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ABSTRACT

Erythrocyte encapsulated thymidine phosphorylase rasombinant Escherichia coli
thymidine phosphorylase encapsulated within humanlagous erythrocytes and is under
development as an enzyme replacement therapy #ruttra-rare inherited metabolic
disorder, mitochondrial neurogastrointestinal ehedgmyopathy. This study describes the
method validation of a two-step bridging electraniieminescence immunoasséyr the
detection of anti-thymidine phosphorylase antibsdie human serum according to current
industry practice and regulatory guidelines. Thealyical method was assessed for screening
cut-point, specificity, selectivity, precision, @ane effect, drug tolerance and stability. Key
findings were a correction factor of 129 relatiigt units for the cut-point determination; a
specificity cut-point of 93% inhibition; confirmedtra-assay and inter-assay precision, assay
sensitivity of 356 ng/mL; no matrix or prozone et up to 25,900 ng/mL; a drug tolerance
of 156 ng/mL; and stability at room temperature 2@ hours and up to 5 freeze-thaws.
Immunogenicity evaluations of serum from three g8 who received erythrocyte
encapsulated thymidine phosphorylase under a caigpeade treatment programme showed
specific anti-thymidine phosphorylase antibodiesoime patient. To conclude, a sensitive,
specific and selective immunoassay has been vatd&r the measurement of anti-
thymidine phosphorylase antibodies; this will béizéd in a phase Il pivotal clinical trial of

erythrocyte encapsulated thymidine phosphorylase.
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INTRODUCTION

Enzyme replacement therapies are typically appleedhe treatment of individuals with

inherited enzyme deficiency disorders, wherebydéficient enzyme is replaced by regular
infusions of the normal counterpart, with the aidecelerating the disease progression
process. Current licenced preparations are eithefigd from natural human or animal

sources, or produced by recombinant technologied, thus have the potential to induce
undesirable immune responses. Clinical experieaseshown that the development of anti-
enzyme antibodies is a common occurrence, with nadutlye approved enzyme replacement
therapies exhibiting immunogenicity rates of 51 00%? Clinical complications of

immunogenic reactions include the modification leérapeutic efficacy and acute infusion
reactions, such as anaphylaxis. Appropriately, #ippraisal of anti-enzyme antibody
formation is a crucial component of the clinicaldi®pment programme, and is specifically
relevant during the evaluation of the enzyme’sceffy and safety profile. There is thus a
regulatory expectation that a valid, sensitive, cHge and selective immunoassay is

developed for measuring enzyme-specific antibodpoases**

Erythrocyte encapsulated thymidine phosphorylaseT@ is under development as an
enzyme replacement therapy for the rare metabolisorder, mitochondrial
neurogastrointestinal encephalomyopathy, abbreViateMNGIE >’ The disease is caused
by mutations in the nucled’YMP gene encoding for the enzyme thymidine phosphseyla
(TP), leading to elevated concentrations of thymedand deoxyuridine in cellular and extra-
cellular compartments, and ultimately mitochondfalure due to progressive accumulation
of mitochondrial DNA (mtDNA) defects and mtDNA defibn®*? Clinically, MNGIE
manifests as leukoencephalopathy, ptosis and ojpindipéegia, peripheral polyneuropathy
and enteric neuromyopathy causing severe gaststima dysmotility with cachexi& The
disorder invariably leads to death at an averageod@7.6 years.

3



71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

EETP is produced by encapsulating recombingstherichia coli (E.coli) TP within
autologous erythrocyteex vitro; the loaded cells are then infused into the pati@he
rationale for this approach is based on thymidind deoxyuridine diffusing across the
erythrocyte membrane via nucleoside transportets the cell where the encapsulated
enzyme catalyses their metabolism to the normaymts. The administration of EETP under
a compassionate treatment programme has showntan&as reduction or elimination of
plasma thymidine and deoxyuridine concentrationgiandating into clinical
improvement:®**°EETP therapy has the advantage of prolonging ifeelatory half-life
of the enzyme and potentially minimising the immgemnic reactions, which are frequently

observed in enzyme replacement therapies admiedster the conventional route.

We describe here the validation of a two-step imoassay method for the detection of anti-
TP antibodies in human serum for supporting a phiagirotal clinical trial of EETP. The
analytical method was assessed for screening cot;pgpecificity, intra- and inter-assay

precision, sensitivity, selectivity, drug toleranpeozone effect and stability.

RESULTS

The key results from this validation study are presd in Table 1.

Disease state matrix

Of the seven disease matrix samples from untreaa¢idnts that were screened, five were
negative for anti-TP antibodies. The differencelia mean instrument responses between
the patient and normal matrix samples was 10.1%;vilas not considered to be significant

(see Supplemental Table 1), indicating that theesamt point can be applied (see below).
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Screening and specificity cut-point

The signal distribution for the 51 NC samples wasmally distributed > 0.05) with no
outliers. The validation cut-point was calculatedoe 898.5 relative light units (RLU), see

Table 2, first iteration.

Statistically significant differences were eviddémtween the means for analyst, day, plate,
analyst by plate, analyst by day and analyst bytmaplate interactiongp€0.001) and also
the variancespk 0.001) indicating a dynamic screening cut-p¢sste online Supplemental
Figure 1). Each analyst was analysed separatalgtermine the source of these differences.
For Analyst 1 there were significant differencesnmen the means for day, plate and their
interaction, but not the variances, indicating @afing screening cut-point. For Analyst 2,
there were significant differences between the mdanday, plate and their interaction and
the variances, indicating a dynamic cut-point. Bueractical limitations of using a dynamic
cut-point, the validation study continued using Amst 1, thereby applying a floating cut-
point which was calculated as 1066.6 RLU, see T&bleecond iteration. The correction
factor for the screening cut-point for Analyst 1saestimated to be 128.6 RLU and this was

applied to subsequent assays.

An analysis of the specificity cut-point data releglaa normal distribution and one outlier
which was excluded. The fixed specificity cut-gowas calculated to be 93% inhibition
(Figure 1). Statistically significant differencesrg evident between the means for analyst,

day, plate, analyst by day, day by plate and ahalyslay by plate interactionp<0.001).

Sensitivity
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Assay sensitivity analysis was determined from dggaerated by Analyst 1 only and was

calculated as 356 ng/mL, see Supplemental Table 2.

Controls

The NC samples were below the cut-point, the LRG@ptas above the cut-point and the HPC
samples at the high end of the dynamic range ftr bdra and inter assay analyses, and are
therefore considered suitable. Controls pre-incedban the presence of 12,500 ng/mL TP
demonstrated RLUs below the cut-point in both intmad inter-assay analyses, with

inhibitions ranging between 80.6 to 98.8%, Table 3.

Assay drift was not observed, as indicated by amubtherence in response readings of the
control samples at the beginning and end of thayaptate being within + 30%, when

compared to each other (data not shown).

Drug tolerance

The drug tolerance of the analytical method waerd@hed at 156 ng/mL (Figure 2).

Selectivity

All low and high spiked samples were above thepmitt without TP and below the cut-
point with TP. Inhibitions at the confirmatory drugpncentration (12,500 ng/mL) were
observed for the high spiked patient and controhdas (Figure 3). Matrix effects with
regard to the therapeutic enzyme and disease statdex are therefore not considered

significant.
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Prozone

The instrument response readings remained abovedbay cut-point, therefore prozone
effects were not observed up to a serum anti-Tkady concentration of 25,900 ng/mL,

2.59-fold higher than the HPC (data not shown).

Stability

Anti-TP antibodies were stable up to 24 hours atmdemperature and for up to five cycles
of freeze-thaw at -AC (Figure 4). The precision (% CV) of the instrumegsponses was

20%.

Evaluation of serum samples from treated patients

Serum samples from three patients were analysearébéfeatment and at different time
points during treatment, Table 4. The mean instntmesponses for all pre-treatment
samples were below the assay cut-point. For patlenbne sample after 9 months of
treatment was above the cut-point. For patientl Zaanples during the treatment phase were
above the cut-point. For patient 3, one sample &fteonths of treatment was above the cut-
point. All positive samples from patient 2 wereufid to be specific in the confirmatory
assay. Positive samples for patients 1 and 3 warérmed as non-specific antibodies as the

inhibition was below the specificity point of 93%.

DISCUSSION
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Autologous erythrocyte-mediated enzyme replacemenemployed as a strategy for
preventing or minimising the development of immueactions against therapeutic enzymes.
Our experience includes the treatment of a patiatit adenosine deaminase deficiency with
erythrocyte encapsulated adenosine deaminase aratlthinistration of EETP to 5 patients
with MNGIE under a compassionate use programé*’ A recombinanE.coli source of
GMP TP has been developed to support a clinical of EETP. Although erythrocyte
encapsulation would be predicted to reduce the inugenicity of the enzyme, an
intravascular release of TP from damaged erythescia likely to evoke an immunogenic
reaction against a protein of bacterial origin. Ténvaluation of the immunogenicity of
therapeutic enzymes is an important aspect ofcelirdevelopment as the formation of anti-

enzyme antibodies can negatively influence theaéfy and safety of the proposed treatment.

In this study, we validated a method for the déacof anti-TP antibodies in the serum of
patients treated with EETP according to publishedommendations for the design and
optimisation of immunoassays for the detection obthantibodies against therapeutic
proteins® * 82! To minimise the false positive rate and to inseeapecificity, a two-step
analysis was adopted; a screening assay foidéetification of anti-TP positive patient
samples, followed by an assay for confirming fhresence of anti-TP antibodies. Due to
having the potential to detect all antibody isotymend classes produced in an immune
response, an electrochemiluminescent bridging inoassay platform was selected. Fifty-
one individual control serum samples were usedeterchine the 95% confidence interval
used as the cut point factor. The cut-point favtas added to the mean signal for the pooled
NC serum on each plate to establish the cut plirthe second analysis step, a confirmation
assay was developed to confirm the specificityuibpvely positive samples identified in the
screening assay. In this approach, PC samples pverscubated with and without a high

8
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concentration of TP to inhibit the assay signaldmelythe cut point value; inhibition above
the cut-point confirmed the presence of anti-TRbadlies. Ideally, cut-point assessments
should be conducted using disease state serum esnmolwever for rare diseases, obtaining
a sufficient number of patient samples is challeggiTo address possible differences
between control and diseases matrices, assay is#jet#sting was assessed in patient and
NC matrix samples. The bioanalytical guidelinestivd EMA and FDA recommend the
testing of at least ten individual sources of samphtrix, however because of the rarity of
MNGIE, only seven patient matrix samples were add for testing?® The mean
instrument responses between the patient and NCixmstmplesnevertheless were not
significantly different, therefore demonstrating thbsence of disease matrix effects. Testing
a larger number of samples will be contemplatednduthe clinical trial when more patients

will be available.

The assay provided an adequate sensitivity of 3@l of polyclonal antibodies in serum,

this is in the accepted range of 250 — 500 ng/miseérum for antibody assays in clinical
trials** Drug tolerance was 156 ng/mL; in patient compassi® use studies, plasma levels
of free TP are undetectable and therefore assafem¢nce by free TP is considered

negligible.

No specific anti-TP antibodies were detected ingo#¢ 1 and 3, determined using the
confirmatory assay. However, in patient 2 positei-TP antibodies were detected after 8
months of treatment (after nine administration&BTP) onwards. The development of anti-
TP antibodies does not necessarily predict theldpweent of adverse events in patients, but

could potentially impact on the efficacy of TP mhibiting the pharmacological activity of
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the enzyme through the formation of immune comm@exeother clinical consequence of
anti-body formation is cross-reactivity with an egdnous protein, which performs a key
physiological function. The development of specdinti-TP antibodies in Patient 2 did not
raise any specific concerns with regard to thecadly of encapsulated TP, as depletion of the
plasma metabolites improved over the 5.5 yearglofigistration and clinical improvements
were also recorded. Nevertheless, heterogeneity in patient antibodypaoases are often
observed and thus sufficient data should be comhpdearing clinical development to
characterise antibody response variability. Guneasl of the FDA and EMA recommend that
specific antibody responses are further analysedéatralizing capacity.* > Neutralising
antibody assay validation was not included in gtigly, and although we anticipate that it is
unlikely that neutralising antibodies will be forthelue to the encapsulation of TP in the
erythrocyte, a relevant assay will be validatedirdurclinical development and prior to
marketing authorisation applications. Pre-clinisaldies with EETP demonstrated specific
anti-TP antibodies in 2/18 treated dogs and 19/é8ted BALB/c mic€. The development

of specific antibodies against TP is not a surpgsabservation since senescent erythrocytes
are naturally sequestered from the vascular commgautt by macrophages of the monocyte-
macrophage system, which is able to present arstitpe lymphocytes. We have previously
shown that humoral responses can be elicited by atiministration of erythrocyte
encapsulated antigens to BALB/c mf@ne of the advantages of employing the autologous
erythrocyte is that the development of antibodigsirsst the carrier is unlikely, and indeed

this has not been encountered in 25 years of aliexperience.

To conclude, this assay has appropriate performelmaeacteristics and is considered suitable

for the detection of anti-TP antibodies in humaruse Further assay refinement will be

10
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implemented during clinical development to inclube validation of a neutralising antibody

assay and detection of IgE antibodies.

MATERIALS AND METHODS

This validation study was designed to adhere t@meuendations for the validation of
immunoassays used for detection of host antibodigainst biotechnology products
according to FDA and EMA immunogenicity guidelinasd in compliance with Good

Laboratory Practice (GLP) standard$.'®%
Reagents

All reagents were supplied by Meso Scale Discoveig,unless otherwise stated. The wash
buffer was phosphate-buffered saline (PBS) with5&0Tween 20 (Sigma Chemical
Company, UK). Blocker A solution consisted of 5%\(WBlocker A in phosphate buffer; the
assay buffer was 1 volume of 5% Blocker A solutmd 4 volumes of wash buffer; and the

Read buffer (4x) was diluted 1 in 2 with ultra-higlrity grade water.

RecombinantE. coli (TP, 13 mg/mL) produced by the methodology empdoyer the
manufacture of clinical GMP material was employed the development and validation of
this immunoassay (Diatheva, Italy). A 12,500 nghwnirking solution of TP was prepared by
dilution in assay buffer. Biotinylated and sulfo-GATP conjugates were prepared as the
capture and detection antigens, respectively, asritbed previously and were used to
formulate a conjugate mastermix complex workingisoh containing 300 ng/mL biotin and

300 ng/mL sulfo-TAG in assay bufféf.

Negative and positive human serum controls

11
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A negative control (NC) human serum pool was pregdrom 15 individual human samples
which had been screened against a positive cotdtitiration curve for the presence of anti-
TP antibodies and stored at °20until required. Positive human serum control§)(Rere
prepared from affinity-purified rabbit anti-TP amidy (0.518 mg/mL, custom produced by
Open Biosystems, Huntsville, USA) diluted with N&a& to produce the low PC just above
the cut-point (LPC, 400 ng/mL) and a high PC givagproximately 75% of the maximum
signal (HPC, 10,000 ng/mL). Prior to analysig MC and PC samples were diluted 1 in 10

with assay buffer.

Samples from patients with MNGIE

To ascertain that the normal matrix was represestaif the disease state matrix, seven
individual treatment-naive disease state humamsesamples were screened and analysed

alongside ten individual NC samples.

Serum samples from three patients with a confirgiadnosis of MNGIE who had received

2 to 4 weekly infusions of EETP (3.9 to 108 U/Kgdgaveight) were collected pre-treatment
and at a number of time points after therapy itidia Samples were stored at -80°C in a
temperature-monitored freezer until sample anglysysa two-tiered process, a screening
assay to identify samples positive for anti-TP lzodies, followed by a confirmatory assay to
establish if the antibodies were specific to TRC, MPC and HPC samples were included in
each assay run. Approval for the study was obtainech the National Research Ethics

Service Committee. Patient informed consent waaioétl prior to the start of treatment.

Assay procedure

12
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Assays were performed using an electrochemilumargsbridging immunoassay. Briefly,
NC, PCs and test samples were diluted in assagtbuith and without TP for 1 hour at
room temperature, after which 75uL were added thsveé a polypropylene 96-well plate
(Fisher Scientific, UK) followed by 75 pL conjugaimastermix. The plates were covered
and incubated at room temperature for 2 hours sheking at 800 rpm. Following this, 350
uL Blocker A solution were added to the appropriaédis of a streptavidin gold plate, which
was then covered and incubated at room temper&tur2 hours with shaking at 800 rpm.
The streptavidin plate was then washed three timitbs350 puL wash buffer per well using a
plate washer; the last wash was aspirated and lte plotted dry by inversion over
absorbent paper. Two 50 pL aliquots from each wfathe polypropylene 96-well plate were
transferred to corresponding duplicate wells indtreptavidin plate, which was then covered
and incubated at room temperature for 1 hour, slitaking at 800 rpm. This was followed
by three washes with 350 pL wash buffer per welhgis plate washer; the last wash was
aspirated and the plate blotted dry by inversioar@absorbent paper. Finally 150 pL Read
buffer (2x) were added to each well the plate read MSD Sector Imager 6000 within 10

minutes.

Method validation parameters

Reagent optimisation

Design Expert was used to optimise the concentraid biotinylated TP and Sulfo-TAG TP.

PC standard curve for assay sensitivity determination

13
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PC calibration curves were prepared from workingngards (n=2, in duplicate) and
processed using a 4-parameter logistical algorithm;fitting routine was applied throughout

the determination of screening and specificity oitat, and assay sensitivity.

Screening and specificity cut-point

The screening cut-point was assessed to determé¢hteshold for identifying samples as
negative or potentially positive (equal or above ttut-point) for the presence of anti-TP

antibodies. The methodology applied was that oih&aeet al. *

where the purpose was to
determine the type of cut-point required (floatifiged or dynamic), calculate the cut-point
value and determine the specificity (confirmatianjt-point. Fifty-one individual human

serum samples were measured in duplicate, by talysts, over three plates, on three days.

The specificity cut-point assay is employed to datee whether samples identified as
potentially reactive in the screening assay aréipe<r negative for anti-TP antibodies. The
same source of serum samples that were employtbe iscreening cut-point assay were pre-
incubated with TP at a concentration of 12,500 rg/mhmis being ten times the lowest
concentration that was observed to fall below tleeening cut-point during assay
development. Each assay run included a PC stacdavd, NC, LPC and HPC samples, with

and without TP.

Assay sensitivity

The sensitivity of the assay is defined by the Istv@ncentration at which a PC antibody

preparation consistently provides a positive signathe assay. This was calculated as the

14
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347

mean concentration obtained by interpolation offla¢e-specific cut-point value against the
PC curve on each of the 18 assay runs describeeeabod then determining the lowest
concentration that is measured as positive 95%etite. Instrument responses, RLUs for

the PC samples were assessed according to tredioreto the cut-point.

PC and NC sample suitability

Intra-assay precision was determined by the repgli@nalysis of NC (4 independent
preparations of NC, 3 independent preparationsR& and 3 independent preparations of
the HPC samples in one assay run. An additionabfsebntrol samples pre-incubated with
12,500 ng/mL TP was also analysed. Inter-assaygioacwas determined from the replicate
analysis of 4 independent preparations of NC, 2pedtident preparations of LPC and 2
independent preparations of HPC samples, with atitbut TP on 15 occasions spanning 4
different days, by two analysts. Assay drift wasessed by analysing control samples (+ pre-

incubation with TP) in the first and last columrigle assay plate.

Drug tolerance

The tolerance of the assay to free TP was assegsae-incubation of the LPC for one hour
in TP over the final concentration range of 39. 48000 ng/mL. A sample without TP was

also analysed.

Selectivity

Assay selectivity was assessed to determine whéfieeassay was affected by the disease
state matrix or by the potential existence of tpetdic TP in serum samples. Individual

15
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control (n=10) and disease (n=7) serum samples waspiked and spiked with anti-TP
antibodies at low (400 ng/mL) and high (10,000 rigfmoncentrations. Two aliquots of
sample were prepared and incubated for 1 hourabgeot with buffer and the other aliquot
with assay buffer containing free TP (12,500 ng/niif)e samples were distributed over four
assay runs. The percentage inhibition of signatha presence of free TP was calculated

using the formula described in Data handling antsdics.

Prozone

Assay prozone caused by high anti-TP antibody $ewels investigated by serial dilution of a
high spiked sample (containing anti-TP antibodiea aoncentration of 25,900 ng/mL) with

assay buffer.

Sability

The effect of anticipated sample handling condgiom assay performance were evaluated,
specifically bench top storage at room temperatooeninally 22C) and repeated freeze-
thaw cycles. Room temperature effects were assdssthawing one set of PC samples for
approximately 24 hours (expected maximum duratiat $amples would be left thawed) and
an addition set for baseline assessment, just fwrianalysis (n=3, in duplicate). The effect
of repeated freeze-thaw cycles on the stabilityaofi-TP antibodies was assessed by
subjecting PC samples to three and five freeze-ttyohes, with each cycle consisting of a
minimum of two hours at room temperature, follow®d storage at -AC for at least 12
hours (n = 3, in duplicate). An additional set & Bamples for baseline assessment was
thawed prior to analysis. Stability was verifiedtife mean precision (% CV) and mean

percent difference from the baseline responses #&60&o.

16
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Data handling and statistics

Instrument responses are reported as mean valugkWf All data acquisition, processing
and evaluations were performed using the Watsorodaabry Information Management
System version 7.2, Microsoft Excel and Meso Séaseovery Workbench version 3.0.185.

Data for cut-point calculation was analysed usiA& ¥ersion 9.1.3.

Assay cut-point evaluation was performed using stegistical methodology described by
Shankaret al.*® Measurements for each of the 51 human serum sarptd. 8, in duplicate)
were averaged and tested for normality using thepBb Wilk's test®, logarithmic (base 10)

or square root transformation was applied to namadly distributed data. An assessment
for outliers was made using the Studentized Del&esiduals whereby residues <-3 or >3
standard deviations (SD) were excluded. Once ositliere removed, data was reassessed for
normality; the validation cut-point was defined #ee 95% Quantile for non-normally

distributed data, or the mean + 1.645*SD for nolyndistributed data.

To assess the type of screening cut-point to apghyanalysis of variance method was
applied to assess for any analyst, plate and désrelces on either the untransformed or
transformed data, depending on the outcome of tlagi® Wilk's test above. Analyst, plate,
day and their interactions were set as fixed fagtwhereas subject was included as a random
effect. Levene’s test for homogeneity of variames performed® A fixed screening cut-
point was indicated if there were no differencesvarances, whereas a floating cut-point
was reported if there were differences between meaty, otherwise a dynamic screening

cut-point was requiretf The Correction Factor was calculated as the vedidacut-point

17
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minus the mean of the NC values from the validations. The screening cut-point was
defined as either the validation cut-point or theam of NC values from the in study run +

Correction Factor, depending on whether the meadwariances between runs were similar.

The fixed specificity cut-point was calculated @sthe method of Shankeral. *® For each
sample the percentage inhibition of signal in trespnce of free TP was calculated as

follows:

) S drug inhibited sample
Signal inhibition (%) = 100 X [1 — ( — )]
unihibited sample

Data was assessed for outliers and normal disimibi#nd treated accordingly, as described
above. For normally distributed data, the fixedcHjpety cut-point was calculated as mean %
inhibition + 3.09 x SD. For data not normalisedtansformations, the specificity cut-point

was calculated as medium + 99% quantile. AnalyEigaoiance techniques were applied to

assess for analyst, plate and day differences.

In the event of differences between analysts ftreeiinhibited or uninhibited samples, the
sensitivity analysis was performed separately facheanalyst. Each dilution curve was
analysed using a four-parameter model. For a figatut-point, separate curves were
analysed for each plate, whereas for a fixed cuttgbe data were combined from all plates.
The screening assay cut-point determined to beopppte for the method was back-
calculated onto the standard curve for each platebtain the log concentrations of the
screening cut-points. These were averaged acrbgdatds and a 95% confidence interval
obtained for the overall mean on the log scale. Gdek transformed upper 95% confidence

interval was calculated, which was defined as #msiivity of the assay.
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Figure 1. Specificity cut-point. To establish the specificity cut-point, 51 indival control
serum samples were pre-incubated with TP at a edrat®n of 12,500 ng/mL, and analysed
in duplicate by two analysts over three plateshved days to assess % signal inhibition.
Significant differences were observed between thans for analyst, day, plate, analyst by
day, day*plate and analyst*day*plate interactioms 0.001). Data is expressed as mean %

signal inhibition + SD.

Figure 2. Assay tolerance to free TPInstrument response as function of TP concenfrati
The LPC was spiked with TP over a concentratiogeaof 39.1 to 40,000 ng/mL and

incubated for 1 hour before analysis. The bluevaiiralicates the assay drug tolerance.

Figure 3. Assay selectivity Individual control (n=10) and disease (n=7) segamples,

were unspiked or spiked with anti-TP antibodie®at (400 ng/mL) and high (10,000

ng/mL) concentrations. Two aliquots of each sarm@ee prepared and incubated for 1 hour,
one aliguot with buffer and the other aliquot withe TP (12,500 ng/mL). Dotted line

represents assay cut-point. Data is expressedjasdan RLU + SD.

Figure 4. Stability of anti-TP antibody after 24 hairs at room temperature and after
repeated freeze-thaw cyclesThe dashed lines represent the assay cut-@oiger Data is

expressed as log mean RLU + SD.
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Table 1. Summary of key validation parameters for he assessment of anti-TP

antibodies in human serum.

Validation Parameter

Results

Positive control standard range
Correction factor for cut-point calculation
Screening cl-point

Specificity cut-point

Assay sensitivity

Intra-assay performance
Negative contro

Low positive control
High positive control

Inter-assay performance
Negative control

Low positive control
High positive contrc
Assay drift

Minimum required dilution (MRD)
Selectivity (matrix effect:
Prozone

Drug tolerance

Confirmatory drug concentration

Sability
Room temperature
Freeze-thaw

2.44 ng/mL to 100§/'mL
129 RLU
Floating cu-point
93.0%
356 ng/mL

Precision, CV (%)
14.5

11.1

1.0

Mean precision, CV (%)
43.3
40.6

30.t

Not present

1in 10
Not preser
Not present up to 25,900 ng/mL
Tolerant up to 156 ng/mL
12,500 ng/mL

Up to 24 hours
Up to five freeze-thaw cycles

@ RLU; relative light unit
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Table 2. Screening cut-point determination The cut point was determined using 51
individual lots of serum, analysed in duplicate twp analysts, over 3 plates, on 3 days. The
cut-point was calculated as the RLU + 1.645*SD. Tirst iteration represents data analysed

from Analysts 1 and 2. Data from Analyst 2 were ogad for the second iteration.

Parameter RLU?
First iteration Second lteration
Mear 797.¢ 914.:
n 36 18
SD 61.2 92.6
Cut poin 898.t 1066.¢
Mean of negative contrc 814.2 938.(
Correction factor 128.6

& RLU; relative light unit
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Table 3. Intra and inter-assay analysis of controbamples with and without pre-

incubation with TP.

Intra assay Inter-assay
Control RLU?® CV (%) % inhibition  RLU CV (%) % inhibition
sample Mean + SD Mean + SD
NC 865 * 12t 14.5 483 + 20! 43.c
NC+TP ND ND ND 8710 11.0 80.6
LPC 1505 + 167 11.1 919 + 373 40.6
LPC +TP 151+8 5.3 90.0 103 £ 27 25.8 88.9
HPC 18111 +18 1.C 12680 + 387 30.5
HPC+TF 265+: 1.C 98.5 158 + 5¢ 37.4 98.€

®RLU; relative light unit

TP; thymidine phosphorylase
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577 Table 4 Screening analysis and confirmatory assay of posit patient samples

Patient ID  Treatment Screening Confirmatory assay

(months) Assay % inhibition  Specificity
(-TP9)

1 Pre-treatmer Negative
9 Positive 73.7 Nonr-specific
15 Negative
21 Negative
28 Negative

2 Pre-treatmer Negative
8 Positive 95.5 Specific
16 Positive 98.8 Specific
22 Positive 97.3 Specific
28 Positive 98.1 Specific
35 Positive 98.5 Specific
41 Positive 98.8 Specific
49 Positive 99.1 Specific
60 Positive 99.C Specific
73 Positive 97.6 Specific

3 Pre-treatment Negative
6 Positive 75.6 Non-specific

578
579  °TP; thymidine phosphorylase
580
581
582
583
584
585
586
587
588

589
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Supplemental Figure 1. Screening cut-pointTo establish the screening cut-point, 51 indigddu
control serum samples were analysed in duplicaténsoyanalysts over three plates on three days.
Significant differences were observed between mefams analyst, day, plate, analyst*plate,
analyst*day and analyst*day*plate interactions (p801) and variances (p<0.001). Data is expressed
as mean RLU + SD.

1400 I Plate 1
E Plate 2
|

1200 | Plate 3

1000

= 800
4
c
8

S 600 F

400

200

ol

1 2 3 1 2 3
Day
Analyst 1 Analyst 2

Supplemental Table 1. Comparison of instrument respnses to negative control and disease
state matrices.

a
Serum sample Instrument response (RLL®)

Mean + SD CV (%)
Disease (n=5) 1169 + 388 33.2
Healthy control (n=10) 1301 + 141 10.9

®RLU; relative light unit

Supplemental Table 2. Sensitivity analysis for Angkst 1 for each of 9 plates

Plate Mean RLU? Screening cut  Log sensitivity
Negative point® (RLU) level
control

1 1037.( 1165.¢ 1.171

2 981.( 1109.¢ 2.23¢

3 905.0 1033.6 2.422

4 920.5 1049.1 3.114

5 818.( 946.¢ 2.47:

6 810.t 939.1 2.24:

7 987.5 1116.1 1.803

8 1107.0 1235.6 2.119

9 875.5 1004.1 2.431

Log mean sensitivity level + SD 2.223+£0.52

Log mean sensitivity Upper 95% C° 2.551

Mean sensitivity Upper 95% CI 355.53

®RLU; relative light unit
®Screening cut point = Negative control mean + Guiva Factor (128.6)
°Upper log mean sensitivity =Mean + (Sf)*t



ACCEPTED MANUSCRIPT



% signal inhibition

100

80

60

40

20

1

I Plate 1

E Plate 2
E Plate 3
2 2 3
Day
Analyst 1 Analyst 2



Instrument response (RLU)

1400

1200

1000

800

600

400

200

Cut point

Drug tolerance = 156 ng/mL

10°

10? 103 104

TP concentration (ng/mL)

10°



Log Response (RLU)

10°

104

10%

102

10°

. TP
TP

80.3 88.3 98.9 869 [l 923 977

Unspiked Low High Unspiked Low High

Negative control Disease state
Level of anti-thymidine antibody spike



Log Response (RLU)

108 1

I LPC
Il HPC
104 4
103 - )
— Cut point range:
561-792
102 4
101 _

24 hours 3 cycles 5 cycles

Room temperature Freeze-thaw



