ireny of contemporary
rmedicine that this estimate s used for freat-
rment dacisions rather than a real and direct
measure, a measure thatis both standard-
lzed and reproducible, In 1995, the expert
laboratory panel of the US Natlonal Choles-
terol Education Program (NCEP) stated that

LDL chalesteral should be directly measured
because of the limitations of the Friedewald
forrmulc.?

This monograph describes how the
N-geneous LEL cholesterol test works and
presents the orlginal comparative research
that earned approval of the test by the US
Food and Drug Administration (FDA), The
use of the N-geneous LDL cholesterol test

Is cllscussed in the context of the new 2013
guideline from fhe American College of
Cardiology (ACC) and American Heart
Association (AHA) an the treatment of
blood chaolesterol fo reduce atherosclerofic
cardiovascular disease (CVD).#

LDL CHOLESTEROL

There s a demonstrated direct relationship
between levels of LDL cholesterol and the
pathegenesls of atherosclerofic CVD.A In
recognition of this direct relationship, major
CVD risk-reduction guidelines worldwide
have strongly emphasized the importance of
measuring — and then if necessary lowering
— levels of LDL cholesterol in order to pre-
vent the developrnent of CVD or to lessen
the risk of cardlovascular events In persons
with established CVD.A?

Substantial clinical trial evidence haos demon-
sfrated that a reduction of LDL cholesterol

by means of drugs and/or lifestyle changes
can lower cardiovascular events.’® Conse-
quently, for 40-plus years, a large ongolng
public health effort has recommended that
all odulfs be screenad for cardlovascular

risk by measurerment of TC, LDL cholssterol,

2015 Sekisul iognostics, LLC. All rights resarved 3



HDL cholesterol, and TG, All four of these
lipopratein measurements can help assess
adult CVD risk. But the consensus corner-
stone for making treatment decislons has
been the measurement or calculation of LDL
cholesteral, In the 2003 report of the Adult
Treatment Panel of the NCEF, a program
overseen by the US National Heart, Lung and
Blood Institute (NHLBD, the recommended
LDL cholesterol therapeutic goal for adults
was a value <100 mg/dL. For high-risk per-
sons, the recommended LDL cholesteral
goal was elther a value <70 mg/dL or a total
pereentage reduction of LDL cholesterol In
the range of 30% to 40%.

In November 2013, the ACC and AHA,
taking up the guideline role from the NHLBI,
Issued new recommendations for reducing
blood chaolesterol fo reduce the risk of
atherosclerofic CVD In adults. Noting that

1 In.3- Americans still die of heart disease
and stroke, these recommendcdtions again
emphasized that most CVD s preventable
with a healthy lifestyle and with treaiment
of high cholesterol and blood pressure:

However, the ACC/AHA guideline shifts the
focus from specific LDL cholestera| treatment
targets, such as <100 mg/dl or <70 mg/dL

to the appropriate intensity of statin therapy.,
which Is gauged by the overall percentage
reduction of LDL cholesterol values. The
guideline aufhors nofed three problems asso-
ciated with the previous strategy of reducing
LOL cholesterol levels below certain specific
target goals. First, the evidence from ran-
domized controlled trials did not consistently
indicate what the target LDL cholesterol
goals should be. Second, that evidence did

not indicate the magnitucle of additional
CVD risk reduction that could actually be
obtained by successiully targeting the goal
of LDL cholesterol <70 mg/dL rather than
<100 mg/dL. The third and most compeling
reason for shiffing the guldeline focus was
the accumulated wisdom that the evidence
did not adequately take Info account the
potential adverse effects from the aggressive
dose fitration and/or multidrug therapy (in-
volving the addition of niacin or other agents
along with statlns in the treatment regimen)
expressly employed in order fo achieve the
target LDL cholesterol values.

The evidence from randomized controlled
trials showead Instead that the Incldence of
CVD events was affected by the infensity

of statin use: “high infenslity” use, which can
lower baseline LDL cholesterol values by
=>50%, or "moderate intensity” use, which can
lower baseline LDL cholesterol valuas by 30%
to 49%. ("Low Intensity” use |s reserved for
people who connot tolerate “high intensity”
or "rnoderate Infensthy” statin use).

The shift in emphaosis in the new ACC/AHA
guidelines thus represents a backing off from
targeting specific LDL chaolesterol valles to

a position of targeting percentage reduc-
tlons of LDL cholesterol values. As guldance
for clreumstances when baseline levels of
LDL cholesterol are not known, the guideline
authors reference the finding In randomized
clinical trials that achievement of LDL choles-
terol values <100 mg/dL was associated with
high-intensity statin therapy. !

The new guldelinas distinguish four patient
categories and indlcate for each the appro-
priate amount of LDL-cholesterol lowering

L2015 Sekisul Hognaostics, LLC, All rights resenved.



to be achieved with statin therapy. The four
patient categories are: (1) individuals with
clinlcal atherosclerotic CVD; (2) individuals
with LDL cholesterol values =190 mg/dL:

(3) Individuals aged 40 to 75 years with
diabetes, with LDL cholesteral values be-
tween 70 mg/dL and 182 mg/dL, but with-
out atherosclerotic CVD, for whom 10-year
atheresclerotic CVD risk has been estimated
using the guideline risk calculator, and

Table

(4) individuals aged 40 to 75 years of age
without diabetes, with LDL cholesterol val-
ues between 70 mg/dL and 189 mg/dL for
whorn 10~year atherosclerotlc CVD risk hos
been estimated using the risk calculator,

1 breaks out the appropriate Intensity

of statin therapy for each of these patient
categories, and for some subgroups within
the categorles. based on the guidelines.

Table 1. Intensity of statin therapy for the four main statin benefit groups

High-intensity Moderate-intensity Low-intensity
statin therapy statin therapy statin therapy
Appropriate amount of LDL
cholesterol lowering by means =580% 30% fo 49% <30%
of daily statin dose
Indications Statin benefit group 1, Statin benefit group 1. To be used when high

patients <76 years of age
Statin benefit group 2

Statin benefit group 3,
for those persons with a
10-yaar atherosclerofic
CVD sk =27.5%

Statin benefit group 4,
for those persons with a
10-year atherosclarotic
CVD risk =27.5%

patients =75 years of age  or moderate Intensity
statin therapy cannof
Statin benefit group 3 be tolerated
Statin benefit group 4,

for those persons withra

10-year atherosclerofic

CVD risk 27.5%

Statin benefit group 4, for
those persons with a 10-year
atherosclerotic CVD risk
between 5% and <7.5%

Statin benefit group 1: Persons with clinical atheroscle-
ratic cardiovascular disease, defined as acute caronary
syndromes or a history of myocardial infarction. stable
angind, coronary or ottier arterlal revascularization,
stroke, framsient lschemic affack, or peripharal arterial
diseqse presumed to be of atherosclerotic origin.

Statin benefit group 2: Persans with LDL cholesteral
=190 mg/dlL

Statin benefit group 3: Parsons with diabetes oged 40

ta 75 years and with on LDL cholesterol level betwesan
70 mg/dL and 189 mg/dL who undergo an estimated
10-year atherosclerafic CVD risk using the rlsk coleuiator,

2015 Sekisul iognostics, LLC. All rights resarved

Statin benefit group 4: Persons aged 40 ta 75 years
without diabetes and with an LDL cholestergl level
betwean 70 mg/dL and 189 mg/dL who undergo an
estimated 10-year atherosclerafic CVD risk using the
risk calculator.

Source: Stone Nl et al"



A primer on LDL cholesterol festing

LIPOPROTEINS

Plasma lipoproteins are spherical parficles
containing varying amounts of free choles-
terol, cholesteryl esters, triglycerides, phos-
pholiplds, and proteins. They are classified by
thelr buoyant density, which Inversely reflects
their size. The free cholesterol, phospholiplds,
and protelns constiiute the outer surface of
the lipeprotein particle, while the inner cors
of the parficle contains ssterified cholesteral
and triglycerides. Table 2 shows the five mojor
classes of lipoproteins: chylomicrans, very-
low density lipoprateins (VLDL), intermediate
density lipoproteins (IDL), LDL and HDL.™#

Lipoproteins enable the fransportation of
lipicls — such as cholesteral, phasphollpids,
and triglycerides — within extracellular fluld,
including the bloodstream. Of these different

Table 2. The five major classes of lipoproteins

lipoprateins, LDL Is the major carrier of cho-
lesteral In plasma. LDL Is defined as a lipo-
protein particle with density ranges between
1.019 g/mLand 1.063 g/mL. In terms of per-
centage weight, fhe LDL particle contains
approximately 50% cholesteral, 25% protein,
20% phosphollpid, and 5% triglyceride.

The current methods of meosuring LDL
cholesterol can be broken down into three
categories: (1) the LDL cholesterol reference
method; (2) the calculation, called the
Friedewald formula, that estimates LDL
cholesterol values; and (3) the Direct LDL
cholesteral method, Homogenous methods
do not require elther a prellminary separa-
tlon step (ke dlfracentrifugation) or manual
manipulation of the sample: the sample
tube can be run directly on an automated
chemistry analyzer,

Chylomicrons ViDL IDL LDL HDL
Density (g/mL) <095 <1.006 1.006-1.019 1.019-1.063 1,063-1.210
Diameter (nm) 75-1200 30-80 25-35 18-25 50-120
Mass (kDa) 400,000 10,000-80,000 5,000-10,000 2,300 175-340
% protein (surface) 1.5%-2.5% 5%-10% 15%-20% 20%-25% 40%-55%
% phospholipid (surface) 7%~9% 15%-20% 22% 15%6-20%% 20%-35%
% free cholesterol (surface) 1%-3% B%-10% 8% T 1 0% I%-4%
% triglycerides (core) BA%-89% 50%-65% 22% 7%-10% 3%-5%
% cholesteryl esters (core) 3%-5% 108:-15% 0% 35%-40% 12%

Adapted from: Hardlkar W, Suchy FJ1.'?
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error o all LDL cholesterol estimates, but it s
especially inappropriate for individuals with
elevated triglyceride levels.

The drawbacks of using the Friedewald for-
mula for calculation of LDL cholesterol levels
are well known: (1) the foarmula involves an
estimation by calculation; (2) it requires mul-
fiple assays and multiple steps. each odding
a potential source of error; (3) it Is incccurate
as triglyceride levels increase; (4) If requires
that patients fast for 12 to 14 hours prior to
spacimen caollection to avoid a triglyceride
blas; and (&) it Is not stondardized.'4's The
Friedwald formula cannot be applied for
people with elevated friglyceride levels
(=400 ma/dL or 4.5 mmol/L). In a recent
study, LDL cholesterol values calculated by
the Frledewald formula were compared
with those measured by verical spin density
gradient ultracentrifugation, a laboratory
rmethod closely callbrated with beta quanti-
fication by one of the CRMLN laboratories.?
The Investigators found that the LDL choles-
ferol values routinely calculated with the
Friedewald formula were prograssively lower
than directly measured values as triglycerids
levels increased. When triglyceride levels were
=150 mg/dL the Friedewald farmula com-
manly classified LDL cholesteral as <70 mg/dL
despite directly measured levels =70 mg/dL.2

Because the reference method for LDL cho-
lesterol measurement is not appropriate for
the radfine clinical laboratory, and because
of the drawbacks of the Friedewald formula,
os noted before, the expert loboratory panel
of the US NCEP called for the commerclal
development of direct measures of LDL
cholesterol.®

THE FIRST-GENERATION DIRECT LDL
CHOLESTEROL TEST: AN IMMUNO-
SEPARATION METHOD

The first available direct LDL cholesterol test —
the Direct LDL Cholesteral Immunoseparation
Reagent (Sekisul Diognostics) — used affinity-
purlfied goat polyclonal antisera to specific
human apollpoprotelns, which facllitoted the
removal of HDL and VLDL in the specimen,
After centrifugation, LDL remained in the
filtrate solution. The LDL cholesterol cancen-
fration was cbiained by performing an enzy-
matic cholesterol assay on the filfrate solution.
The advantages of this method were that

it offered a direct quantitation of LDL cho-
lesterol from one measurement, it did not
require patient fasting, and it provided ac-
curate LDL cholasterol measurements even

in the presence of elevated triglycerides.
However the fest was not fully automated,
and It was cumbersome to perform.

THE SECOND-GENERATION DIRECT
LDL CHOLESTEROL TEST: THE FULLY
AUTOMATED HOMOGENEOUS
METHOD

In1997, the N-geneous LDL cholesterol test was
infroduced as the first automated homogens-
ous LDL cholesterol test In the United States. As
a fully automated reagent system, N-geneous
LDL revolutlonized routing LDL cholesteral test-
Ing, enabling laboratones to realize significant
operafional benafits while af the same fime
Improving the quality of LDL cholesterol results,
This assay offered significant cost savings and
ease of use for laboratories. The N-genesous
LDL test met the NCEP performance goals for
LDL cholesterol testing In terms of inaccuracy,
Imprecision, and total srror.

L2015 Sekisul Hognaostics, LLC, All rights resenved.



N-geneous LDL Cholesterol Test

ASSAY PROCEDURE

N-geneous LDL s a liguid two-reagent
homogeneous method for the direct mea-
surernent of LDL cholesterol. The method is
completely outomated and opplicable to
rmost clinical chemistry analyzers. It does not
require any offine prefreatment, centrifuga-
fion, or reagent-reconstitution steps. Figure 1
provides a general schematic about how
the N-geneaus LDL test procedure works on
an autornated analyzer and the length of
fime It takes.

Figure 1. A schematic of the N-ganeous LDL test
procedure for an autornated analyzer.

ASSAY PRINCIPLE

N-geneous LDL ks o two-reagent format that
depends on the properfies of a unique de-
tergent. The detergant (reagent 1) hydrolizes
anly the non-LDL lipoprotein particles. The
cholesterol that Is released Is cansumed by
cholesterol esterase and cholesteral oxidase
In @ non-color forming reaction. A second
detergent (reagent 2) then solubilizes the
remaining LBL particles, and a chromogenic
coupler allows for color formation. Choles-
ferol color development is praportional to
the amount of LDL cholesterol present in the
sample. Figure 2 deplcts the two-reagent

effects of the N-geneous LDL cholestersl test.

2015 Sekisul iognostics, LLC. All rights resarved

Reagent 1: 300 pL Reagent 2: 100 pL
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Figure 2. A graphic depiction of the
two-recgent format and process of
@ the N-genecus LDL cholesterol test.
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LOL test was substantially equivalent to the
beta-quantification reference method and
to the first-generation Direct LDL immuno-
seporation test,

To evaluate the effect of high levels of tr-
glycerides on the comparative performance
of the N-geneous LDL test versus beta-quarn-
fification, 19 patlent serum samples with

endogencus triglyceride values ranging from 407 mg/
dlto 12293 mg/dlL were added to the original 54 normo-
triglyceridemic samples. Figure 4 depicts the resultant
slope. intercept, comelation coefficient, and correspond-
ing scatter plot for all samples. This analysis showed that
the N-geneous methods had acceptable correlation with
beta-quantification even with samples exceading 400
mg/dL of triglyceride.

Beta quantification versus N-geneous LOL Figure 4. Regression equation and cor-
(all samples) relation with 19 patient serum samples
N =73, r=0.946, Slope = 0.919. Inter =9.983 that have endoagenous triglycerde
250 values ranging from 407 mg/fdlL to 1293
¥]
§ 200 - mgy/dL for the N-geneous LDL fest vetsus
3 3 150 beta-quantification.
@ o ® = normal serum, B = high triglyceride
€ 100
5 80
= . /
0 50 100 150 200 250
Bata quaniification LDL-C (rng/dl)
PRECISION

Within-run and betweaen-run precision studles
were conducted with the N-geneous LDL
Cholesterol lest using frozen serum pools

at three levels of LDL cholasterol: <130 mg/
dL (low); 130 mg/dL to 159 mg/dL (mid);
and =160 mg/dL (high). The within-run re-
sults, derived from 20 samples at each of
the three DL cholesterol levels, are shown
In Table 3. Overall, the N-geneous LDL test
had a within-run CV for precision of s0.73%.
Betwesn-run precision studies were run for
10 days. with the N-geneous LDL test run in
duplicate and analyzed twice per day. The
between-run precision results, derlved from
40 sample results at each of the three LDL
cholesterol levels, are alse shown in Table 3.
Overall, the N-geneous LDL fest had o be-
tween-run CV for precision of s2.27%.

Table 3. Within-run and between-run precision studies
of N-geneous LDL Cholestercl reagents

Serum pool <130 mg/dL 130-159 mg/dL =160 mg/dL

Within-run precision studies

T 20 20 20

Meon LDL level

mg/dL &d) Q8.1 (0.72) 144.5 (D.96) 2098 (1.31)
CV ) 0.73% 0.66% 0.62%

Between-run precision studies

n 40 40 40

Mean LDL level

rmigfal (scl) 98.1 (2.2) 142.7 (2.8) 207,53 (3.6)
CV (%) 2.27% 1.95% 1.73%

CV = coefficlent of variation; sd = standard deviation

2015 Sekisul iognostics, LLC. All rights resarved 11



TOTAL ERROR

Total error is a measure of the overall analyti-
cal performance of an assay and combines
bath accuracy and precision, Total error s
equal to the percentage blas + [1.96 X total
CW). The percenfage blas between the

Table 4. Total error calculation for the N-geneous LDL test
for a sample set including both normal and elevated
triglyceride specimens

N-geneous LDL test and beta-guantification
was colculated using the formula

Yy —X

X

Table 4 depicts the results of the total emror
analysls for the N-genesous LDL test for a
sample set including both normal and
elevated higlyceride specimens.

LDL cholesterol Bias Total CV Total :
concentiGHan %) (%) error (%) In this analysis, the N-gensous LDL test
. : met accuracy (= £4% bias), preclsion (4%
106 mg/dl 1.9% 24% 6:0% €W, and total error (5129%) goals ot low,
145 mg/dl -1.2% 2.4% 5.9% medium, and high LDL cholesterol levels in
180 mg/ell 5 43 2.4% 7 3% the presence of both normal and elevated
triglycerldes.
CV = coefficient of vatiation
A A _ .
Figure 5. Linecrty studies of Low-level N-geneous LDL linecrity
the N-geneous LDL test using 240
(A) natural serurm samples and :_f:!i 200
(B) clelipidated serumn pools spiked | & 2
with hurnan HDL fractions isolated O
by ulfracentrifugation. -9" 12
80
g
2 40
<
4] 40 80 120 160 200 240
Thaoretical LDL-C (mg/dL)
B N-geneous LDL linaarity
Yoo
8 om0
£ sw
A
9 400
_g.
E 200 -
0 1
0 200 400 600 80O 1000 1200
Theoretical LDL-C (mg/dL)
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LINEARITY

Lineatity studies were conducted using
natural serum samplas and delipidated
serum pools splked with hurman LDL fractions
Isolated by ultracentrifugation. Uinearity

samples were preparaed by seriolly diluting line =3%.
either natural or spiked serurn samplas with

Table 5. Results of linearity studies with the N-geneous LDL test

Theoretical value (mg/dL) Actual value (mg/dL) Percent thearetical (%)

physiclogical saline. As shown In Table 5
and In Figure 5, resulfs with the N-geneous
LDL test were lineor between 6.6 mg/dL and
292 mg/dL with a deviation from the linear

Low-level linearity (natural serum samples)

200.6 209.6 100%
104.8 105.2 100%
52.4 53.5 102%
26.2 26.6 101%
13.1 13.5 103%
6.6 6.5 100%
0.0 -0.1
N-geneous LDL linearity (spiked delipidated serum)
992.0 1019.0 103%
892.8 923.5 103%
793.6 818.0 103%
694.4 7176 103%
5052 06,7 102%
496.0 508.8 103%
396.8 401.7 101%
297.6 296.3 100%
198.4 195.7 90%
99.2 99.2 100%
0.0 -0
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INTERFERENCE

The effect of the Interfering substances such
as bllirubin, hemoglobin, ascorble acld, and
gamma-globulins on the N-geneous LDL test
were evaluated according to the Clinical
Laboratory Standards Institute palred-differ-
ence method. " In these studies. varying
levels of potential Interferents were added to
o specimen pool. Figure 6 shows the results of
the interference studies. Ascorbic dcid was
found not to Inferfere with the N-geneous
LDL test up to alevel of 50 mg/dL using a

criterion of =5% versus the control values, For
free and conjugated bilirubin, N-geneous
LDL test recoveries were within 95% of base-
line levels up to 20 mg/dL Hemoglobin was
found not 1o interfere with the N-geneous
LDL test up to alevel of 500 mg/dL, using a
criterlon of =5% difference versus the control
value, For gamma-globuling at levels up to
5000 mg/dL. N-geneous LDL test recoveries
were within 95% of baseline levels,

110

Figure 6. Infarference studles

for the N-geneous LDL cholesterol 105

test with ascorble acld, free and
conjugated billrubin, hemaglabin,

and gamma-globulins.
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SAMPLE TYPE

In conducting sample type studies for the
N-gensous LDL fes!, three samples from sach
of 10 donors were collected In the following
fubes: a serum separator tube, a sedium
heparin anticoagulant-coated fube, and

an EDTA anticoagulant tube. In this analysls,
the LDL cholesterol values from the three
different tubes were deterrmined in duplicate,
and then the LDL valusas for the serum-sep-
arator tube were compared with those from
the sodlum heparn tube and the EDTA fube.
Table 6 presents the slopes. Intercepts, and
correlation coefficlents of the comparisons.
The mg/dL recovery of LDL cholesterol values
generafed by N-geneous LDL with sodium
heparinized plasma and with EDTA was with-

in 3% of the values generated fram serum
specimens. Al three sample types are recom-
mended for use with the N-gensous LDL fest,

Table 6. Results with sample type studies for
the N-geneous LDL test

N-geneous Serum vs sodium Serum vs
LDL test heparin plasma EDTA plasma
g 10 10
Slope 097 0.99
intercept 0.50 -2.47

r 099 0.99
Recovery (%) 98% 9795

“The EDTA results were corected by a factor of 1.03X,

FAST-FED

Ten healthy volunteers had serum samples
drawn before and approximately 2 hours
affer consuming o high-fat breakfost. The
LDL valuss of both the fasted and fed ssrum
were determined in duplicate by the test
method. Figure 7 shows the results of the fast-
fed study, The N-geneous LDL test was nof
affected by the dietary stalus of the patlent,
Far measuring LDL cholesterol values with
the N-genecus LDL test, either fasting or fed
patient samples can be used,

Fast-fed study of N-geneous LDL-C assay

= am
o) +43.1% difference
E‘ 250
- -0.1% differance
T 200
E

150
% -0.5% difference
g 100
@
=
- 50
[o ]
= 0

Total cholastarol ingiycatides N-gensous LDL
e Bl e

Figure 7. Resulls of the fast-fed study of the N-genecus LDL
cholesterol tast in 10 healthy volurteers,
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SAMPLE INTEGRITY

The effects of somple aging and of long-
term freezing were svaluated using the
N-geneous LDL test. LDL cholesterol values
of fresh serum and plasma specimens were
defermined in duplicate. Specimens were
subsequently stored al 2° to 8° C and re-
tested at intervals of approximately 510 6
days over a 2-week period. Figure 8A
shows the mean percent recovery of the
N-geneous LDL test, a resulf that exceeded
the NCEP recommendation of 4 days at 2°
to 8° C. For the N-geneous LDL test, it Is thus
possible to store specimens at 2° 1o 8° C
for up to & days.

The effect of long-term freezing of specimens
at -80° C was also evaluated. In this evalu-
ation, for which the results are prasented In
Figure 8B, the average recovery on frozen
specimens affer storage at -80° C for 10
months was 103.1%. Thus, If It Is necessary fo
store specimens for lenger than & days, they
may be stored frozen af -80° C.

Figure 8. Sarmple Infagrity studles tor the
N-genescus LDL cholesterol fest (A) for specimens
stored approximately 5 to & days at 2° fo 8° C and
(B) for specimens stored for 10 months at -80° C.
* = serum; B = heparln; @ = EDTA

LDL-C recovery (%)

LDL-C recovary (%)

2 fo 8® C sample Integrily
115 !
__.——-"—-.‘
110 —
105
—
— —r—r—
100
@5
Q0
0 1 2 3 4 5 & g Q 10 11 12 13 14 15
Time (days)
-80° C frozen sampie integrity
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110
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10D
25
Q0
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Tima (monifns)
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WORKING REAGENT STABILITY

Stability for N-geneous LDL reagents 1 and
2 was svaluaied open, on board a refrig-
erated analyzer for perlods of 7, 20, and 35
days. All open reagents were palred with
freshly reconstituted callorator and tested
against 10 serum specimens. The repaorfed
LDL cholesterol values of the open reagents
were compared to values obtained from

reagents that were stored closed (nat open)
at 4° C. Figure 9 depicts the mg/dL recovery
of sample LDL cholesterol concentraftions
using reagents from each of the stability time
periods tested. From these results, it can be
concluded thal N-geneous LDL reagents are
stable while open and on-board a refrigerated
instrurment for at least 4 weeks at 4° C.

N-geneous LDL-C open reagent stability

100

50

£DLC (mg/dt)

A 47 A8 a9

WDay0 EDay7 MDoy20 WDoyds

50 51 62 53 54 85
Sample rumber

Figure 9. Results of the working reagent stability study of the N-gensous LDL cholesterol test,

REAGENT INTERCHANGEABILITY

Ten samples were tasted in duplicate
agalnst three lots of N-geneous LDL reagent
1 and three lots of N-geneaus LDL reagent 2,
paired to form nine unigue combinations

of reagent 1 and reagent 2. All nine palrs

of N-geneous LDL reagents were analyzed
In combination, using the same |ot of
N-gensous LDL calibratar, Table 7 presants
the mean results of samples for each com-
bination of reagent 1 and reagent 2, The
minimum result for the combinations was
119.8 mg/dL and the maximum result was
123.1 mg/dL an absolute difference of 3.3
mg/dL (2.7%). It can be concluded that

different lats of N-geneous LDL reagent |
and reagent 2 are Interchangeable. Any

lot of reagent 1 can be used with any lof of
reagent 2 In measurerment of N-gensous LDL
cholesterol.

Table 7. Mean results of the reagent interchangeability
studies for the N-geneous LDL test

Reagent 1 Reagent | Reagent |
ot A lotB lotC

Reagent2iot A 11928 mg/dL 1222 mg/dl 1228 mg/dL

Reagent2lotB 1209 ma/dl 1217 ma/dl 1222 mgldl

Reagent2iotC 1206mg/dL 1231 mg/dl 1218 mg/dl
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CALIBRATOR STABILITY

Individual vials from one lof of N-gensous LDL  The reconstituted callbratars yielded a <2%
callbrator were reconstituted and stored at decrease In signal for 4° C (14 days) and an
4 C. At 7 and 14 days after reconstitution, average 2.5% decrease In signal for -80° C
the calibrators were tested with N-geneous (35 days) storage as compared to freshly re-
LDL reagents and compared fo values ob- constltuted callbrator. Based on these results,
talned with a freshly reconstituted colibrator. the N-geneous LDL calibrator was stable
Reconstituted N-geneous LDL callorators after reconstitution far at least 2 weeks at 4°
were also aliguoted and stored frozen af C. If the callbrator was aliquoted and frozen
-80° C. At 7, 20, and 35 days after recansti- at -80° C. it was stable for 4 weeks,

tution, the frozen aliguots were thawed and
tested against freshly reconstituted calibra-
tors with the N-geneous LDL reagents. All
results were converted Info percent recovery
of the value generated on day O (Figure 10).

Calibrator stabiliity

e

97.5 ‘FT_ A‘f
@b

0 8 10 15 20 25 0 a5
Time (days)

LDL-C recovery (%)
8
¥

Figure 10. Results of the caolloratar stabillty study
of the N-genecus DL cholesterol test,
0=4"C:m=-80"C
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Conclusion

The benefils of the N-geneous LDL test are even in the presence of Increasing levels
substantial and are summarized in Table 8. of friglycerides and de not reguire fasting
The test Is fully automated and easy to specimens, a great convenience for patlents
use, with a simple assay principle. The test and clinicians. In light of the new ACC/AHA
is accurate and precise, readily meeting guidelines on freating cholesterol, with their
the NCEF performance critera in terms of continued emphasis on the LDL cholesterol
acceptable imprecision, inaccuracy, and level as the carnerstone of freatment deci-
total errar. Unllke LDL cholesterol volues sions, the need for real — rather than asti-

calculated by the Friedewald formula, results mated — measurement of LDL cholesterol

with the N-geneous LDL test are accurate is greater than ever.

Table 8. Summary of the features and benefits of the N-geneous LDL test

Features Benefits
Easy to use Eliminates all sarnple pretreatment. Sample sizeof only 3 pl.
Ready to use Two lipid stable reagents requlring no reagent preparation.
No waste due to reagent preparation errors.
Simple traditional Based on selective detergent and standard cholesterol enzymes.
assay principle Component lot Interchangeabillity {any lot of reagent | can be used
with any lot of reagent 2.
No patient fasting required More convenlent for patlents, physiclans, and laboratories,
Ensures cccurate results regardiess of patlent fasting status.
Linear between 6.6 mg/dL Provides confidence In results af both low and high LDL eholesteral levels.
and 992 mg/dL Reduces cost of having to dilute specimens with high LDL cholesterol levels.

No interferences

Noslgnificant interference from elevated levels of ascarble acld. biliruizin,
hemoglobin, triglycerdes. or gamma-globuling

Calibrator fraceable to
the CDC reference method

Confidence in theraccuracy of results and the proper classification
of patients.

Precision Within-run precision <1,0% and befween-run precision <3.0%.

Exceads the 1998 NCEP gools for precision,
Accuracy Excellent correiation to beta-gquantificafion reference method and to the

Direct LDL immunoseparation method. Exceeds the 1998 NCEP goals for cocuracy,
Performance Exceeds the 1998 NCEP total error godis for both normal and high triglyceride

specimens.
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