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Abstract

An immuno-polymerase chain reaction (IPCR) assay is used to evaluate the kinetic behaviour of the novel anti-cancer drug Aviscumine ir
plasma samples taken from 41 patients during a 3-year clinical trial.

The ultrasensitive IPCR assay employed the amplification of a detection-antibody linked marker-DNA and an internal competitor DNA
for standardization, thus enabling the detection of the antigen in concentrations far below the detection limit of conventional enzyme-linked
immuno-sorbent assay (ELISA). The quantification of Aviscumine was carried out using external calibration curves obtained from individual
patient plasma samples, collected previous to the administration of Aviscumine, which were spiked with known amounts of the reference
substance Aviscumine. Additional controls were measured containing standardized human serum spiked with Aviscumine to assure th
continuous general reproducibility of the assay as well as to estimate differences between individual patients.

Average recovery was found to be 83.9% and the average deviation in precision of the assay was determined #03%¢.9Data for the
quantification of Aviscumine were obtained from all patient samples investigated with the exception of a single patient. The collected data
provided the basis for the valid routine quantification of patient samples for the calculation of the pharmacokinetic behaviour of Aviscumine
in patient plasma.
© 2005 Elsevier B.V. All rights reserved.
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Aviscumine, respectivelyCmax, Aviscumine concentration found &t 1 h; The development of conventional immuno-assays, such
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of high (4), medium {4) or low () concentration, respectively . € detec |on_an guan | |C§l lon of tne respective drug, even
* Corresponding author. Fax: +49 231 9742 844, in complex biological matrices, such as human plasma- or

E-mail address: adler@chimera-biotec.com (M. Adler). sera-samples.

0731-7085/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2005.04.051



M. Adler et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 972-982 973

The immuno-PCR (IPCR) method, first described by taken at different times subsequent to the application of
Sano et al. in 199R], combines the well-established ELISA  Aviscumine after 1, 1.25, 1.5, 2, 4, 8 and 24 h. Aviscumine
methodology with the signal amplification power of the PCR. was given twice weekly (days 1 and 4) as a 1 h i.v. infusion
A number of research applications describe the advantageghrough a central line. The samples analysed were from “dose
of the method3-5], that is, in particular, its high sensitivity 1" (d1), the immediate start of the patient treatment cycle and
and good quantification capabilities due to the great lin- “dose 11” (d11), a late step of the treatment cycle (after 39
earity and compatibility with established ELISA protocols days). Inthe case of some patients, only the d1 samples of the
[6]. first infusion were available for analysis and/or some of the

IPCR was recently adapted to the detection of Aviscumine samples were not included in the time series to be measured
in samples of human plasnjd]. Aviscumine (rViscumin) by IPCR. The Aviscumine dose level was increasing during
is a heterodimeric 57 kDa recombinant mistletoe lectin the study. For the first 9 patients (P #1-9), each patient
(rML) [8,9], heterologously expressed ifscherichia received a separate dose level Aviscumine (P #1: 10 ng/kg, P
coli-based on the genetic information of plant-derived #2:20ng/kg, P #3:40ng/kg, P#4:100 ng/kg, P #5:200 ng/kg,
lectin, which belongs to the type Il ribosome inactivating P #6: 400 ng/kg, P #7: 800 ng/kg, P #8: 1600 ng/kg, P #9:
protein (RIP)-family. Aviscumine has proven its activity 2400ng/kg). The following patients P #10-41 were sub-
as a cytostatic drug in several studies employing animal grouped to five cohorts (4 patients P #10-13: 3200 ng/kg,
models [10-12] and is currently manufactured under 6 patients P #14-19: 4000 ng/kg, 10 patients P #20-29:
GMP (good manufacturing practice) conditions. In animal 4800ng/kg, 7 patients P #30-36: 5600ng/kg, 5 patients
model studies low amounts of about 3-500ng/kg body P #37-41: 6400ng/kg) (for more details, see aj$d]
weight were applied to mice in order to investigate the andFigs. 5 and &
anti-tumor activity of Aviscuming10-12] The resulting
plasma concentrations of these doses of Aviscumine were2.2. Test substance
significantly below the limit of detection of a conventional
ELISA of approx. 3.5pmol/L (200 pg/mL}7,13]. Hence, Aviscumine (INN); 2ug/mL, reference substance batch-
a gquantitative IPCR assay was established to circumventno.: 970303 (VISCUM AG, Bergisch Gladbach, Ger-
these problems, allowing the detection of concentrations asmany) was used to prepare external standard curves
low as 100 fg/mL Aviscumine in standardized human serum for quantification purposes. Control calibration samples
sampleg7]. were prepared from standardized virus-inactivated human

The present study describes modifications of the original sera BISEKO (Biotest, Langen, Germany) as the bio-
IPCR assay to allow for the quantification of a large number logical matrix. Polyclonal rabbit-anti-mistletoe-lectin anti-
of human plasma samples obtained during the clinical trial body (VISCUM AG) was used as capture antibody and
EORTC 16002/VIS009V1.01 and to apply this method for for the synthesis of the custom-made antibody—DNA con-
the generation of pharmacokinetic data in this clinical trial jugates as reagents for IPCR (CHIMERA, Dortmund,
study [14]. The work presented here elucidates specific Germany).
details of the robustness, recovery and precision of the
IPCR assay during the 3-year clinical trial. The results 2.3. Preparation of calibration curves and spiking
clearly emphasize the suitability of this method for routine controls

analyses.
As a consequence of individual differences between
patient samples and sample handling (see Se&itncal-
2. Materials and methods ibration curves and spiked controls were prepared from
the zero sample “t0” (see Sectichl) of each individual
2.1. Patient plasma samples patient/dose course and these standards were frozen and

stored at—20°C. To simulate the possible standing time of

Object of the analysis were frozen citrate plasma samplessamples during clinical sample preparation previous to freez-
of the clinical trial EORTC 16002/VIS009V1.01, obtained ing at—20°C, a 25 min timeframe for sample handling and
from different patients (No. 1-41, in the following referred bench-time on ice was maintained during the preparation of
to as P #1-41]14]. The study was conducted in accordance calibration curves and spiked control samples. The concentra-
with the Good Clinical Practice Guidelines as issued by the tions of Aviscumine within the calibration curves and spiked
International Conference on Harmonisation and the Declara-samples are listed ifable 1
tion of Helsinki. Subsequent to collection, the samples were
immediately frozen below-20°C on dry ice and maintained  2.4. Assay layout and sample preparation
at this temperature until analysis by IPCR. The assay was
designed such that each set of samples from an individual Each individual IPCR assay contained a calibration
patient contained a “zero-plasma”-sample collected 15 min curve and three spiked controls term&d, Vi and V|,

prior to Aviscumine administration (t0) and seven samples containing a “high”, “medium” and “low” concentration
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Table 1
Quantification parameters
Patient Regression model Concentration Aviscumine Average corellation Concentration Aviscuminé/fy,
for calibration curves coefficientr? Vm, VL) and average recovery
(a) #1-8 Harris 1000, 600, 300, 100, 60, 30, 0.99 800 pg/mL 90t 7%
10 pg/mL
200 pg/mL 95+ 15%
20 pg/mL 524 22%
(b) #9-11 Harris 10, 6, 3ng/mL; 1000, 600, 0.99 800 pg/mL 86t 16%
300, 100, 60, 30, 10 pg/mL
200 pg/mL 108+ 21%
20 pg/mL 107+ 24%
(c) #12-41 Linear 6.1, 5.1, 4.1, 3.1, 2.1, 1.1, 0.97 4.8ng/mL 9 6%
0.1ng/mL
2.4ng/mL 91+ 10%
0.8ng/mL 112+ 17%

Average recovery of high, medium and low concentrated samples spiked with Aviscumine in patient plasiig, (V. ), standard deviations and correlation
coefficient were calculated for all patients using the respective regression model.

of Aviscumine (se€Table J), obtained from zero dose (t0) All patient samples and controls were thawed in a ther-
plasma. In addition, a positive contraBpc’ of 40 ng/mL momixer, and subsequent to removingpd2of the thawed
Aviscumine in BISEKO and a negative control of BISEKO samples, the remaining samples were refrozen with liquid
containing no Aviscumine Byc” were also included. In nitrogen for long-term storage at80°C.
some cases, a third positive control of 13 pg/mL Aviscumine
in BISEKO “B13pd was measured as well. Similar to patient 2.5, Immuno-PCR
samples, the BISEKO controls were frozen aR0°C
as well. IPCR reagents were custom made by CHIMERA. Taq
For P #1-8, a calibration curve in “t0” plasma with a con- DNA polymerase from Biomaster (Cologne, Germany)
centration range from 10 to 1000 pg/mL Aviscumine (see was used for DNA-amplification and IPCR was carried out
Table Ja) was prepared, similar to a calibration curve in as a one-step assay according to the protocol previously
BISEKO, prepared as previously reportgt. During the  described7]. A schematic drawing of the assay is shown in
course of the clinical trial study, the calibration curve was Fig. 1 In brief, top yield modules were coated overnight at
adapted to higher concentrations of Aviscumine in the case4°C using 3QuL/well of the polyclonal rabbit-anti-lectine
of patients P #9-11 (see row bTable landFig. 5 toadjust  antibody T2 (15w.g/mL). The modules were washed and
the method to the increased amounts of Aviscumine adminis-plocked with 24QuL/well CHIMERA blocking buffer
tered. To avoid further changes in the methodology and allow overnight. Following another washing step, the modules
for a standardized protocol, all subsequent quantifications (Pwere incubated for 25 min and orbital shaking at room tem-
#12-41) were carried out using the same linear quantifica- perature with 3@uL/well of the diluted samples containing
tion curve covering aconcentration range of 100-6100 pg/mL Aviscumine. Subsequently, the modules were incubated
Aviscumine {Table I andFig. 4). Therefore, patient plasma  for 25 min/RT and orbital shaking with 30L/well of a
samples of P #12-41 frorx 1 to 2 hwere routinely dilutedin ~ 1:300 dilution of the Aviscumine-specific antibody—DNA
“t0” plasma previous to the IPCR to keep the signal intensities conjugate also synthesized from T2. The marker-DNA (I
within the calibration curve. In particular, these samples from in Fig. 1) of the IPCR reagent was amplified (primus 96
P #12-18 were diluted 1:3 and samples from P #19-41 werepCR cycler, MWG, Ebersberg, Germany) in the presence
diluted 1:8 with individual “t0” patient plasma. For control  of a constant concentration of an internal competitor DNA
purposes, each individual sample was also measured undi{|l in Fig. 1) which is co-amplified with the marker-DNA
luted. If the undiluted sample yielded a signal within the during PCR. The competitor-DNA is an integral component
range of the calibration curve, this signal was used for quan- of CHIMERA's IPCR quantification mix for the Aviscumine
tification. Otherwise, the signal from the diluted sample was assay. Both DNA products were labeled during PCR by
used. incorporation of a hapten-labeled nucleotide. Subsequent to
All calibration samples, spiked controls, BISEKO controls PCR amplification, the amount of the two PCR-products,
and patient plasma samples were additionally diluted 1:3 in j e, the marker-DNA (I) and the competitor-DNA (Il), was
a detergent-containing sample dilution buffer (CHIMERA) = determined using an enzyme-linked oligonucleotide-sorbent
immediately prior to analysis by IPCR. The IPCR assayswere assay (ELOSA). In this assay, labeled PCR amplicons
carried out in duplicate. For the total amount ok 30uL are quantified by hybridisation with solid-phase bound
IPCR assay volume, 44L sample dilution bufferwere added  capture oligonucleotides and subsequent labeling with an
to 22uL sera/plasma-sample. antibody—enzyme conjugate und fluorescence detection of
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Immuno-PCR PCR-ELOSA

Fig. 1. Schematic drawing of the IPCR detection of Aviscumine on microtiter plates coated with an anti-Aviscumine capture-antibody. The ichmobilize
antigen is tagged with a tailor-made IPCR conjugate, containing an Aviscumine-specific antibody and the marker-DNA (1). Following to PCR ampfificati
marker-DNA (1) and competitor-DNA (l1), the PCR-products, labeled with digoxigenin are allowed to hybridize to microplate-bound captureletiidesic
specific for either marker-(l) or competitor-DNA (l1). For quantification, anti-digoxigenin alkaline-phosphatase conjugate and a fluorodeatie webs used

(4]

the fluorogenic substrate AttoPhos (Roche), usinga VICTOR  The calculated signals, given in arbitrary units [a.u.], were
microplate multilabelcounter (Perkin-Elmer, Boston, US) plotted againstthe spiking concentration. In addition to linear
[7]. This detection of PCR-amplificate was also carried out in regression, a Harris regression model was used to obtain the

duplicate. calibration curve of the first samples (P #1-11):
1
2.6. Data analysis Y= a4+ bX®

The raw data of the eight ELOSA signals obtained for WhereinX is the calculated concentratio@d) andY are the

each sample was processed as previously descfijeth Iy values obtained by IPCR/PCR-ELOSA.

brief, the average fluorescence signal intensities of the four For P #1-4 amethod, error was calculated as the standard
ELOSA samples obtained from the duplicate IPCR samples deviation between at least two independent IPCR assays car-
were calculated separately for the markigr)(and the com- ried out during initial method adaptation. Starting with P #5,

petitor DNA (lc): the experimental layout was stgnd.ardized and th.e.following
parameters were used for monitoring of the precision of the

o Iﬁﬂlil+IK42il+I§A2i2+IEA2i2 assay.

M= 4 The standard deviation of the double determination for

PCR-ELOSA §¢) was calculated fronf1t and¢?1 as well
as from/¢12 and¢%2, respectively.
In addition, the average standard deviation of the IPCR
4 double determinationsy) was calculated by the comparison
Wherein, for instance,[ﬁﬂlx’ln is the ELOSA fluorescence Ofthetwo average values ofthe ELOSA double determination

signal intensity no. “1” of the IPCR sample no. “1” of the A7 (™ +1°2%)12) and 12 = (142 + 1°7)12) obtained for

marker-DNA, and e.g./¢%1"is the ELOSA fluorescence sig-  ©ach sample.

nal intensity no. 2 of the IPCR sample no. 1 of the competitor- _While the errors of PCR-ELOSA and IPCR double deter-

DNA, and so on. minations were calculated separately to monitor potential
Subsequently, the normalized ratif" was calculated ~ ©rfor sources and/or outliers, the total error of the quan-

according to: tification of the marker {tm) resp. competitorsrc) DNA

was calculated using(il, r¢2i1, jeliz| €22 for Sy and

_ Iéli1+162i1+léli2+lézi2

Ic

Ivn/Ic I(e:lil 16251 IéliZ IEZiZ for Sc
I == 9 ) ) . .
N Im-Nc/Ic—Ne The total error of the marke§f;) and the competitorSc)

o _ quantification were combined according to:
wherein Iy_nc and Ic-nc are the averagdy values

calculated for a triplicate analysis of the negative con- ¢. — \/m
i » i ; T™ T 9TC
trol “t0”. Additionally, a normalization of the signals
obtained only by marker-DNA without internal competi- In addition to the BISEKO control sample®Hc, Bispc
tor, calculated by dividingy by Tm_nc was carried out  Bnc), three individual spiked samplé%;, Vi andV_ were
for evaluating the effect of the internal competitor. A prepared for each patient dose (Jedble ) using the indi-
comparison ofly, Im/Im—nc and Iy-values is given in vidual “t0” negative control plasma. These samples were
Fig. 4B. analyzed using the individual calibration curve of the patients
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and the percent recovery rakeof the spiked concentration
was calculated according to:
Cc x 100
Cs
whereinCc is the calculated concentration of the spiked sam-

ple (pg/mL) andCs is the spiked concentration of the spiked
sample (pg/mL).

R(%) =

3. Results and discussion

The IPCR method was used during the complete clini-
cal trial EORTC 16002/VIS009V1.01 for the quantification
of Aviscumine in samples of altogether 41 patients in 64

M. Adler et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 972-982

an enzyme-linked oligonucleotide-sorbent assay (ELOSA).
Therein, the hybridisation of the digoxigenin-labeled PCR-
amplicons with solid-phase bound capture oligonucleotides
was quantified using an anti-digoxigenin antibody—alkaline
phosphatase conjugate and fluorescence detd@fion

During the comparison of calibration curves derived
from freshly prepared Aviscumine-spiking samples of either
BISEKO or frozen patient plasma, it was evident that the
sample handling and the freezing/thawing process signifi-
cantly decreased the signal-to-noise ratio for Aviscumine.
Thorough investigation of individual sample-handling
steps indicated that freezing/thawing procedures needed
to be carried out in a highly standardized manrfég(2)
Moreover, it was found that exposure of the plasma samples
to room temperature should be minimized (5&g 2), while

experiments (498 samples). Aviscumine was administeredshort incubation times: € 30min) on ice had no influence

intravenously over a period of 1 h at various concentrations
in the dose—escalation phase 1 trial.

3.1. Initial adaptations of the IPCR method

In the initial phase of the study, the original IPCR
assay[7], developed for the detection of Aviscumine in
standardized human serum (BISEKO), required further
optimization to generate valid data from patient plasma

on assay'’s performance. For estimation of assay robustness
during sample handling, control samples from two individ-
uals were compared with 30, 10 and 0 min standing time in
combination with freezing a+-20°C and liquid nitrogen,
each as a negative control without Aviscumine and spiked
with a uniform concentration of the antigen, respectively.
Following normalization to negative controls, an average
standard deviation of 9 4.6% was observed between the
two individuals compared to an average %.0.8% between

samples. This experimental adaptation of the assay wasdifferent standing times on ice. Average spike recovery for

carried out using sample materials from P #1-4. The
general principle of the IPCR assay is outlinedFig. 1
Anti-mistletoe—lectin antibody, which specifically binds to

was found at 95 3% for plasma with 30 min bench-time on
ice and subsequently frozen-aR0°C. With a standing time
of 30min/ice, the difference between freezing-a20°C

Aviscumine, was used as the capture antibody. Subsequenand liquid nitrogen was found at 3471.8%.

to the incubation of the Aviscumine-containing samples
an Aviscumine-specific antibody—DNA conjugate was
added. The marker-DNA of this conjugate (Ikig. 1) was

Eventually, the simulation of various freezing procedures
with spiked model samples indicated that these variations
can be compensated for by using a frozen set of calibra-

amplified in the presence of a constant concentration of antion samples as well as by the establishment of a strictly

internal competitor-DNA (Il inFig. 1). During PCR DNA

Il is co-amplified with the marker-DNA | and digoxigenin
labels are incorporated. After PCR, the concentration of
both products of the templates | and Il was determined by

(2]

reproducible freezing/thawing procedure for the plasma sam-
ples and control samples. The most important conclusion of
these investigation was that control samples for quantifica-
tion curve/spiking need to be treated identical to the patient’s

OAviscumine 200 pg/mL
B Aviscumine 20 pg/mL
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Fig. 2. Comparison of different sample handling protocols previous to IPCR quantification. Samples of BISEKO standardized human serum aewell as pati
citrate plasma were spiked with Aviscumine and either immediately quantificated or frozen/thawed and subsequently analyzed. The patientgissma sam
were taken from an individual single patient. The frozen samples were stored overnight at the given temperature.
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1000007 While an overall good similarity of the calibration curves
was observed, the presence of individual differences between
the patients (for instance, see P #18 or P #2€im 4A)
underline the necessity of individual calibration curves for
° an optimized quantification in this system. Patient P #15 is
10000 omitted in the figure due to the very high signal intensities
(see alsd-ig. 3J).

I : Fluorescence intensity [a.u.]

a A 3.2. Quantification parameters
1000+ i 8 i
L [ |
L ¢ According to the method established for spiked BISEKO
samples[7], a linear regression of the log concentration
against the log of normalized signal intensity (Ipg was
carried out for Aviscumine quantification. Using this method,
100 the average correlation coefficient of the regression for P #1-8

BISEKO (40 I) BISEKO (13 I) BISEKO NC -pl tO . . .
(40 ngiml (18 ngm) zero-plasma (0 was only 0.95%9 0.02. Data evaluation with different regres-

L sion methods revealed that uniformly an even better aver-
. . . - age correlation coefficient of 0.9850.01 could be obtained
Fig. 3. Overview of thdy values obtained for control samples containing . Harri del i d of | si | i
40 ng/ml (positive control), 13 pg/ml or no Aviscumine (negative control). using a Harris model instead of several simple non-linear

Dots indicate the fluorescence signals obtained in the separate experimenté€gression methods.
and bars show the average sigrajfr: Two positive and one negative con- Following the observation that the concentration range of

trol of spiked standardized human serum samples (BISEKO). Note the high the first calibration curveTable 1a)) was not sufficient for
homogeneity of the values with a total average standard deviation of 9.8% for the highest Aviscumine concentrations of 2400 ng/kg in P #9

all values of Byc. Right: In contrast to the BISEKO samples, the samples . . . .
taken from the patient's negative plasma previous to application of Avis- and 3200 ng/kg in P #10, reSpeCt'Vely’ the calibration curve

cumine (zero plasma, t0) show a larger diversity. Here, an average standard/VaS modified by (i) expanding the concentration range to up
deviation of 18.5% and two outliers (P #11D1 and 15D1) were observed. to 10.000 pg/mL for P #9-11@ble Ib)) and (ii) by placing a

For one patient (P10D11, triangular dots), high values for both, BISEKO novel set of calibration samples into the observed linear range
and patient plasma were observed, indicating a systematic deviation in this of the expanded calibration curveeple Xc) andFig. 4), thus
case. eliminating the need for non-linear regression models for the
remaining patients P #12—41.

This standardized calibration curve with a linear con-
centration range between 100-6100 pg/mL Aviscumine in
regular intervals of 1000 pg between the samples was cho-
sen according to the lower detection limit of 100 pg/mL as
revealed by assay recovery in spiked plasma samplesée

plasma samples. These precautions effectively minimized
temperature-related deviations in between different experi-
ments.

Compared to a stable signal obtained for BISEKO pos-
itive and negative controlsBbc, Bnc) these initial studies
also revealed significant fluctuations between the various . e .

also “assay sensitivity”, below). A very good linear corre-

“t0” individual human plasma sampleBi@. 3). As discussed . . . ; . .
" e ,, . lation between spiked Aviscumine concentration and signal
below under “assay specificity” and robustness”, these vari- . ; PR . .
. . . ” intensity was found in this interval for all patients with an
ations, likely, reflect changes in the plasma composition of . e
N . X ... average correlation coefficient of 0.9/0.02.
individual patients leading to a low degree of non-specific

binding of the anti-mistletoe lectin antibodies, which are

usually not detectable by conventional ELISA but are now 3.3. Assay precision

becoming visible due to the high sensitivity of IPCR. Hence,

it was necessary to prepare individual calibration curves for  During the course of the clinical study, it was established

each patient under investigation from the respective “t0” that the average standard deviation of the double determina-

plasma sample. tion of the ELOSA §¢) was: 2.9+ 1.2%, while the average
The individual differences between the patients are obvi- value of the standard deviation for the IPCR double determi-

ous from the various calibration curves obtained from the nation ;) was: 4.7+ 2%.

individual patients, shown ifrig. 4 Employment of these The combined total erra$t of marker- and competitor-

individual calibration curves and normalization against the DNA signals for an IPCR double determination did not

“t0” samples permitted us to compensate for the observedexceeded a limit of 50%, as determined as threshold for a

fluctuations of background signal intensities of the patient valid assay. A singular exception observed for patient #6,

samples. Moreover, normalization using the internal competi- dose 1,=1.5h was identified as an outlier in the double

tor for the calculation ofy values further increased the qual- determination of the IPCR by Henning-t¢$6]. For quan-

ity of the signalsFig. 4B), and therefore, enabled us to carry tification, this outlier was ignored and the concentration was

out a valid quantification of the Aviscumine concentration. calculated from the remaining six ELOSA values.
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Fig. 4. (A) Overview of the absolute fluorescence intensitig$ ¢btained from the calibration curves for the marker-DNA for patients P #1227 gbée1c))

and linear regression of the average signal intensity (thick blackfre).99). Note that while the majority of the curves are similar in slope, larger differences
occur between individual patients. Some patients show uniformly lower (e.g. P #18D1 and D11: black diamonds and squares; P #26D1: black triangles) o
higher (e.g. P #14D1: white triangles, P #17D1: white squares) signals. For all patients, a good linear correlation between spiked Aviscurmat®oaratn

signal intensity with an average correlation coefficient for linear regression at 0.97 was found. (B) Effect of the normalization using the'@Gtqiagne

individual patients, exemplified by the signals obtained for 6100 pg/mL Aviscumine. Dots are indicating individual patient signals and baravedics

values. While the absolute fluorescence signafsifote the difference in scale) are largely scattering, the normalization with the tO-sigéls_(vc, middle)

leads to more homogenous distribution, however, with low intensity values. The signal strength is increased if one calculates the ratio césheesd thalu

values measured for the internal competitor DNA, thus leading to the normalized ratio kaluiegt).

The average value 6f was found at to be & 5%. TheSt for three measurements (accompanying patients P #3d1, P
values obtained for the individual samples are shoviAgns. #4d1, P#10d11 and P #11d1), higher valueBfas of larger
Uniformly, the signals are well separated and display only a than 20% above the averaBgc were observed, whereby the
small and very homogenous error. No exceptional accumula-value for P #10d11 was identified as a true outlier according
tion of high errors and/or increase/decrease in total &ffor  to the Henning-teg.5]. This particular sample also revealed

was observed. unusual high signal intensities significantly above the aver-
age signal intensities of all the other samples. Except of this
3.4. Assay specificity and robustness single outlier, the other values revealed a high homogeneity.

This, again, underlines the robustness of the IPCR assay for
A comparison of the average absolute signal intendifies  quantifying the standardized control serum samples.

obtained for patient negative control samples “t0” with the The inter-subject variability, i.e. variations occurring
standardized Rc revealed that the patient plasma negative through the use of tO samples as the matrix for the standard
controls yield a much higher average standard deviation of curve was determined as insignificant for quantification.
18.5% than that observed for standardized human serumin the entire study, samples from dose 1 and 11 were
BISEKO (9.8% forBnc, see alsdrig. 3). Moreover, the con-  available from 22 individual patients. For the calculation of
trol assays with BISEKO revealed a very homogenous per- intra-patient variations, the signal intensities were measured
formance during the complete time of the 3-year study. Only for the zero plasma sample (t0, taken previous to the
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Fig. 5. Results of the quantification of Aviscumine in patient plasma samples, obtained by IPCR-quantification. (A) Patients P #1-10: Eachepagibnt rec

an increasing dose of Aviscumine (P #1: 10 ng/kg, P #2: 20 ng/kg, P #3: 40 ng/kg, P #4: 100 ng/kg, P #5: 200 ng/kg, P #6: 400 ng/kg, P #7: 800 ng/kg, P #8:
1600 ng/kg, P #9: 2400 ng/kg, P #10: 3200 ng/kg); (B) patients P #12-13: 3200 ng/kg, P #14-19: 4000 ng/kg, P20-29: 4800 ng/kg; (C) patients P #30-36:
5600 ng/kg, P #37-41: 6400 ng/kg). For several patients, two dose groups (dose 1: first treatment, “D1” and dose 11: eleventh treatment aftedday 39, “D1
were studied. The error bar represents the total éirpcalculated as described in the text.

administration of Aviscumine) of both, dose 1 or 11. The #14, d1) or below (P #7, d1 and 11, P #12, d1 and 11,
data revealed an average error of about 3.3%, including theP #14, d1) the average absolute signal intensiiigsvere
single outlier of patient #10. observed. Nonetheless, the corresponding calibration curves
Using the patient-specific individual calibration curves (seeFig. 4) permitted a quantification using the normalized
(Fig. 4), the initial differences between patient plasma sam- Iy values without any aberration from the standard operat-
ples were compensated during quantification. The high ing procedure. Notably, the hemolysis during citrate plasma
robustness of the Aviscumine IPCR of the patient plasma preparation, which occurred in a few plasma samples, was
samples was also evident from the overall very good recov- also without any negative effects for IPCR quantification.
ery rates observed in the spiked samples (Eade J). In Exceptional high “t0” background signals were observed
some patient samples, however, absoligievalues 20% forP#11, dose 1 and, to a lesser extent, also for P #15, dose 1.
above (P #7, d1 and 11, P #10 d11, P #12, d1 and 11, PThere, the absolute fluorescence intengjtyvas higher than
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10,000 a.u., as compared to an average signal of ca. 1,500 a.uan average recovery of 1@59.6% was determined, and for

for all other “t0” negative control samples. These two data 6100 pg/ml (highest concentration of the calibration curve),

points were clearly identified as outliers. In both cases, the an average recovery of 106t52.1% was found using a linear

corresponding BISEKO controBpc and Bnc did not give regression.

untypical results, and therefore, we concluded that the results

were due to an interfering patient plasma component. While 3.6. Assay sensitivity

quantification could be carried out for P #15 dose 1 with an

increased averagy error of 21+ 8%, no quantification was The lower limit of quantification was found to be lim-

possible for P #11. However, in retrospective comparison of ited by the low recovery rates of thHg sample measured

the patients following the study, P #11 also revealed atypical for P #1-11. As described above, the quantification limit

fatigue grade 3 and died 17 days after this ey#4}, so that was set to approx. 100 pg/mL Aviscumine in patient plasma.

the anomalous plasma background of this patient in IPCR While lower concentrations of Aviscumine could clearly be

could possibly be linked to these conditions. detected, quantification was not carried out using the stan-
In conclusion, an overall high robustness and a good tol- dardized protocol.

erance of the method against patient-specific variations was As summarized ifable Xc), the spiking of patient plasma

observed, with only a single exception out of 41 patients samples with defined amounts of Aviscumine, led to linear

analyzed. Evenin the case of exceptionally high or low back- correlation between signals and spiked concentrations in the

ground signals, the normalization to individual “t0” samples concentration range between 100-10,000 pg/mL.

enabled us to carry out the valid quantification of Aviscumine ~ While the non-linear quantification range of the IPCR sig-

concentration in the plasma. nificantly exceeded this window, a linear correlation between
the signal and Aviscumine concentration was preferred for
3.5. Recovery and detection limit facilitating the standardization of the routine assay. During

the course of the clinical trial study, increased amounts of
With an average recoveri of 95+ 19% for all spiked Aviscumine were administered to the patients, thus, leading
patient plasma sampled’{, Vm, VL) in the investigation to higher plasma concentrations. In these cases, to avoid fur-
(excluding P #11), the spike recovery values of the quan- ther adaptations of the calibration curves, samples frofinh
tifications for each patient were found to be within a valid (Cmay) to r=2h were routinely measured as both undiluted
range. Generally, a stable and high recovery was found foras well as diluted in “t0” patient plasma (see Secti#).
the samples spiked with medium and high concentrations of The concentrations calculated from the diluted samples and

Aviscumine (/4 and V) with an average of 92+ 9.8%. the corresponding calibration curve are showiable Za).
During the standardized routine protocol for P #12-41, avery Comparison of these data to that calculated from the undi-
narrow range of variations for the rangemivas found with luted samples (shown ifable Zb).) verifies that the values

only a singler (P #15) larger than 9% than the average val- are not corrupted by the dilution step. Further confirmation of
ues ofVy and V). Comparison of the average recovery for the valid concentrations by quantifying diluted samples and
each patient, the maxima were 83% (P #18D11) and 106% (Pusing linear calibration curves was achieved by the measure-
#12D1), deviating less than 15% from an average-%8%. ment of spiked samples with concentrations of 48, 24, 9 and
These results additionally emphasize the small difference 6 ng/mL Aviscumine. The first two samples were diluted 1:8,
from an idealRr of 100%, and thus, confirm the valid quan- the latter ones 1:3. For the first two samples, a spike recovery
tification of the patient plasma samples. of 97.5+ 4.6 and 90.2: 5.2%, and for the latter two samples,
Depending on the regression model used and the setupa spike recovery of 954 3.2 and 89.@: 7.6 was obtained.
of the calibration curve, the average recovery of the sam-  The similar concentration measured for diluted and undi-
ples spiked with low concentrations of Aviscumirig | was luted samples of several patients, as well as the spiking
found to be systematically lower in the case of the Harris experiments clearly demonstrated that the dilution of higher
regression and higher in the case of the linear regressionconcentrated samples did not affect the accuracy of the IPCR
models (sed@able 1. While the average recovery of the low- quantification.
est doses¥y| =20 pg/mL) was found to be 1G¥ 24% for P The narrow range of Aviscumine concentrations rang-
#9—10 using Harris regression, only£22% average recov-  ing from 100 to 6100 pg/mL in the quantification curve was
ery of 20 pg/mL Aviscumine was found for P #1-8, using the intentionally chosen to have a maximum correlation with the
Harris regression model. Because of these variations for theconcentration of Aviscumine expected in patient plasma, and
lowest concentrated samples, the quantification limit of Avis- thus, to allow for the determination of the Aviscumine phar-
cumine detection in patient plasma by the IPCR assay was setmacokinetics. Indeed, the majority of antigen concentrations
at 100 pg/mL. This value, together with the upper detection during the timeframe monitored after administration of Avis-
limit, was further confirmed by a set of additional spiking cumine was found in the concentration range between 6100
samples and the recalculation of the spiked concentrationsand 100 pg/mL (seEig. 5).
using various calibration curves. In particular, for 100 pg/ml Itshould be emphasized, thatthe conventional correspond-
Aviscumine (lowest concentration of the calibration curve), ing ELISA, using the same antibodies, is approximately
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Table 2
Recovery rates of Aviscumine concentrations higher than the concentration range covered by the calibration curve
Aviscumine sample=1h P #12-19 (dose: 3200-4000ng/kg P #20-29 (dose: 4800 ng/kg Aviscumine) P #30-41 (dose: 5600-6400 ng/kg
Aviscumine) Aviscumine
(a) Average concentration as 12.6 233 359
calculated by diluted sam-
ple (ng/mL)
(b) Average concentration 14.8 238 267

as calculated by undiluted
sample (ng/mL)

Comeparison of “a”and “b” (in 117 102 74
percent “b”)

The values were calculated from average valuessdfh (Cmax) for selected patients by either (a) dilution of the sample in “t0” (1:3 f or P #12-18, 1:8 for P
#19-41) or (b) by using the calibration curve and undiluted control samples.

1000-10,000-fold less sensitive for Aviscumifig, and dose levels, shown ifig. 6. In addition, the IPCR assay
hence, did not permit the valid quantification of Aviscumine provided quantitative data which indicated the fast decrease

concentrations in this range. of Aviscumine concentration in the plasma during the
timeframe monitored:E 1-24 h). Notably, only 13 out of
3.7. Quantification results 490 valid data points were below the quantification limit.

The lower concentrations measured for late time points of

Based on the results of the recovery measurements,the treatment cycle were also well accessible by the IPCR
the Aviscumine concentrations within the patient plasma assay.
samples were calculated using the recorded calibration Based on these results, pharmacokinetic data were cal-
curves (sedable landFig. 4) and the measuref), values. culated and very recently reported by 8ffbki et al. [14].
An overview of the Aviscumine concentrations is shown in Briefly, the data revealed a uniformly short half-life of Avis-
Fig. 5. Individual data suitable for kinetic calculation from cumine of 13 min as well as a linear kinetics on dose levels
the decrease in Aviscumine concentration during time was >1600 ng/kg.Fig. 6 shows the linear correlation between
recorded for each patient (except P #11), no exceptional averageCmax values found in two different dose groups (D1
outlier were observed. The overall increase of the Avis- and D11) and plasma concentration of Aviscumine measured
cumine concentration during the study is clearly visible by IPCR. Starting with P #9 (2400 ng/kg), a linear regression
from the increase of th€max (concentration measured after of the average concentrations revealed a correlation coeffi-
t=1h subsequent to administration) for different patient cientof 0.98.
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Fig. 6. Correlation between Aviscumine dose levels and concentrations in plasma as quantified by IPCR in the sample taken 1h after administration. For
10-2400 ng/kg Aviscumine, only 1 patient (P #1-9, respectively) was studied for each dose. Starting with 3200 ng/kg, cohorts ranging between 4 and 10
individuals (3200 ng/kg: P #10—P #13, 4000 ng/kg: P #14-19, 4800 ng/kg: P #20-29, 5600 ng #/kg; P #30-36 and 6400 ng/kg: P #37—-41) were treated with the
same dose. The figure shows average concentrations for these patients as calculated from samples of the first (dose 1, black diamonds) anért later treatm
cycle (dose 11 after day 39, white squares). The inset shows the magnification of the 10-2400 ng/kg concentration range. Note the linear relatibe betwe
administered dose and concentration measured in plasma for both fl4{es
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4. Conclusions the basis of ELISA, but will also open up entirely new fields
in diagnostics and quality control.
This work describes the development and application of
an IPCR assay for the routine analysis of a large number of
plasma samples in the context of a clinical trial study for the References
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