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SUMMARY

Twenty-one laboratories participated in a collaborasively to establish a replacement for the 2nd
International Standard for Antithrombin, Concentrate, Hnif®6/520). There was excellent
agreement between laboratories, as indicated by l@rlmboratory variability (% GCVs) for the 3
candidate materials which consisted of one recombimahtveo plasma derived clinical
concentrates. In terms of performance, stability efand physical characteristics of the
candidates, all 3 materials are very similar. Howgetreere is a larger number of ampoules of
sample C, 06/166 available. It is therefore proposedstraple C, 06/166 is considered as the 3rd
International Standard for Antithrombin, Concentrate, Haonwith labelled potencies for both
functional activity 4.4 IlU/ampoule and antigenic valuet(5 IU/ampoulg. All participants and
experts from the Scientific and Standardisation Subcitieen(SSC) of the International Society on
Thrombosis and Haemostasis (ISTH) have agreed witlptbosal.

INTRODUCTION

Antithrombin is the most important endogenous inhibitcaiaivated coagulation factors.
Antithropmbin deficiency, whether congenital or acquireduits in an increased risk of venous
thromboembolism. Replacement therapy using clinicathmambin concentrates is available and a
reliable potency standard is essential for accurate aakignment of these clinical products. The
2nd International Standard (IS) for Antithrombin, Corcate, Human, 96/520 was established in
1997 and it was value assigned against the 1st InternaStaadard for Antithrombin,
Concentrate, 88/548. Due to the depletion of stock of 96/ &fplacement is required. In the
present study, three candidate materials were assayedtatp@i 2nd International Standard for
Antithrombin, Concentrate, 96/520, with a view to establisaimgw material as the 3rd
International Standard for Antithrombin, Concentrate, HonThe 2nd International Standard for
Antithrombin, Plasma, Human, 93/768 was also included irsthidy to compare the antithrombin
unitage as defined by the concentrate and plasma standards.

PARTICIPANTS

A list of participants is given in Appendix 1 at the endho$ report. Each laboratory is referred to in
this report by an arbitrarily assigned number, not neogssapresenting the order of listing in the
Appendix. A total of twenty-one laboratories includingr#iithrombin concentrate producers, 8
regulatory control laboratories, 3 diagnostic manufacsusiad 1 clinical laboratory returned results.
SAMPLES

Coded samples included in the study were:

A - the 2nd International Standard for Antithrombin, Gamtcate, Human, 96/520. Functional
potency: 4.7 IU/ampoule; Antigen value: 5.1 I[U/ampoule.

B -  a purified recombinant human antithrombin conceet@6/160. Potency range for both
function and antigen: 3.0 - 5.0 IlU/ampoule.
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C-  apurified plasma derived human antithrombin concent@®/166. Potency range for both
function and antigen: 3.0 - 5.0 IlU/ampoule.

D- a purified plasma derived human antithrombin concextf#/168. Potency range for both
function and antigen: 3.0 - 5.0 IlU/ampoule.

P - the 2nd International Standard for Antithrombin, PBsruman, 93/768. Potency for both
function and antigen: 0.85 IU/ampoule.

ASSAY METHODS

Each participant was requested to perform their routit®use method(s) for antithrombin,
including at least one type of functional assay. Adlfinctional assays performed were based on
the heparin co-factor chromogenic method. Seventeerakabes used thrombin, 3 laboratories
used FXa and 1 laboratory (Lab 16) returned functionalfdata different types of heparin co-factor
assays, one with thrombin and the other with factoriXhthese are referred to as 16 and 16ae
laboratories performed antigenic assays. Lab 14 retursatisédom 2 different types of antigen
methods which are referred to as 14 and 14a. Of the labesathat performed antigenic methods,
2 laboratories performed Laurell, 4 laboratories empmloge nephelometry, 3 laboratories used
ELISA and 1 laboratory usechmunoturbidimetric assaf.wo laboratories returned one set of data
each for crossed immunoelectrophoresis (CK)ist of methods performed by the participants is
given in Appendix 2.

STUDY DESIGN

Participants were requested to perform four independsaysor each type of method. They were
requested to assay concurrently a series of at leastdlugions of each of the five study samples.
The assay order of the materials (including replicates) varied to give an overall balanced order of
testing. Duplicate measurements on the same dilutmuld be included if so wished. Participants
were requested to return raw assay data, along withawairestimates for the antithrombin potency
of materials B, C, D and P using A as the standard.

RESULTS
Assay Data

Functional activity assays were performed by 20 laboestohn total, 85 functional assays were
considered for analysis as each laboratory performadalys apart from lab 16 which performed
two types of functional activity assay and Lab 1 repkates assay. Antigen assays were performed
by 9 laboratories. In total, 40 antigen assays were se@lyFor the functional activity assays, some
laboratories also included an in-house or commerciddreait but as these were not included as part
of the study design, results for these samples wareamsidered in the analysis.
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Statistical Analysis

In the majority of cases, parallel line anal§siss employed to calculate the potencies of samples B,
C, D and P relative to A. After an appropriate transfation, the response was plotted against log
dose, assessed visually and formally tested for devistigaigst linearity or parallelism at the 1%
level of significance. For the majority of laboraés a squared transformation yielded the best
linearity in functional assays. For Lab 14 and 15 theamsformed responses gave the best linearity.
For Lab 6, responses were transformed to percentagéisedb the estimated upper and lower

limits of the dose-response curve and weighted regress$iogit response on log dose was used.

For antigen assays by Lab 6, 12, 13, 16 and 21, a log trangfas used and for Lab 14, 14a and 18
no transformation was required.

For Lab 2, 5 and 11 functional assays no transformationwiniearised the dose response curve
could be found so the dose response curve was splitnantsections which were analysed
separately. A geometric mean of the two estimatesheascalculated as the overall potency
estimate for each assay. In each case, the timoaess were not discrepant by more than 10%
indicating satisfactory parallelism.

Lab 8 only tested sample A at multiple doses in theictional assay. Samples B, C, D, and P were
repeated at single doses and the mean responses welr@me#lte dose response curve of sample A
to produce potency estimates. While this did not allowsaessment of parallelism to be made, the
results were in agreement with other laboratorieshave been included in the overall analysis.

Using all results considered acceptable, potency estihatesbeen combined as unweighted
geometric means. Variability within-labs and between-ldsbeen expressed using geometric
coefficients of variation (GCV) In addition, each of the laboratories reported thein potency
estimates for each assay and a geometric mean anch@&@\been calculated based on their
reported potency estimates.

To test for any outlier results, an analysis of vamaoiclog potencies with Duncan’s multiple
comparison test was udedAny laboratory that was significantly differentat others at the 1%
level of inference was classified as an outlier.

Assay Validity

Satisfactory linearity and parallelism was achievedhérhajority of assays. For the functional
assays by Lab 16a, 16b, 21, 9 (assay 4 only) and the antggeys &y Lab 12 and 16, the appearance
of the dose response curve was acceptable but signifiesiattions from linearity and/or parallelism
were detected due to small residual error resulting froail shfiferences in the replicate responses.
Exclusion of these assays did not change the overxathgegic mean potency estimates of the
samples by more than one percent and the resultsneduded in all further calculations.

For the antigen assays by Lab 2 and 19, there weresgerdeponse curves and the laboratories’
own potency estimates have been used for analysis.

For the functional assays, an incomplete set afitsew/as obtained for some laboratories and these
are as indicated below:
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Lab 1: The second assay of sample D was found to bénear-and was independently retested in a
separate assay but the variability amongst replicadsdavge and the dose response curves were
rejected. The fourth assay was completely rejecteébealsb noted a possible error with the machine.

Lab 7: Each assay was split over two plates, with ptates testing A, B & C and four plates testing
A, D & P. For assays testing A, B & C, one was rgdalue to the level of variability in the
responses. In the others, C was non-parallel to B aftrAassays testing A, D & P, A was non-
linear and non-parallel to D and P in one assay. ImhanotP was non-parallel to A and D.

Lab 9: Sample D was non-linear in assay 4, therefarieiéed.

Lab 11: Sample P was not tested.

Lab 14: Sample C was non-linear in assay 2, therejaladed.

Lab 15: Sample P in assay 1 excluded due to large differbetesen replicates.
Lab 16: Sample P was non-linear, therefore excluded.

Lab 19: Sample P non-linear in assay 2, therefore exatlude

Functional Activity

Detailed values of individual assay and geometric meaempas for samples B, C, D and P relative
to sample A, the 2nd IS for Antithrombin, Concentréteman, calculated for each laboratory by
NIBSC are shown in table 1.

Summaries of geometric mean potencies from individualr&tbries and the overall geometric mean
potencies and 95% confidence intervals (CI) for the NIB&Cutation only are listed in tables 2 — 5.
The potencies according to laboratories’ own calculatare also indicated. The data are also
shown in histogram form for samples B, C, D and RHerNIBSC calculations in figures 1 — 4.

The histograms illustrate good agreement between lalv@sfor samples B, C, D and P. However,
for sample B, Lab 16a was identified as an outlier Aedésults were calculated including and
excluding this outlier. In addition, the spread is gredtestample P suggesting that agreement is
slightly better for samples B, C and D.

The variability within each laboratory, expressed asyggdc coefficients of variation (GCV's) for
each sample is given in tables 2 - 5 for those basedIBSC potency calculations. With the
exception of Lab 7 that obtained GCVs greater than 20%afimples B and D, all laboratories
obtained GCV less than 6% (the majority being less #8@n There was no apparent difference in
intra-laboratory variability between methods.

Variability between laboratories for the potency eat#s of samples B, C and P relative to sample
A, are also shown in tables 2 — 5 as % GCV's using IBS@! estimated potencies. The %GCVs
for samples B (excluding Lab 16a), C, D and P are 5.0332nd 8.0 respectively.
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Lab 4, 10, 16a, and 19 performed FXa based assays whildtelllabs performed thrombin based
assays. For each sample a t-test of the log potesticyages showed no significant differences
between the two methods.

Antigen Measurement

Detailed values of individual assay and geometric meaenmp@s for samples B, C, D and P relative
to sample A, the 2nd IS for Antithrombin, Concentréteman, calculated for each laboratory by
NIBSC are shown in table 6.

Summaries of geometric mean potencies from individualr&tbries and the overall geometric mean
potencies with 95% confidence intervals (Cl) for the NIB&lculation only are listed in tables 7 —
10. The potencies according to laboratories’ own calomsiare also indicated. The data are also
shown in histogram form for samples B, C, D and RHerNIBSC calculations in figures 5 - 8.

Both intra- and inter-laboratory variability are slitytthigher for antigen measurement than for
functional activity. With the exception of Lab 14 tleditained over 30% intra-laboratory GCV, the
GCVs for other laboratories ranged from 0.6% to 10.8%. ifitee-laboratory GCVs for sample B,
C, D and P (excluding Lab 6) are 4.7, 9.9, 10.8 and 6.8 résggctThe main cause of the higher
inter-laboratory GCV for samples C and D by comparisdgh sample B is due to the higher
estimation of values for samples C and D by Lab 6rdkelts of which were included as they were
not statistically classified as outliers.

Comparison with locally calculated results

The estimates calculated at NIBSC were comparedgetreported by the laboratories. Lab 2, 20
and 21 used an in-house reference to calculate their owmcgatstimates so did not calculate
samples B, C, D and P directly against A. These lams@bvided potency estimates for sample A
and the lab geometric mean potency estimates for anadtactivity were 5.06, 5.34 and 4.97
IU/ampoule for Lab 2, 20 and 21 respectively. In all calsissg higher than the assigned potency of
4.7 IU/ampoule. Because of this, the NIBSC potency estgrfatr these labs are more discrepant
than for other labs. NIBSC estimates for all samales consistently around 88% of the Lab 21
estimates and 94% of the Lab 20 estimates. For Labr2shés are less discrepant but still slightly
lower for samples B, C and D. In almost all othesesawhere no samples or assays have been
excluded the NIBSC results are within 3% of the reparediIts. This also suggests that the
calibrants or in-house standards used by these 3 laboratboelkl be reassessed for comparability
with the IS.

Overall potency estimates relative to the 2nd International $tndard for Antithrombin,
Concentrate, Human, 96/520

The overall mean potency estimates for all the sasrgule summarised in table 11. For sample B,
the potency estimates are 4.26 and 4.35 IU/ampoule foridarend antigen respectively. For
sample C, the potency estimates are 4.40 and 4.45 IU/anfpofiection and antigen respectively.
For sample D, the potency estimates are 4.38 and 4.35 poidenfor function and antigen
respectively.
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The assigned values for sample P, the 2nd IS for Aatithin, Plasma, Human, 93/768 are 0.85
IU/ampoule for both function and antigen. The potencynases from the current study are 0.84 and
0.79 IU/ampoule for function and antigen respectively. diference between the assigned and
estimated potency for functional activity is 1.2%. Giveat the GCV for the current study is 8.0%
and the 95% Cl is 0.81 — 0.87 IU/ampoule, this result indsdiz there is good continuity of the
plasma and concentrate international unit of funeti@eativity for antithrombin. For the antigen
measurement, there is 7.1 % difference in the potericyas when compared with the assigned
value. However, considering that the range of valu&s (. 0.93 IU/ampoule) is relatively wide
and that the measurement of concentrate against pésesanot always give good comparative
responses, more data would be needed to confirm whethépdldifference requires further
attention.

Crossed immunoelectrophoresis (CIE)

Crossed immunoelectrophoresis (CIE) is a semi-quémgteechnique and is used qualitatively by
many manufacturers to assess their products. It is pm &uropean Pharmacopoeia (EP)
Monograph for Antithrombin Concentrate, the requireniesing 60% of the product must be
heparin binding. Since only 2 laboratories (Lab 9 and 14) peei this method and only one set of
data was returned by each laboratory, it was not pessildarry out any statistical analysis.
However, there was agreement for samples B, C, OPabdt not for sample A. No low affinity
material was detected in samples B, C, D and P. dfople A, the 2'1S, Lab 9 found the sample
contained only high affinity material, while Lab 14 rejgal 87.5% of high affinity fraction.

STABILITY STUDY

Preliminary accelerated degradation data on samplesaBd © indicate satisfactory stability. After
9 months storage of samples B, C and 6 months stofagenple D, NIBSC has found no
significant loss of functional activity in the samplgored at +20, +37 and 45°C (activity relative to
the —150°C samples). Further accelerated and real timad#egm studies will be carried out.
WHO and users of this material will be informed of amn#icant loss of activity of -20°C samples
(storage temperature of the stock).

DISCUSSION

The main aim of this study was to value assign a replackeimternational standard for antithrombin
concentrate. It also provided an opportunity to re-examh@eelationship between the plasma and
concentrate standards.

Good agreement of potencies and low intra-laboratonghiity (% GCV'’s) for all candidate
samples were observed, indicating the participants aleadle to assay antithrombin with precision
and accuracy. As shown by the GCV’s in tables 2 — 5 a@, the intra-laboratory (between assay)
reproducibility was good. With the exception of one lakany, the GCVs for the functional assays
were all below 6%. There was no obvious correlatidwéen performance and parameters such as
methods or reagents. For the antigenic assays, weitexiteption of one laboratory, the GCVs were
also below 6%.
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When proposed candidates were assayed against the 2madioteal Standard for Antithrombin
Concentrate, Human, the reproducibility between labadestovas excellent, with %GCVs of 5.0, 3.2
and 3.3 for functional activity of sample B, C, and&nd 4.7, 9.9 and 10.8 for antigen measurement
of sample B, C and D respectively (table 11). Variabiis also low when the plasma standard
was assayed against the concentrate standard, with G@\W6 and 6.8% for function and antigen
respectively (table 11).

There is good continuity of unit between the plasm@ncentrate standards for functional
activity. For the antigen measurement there is a Téreince between the assigned and estimated
value and this may require further monitoring.

Based on the %GCV and the stability profile of allthedidates, bearing in mind that the higher
GCV for the antigen measurement for samples C argddDe to higher values from one laboratory,
there is little to choose between samples B, C, an&&mple B, the recombinant product, compared
well against the current IS and the other candidateshérd is currently only one recombinant
product licenced and others are all plasma derived. Thisstigsggeat samples C and D may be more
suitable as the next international standard. Tableif®r&rises some of the physical characteristics
of the 3 preparations. It is clear that the coefficiehvariation of the fill ( which gives an index of
homogeneity of the batch) and residual moisture (whiaf have an effect on long term stability)
are both very similar for the three candidates. Hameas there are more ampoules of sample C, it
is proposed therefore to recommend sample C, 06/166 teet3rd International Standard for
Antithrombin, Concentrate, Human, with the followingigsed values:

Function: 4.4 |U/ampoule

Antigen: 4.5 |U/ampoule

PARTICIPANTS RESPONSE

All participants agreed with the proposals. Two labtmias raised questions on the model fitting of
the raw data analysis. This does not have any impadtiecimal potency assignment of the
proposed replacement standard.

SSC EXPERTS RESPONSES

All nine experts who responded to the review request agritedh& proposal and recommendation.
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PRODUCT SUMMARY FOR 06/166

The final ampouled material was produced as described byl@din{974 and the finished product
summary is as follows:

Code number 06/166

Presentation Sealed, glass 5 ml DIN ampoules
Number of ampoules available 9400

Date filled 12 October 2006

Precision of fill -
CV of fill mass (%, n = 196)

Residual moisture after lyophilisation (%, n=12) | 0.12

0.21

Mean dry weight (g, n=12) 0.28

Mean oxygen content (%, n=10) 0.50

Storage conditions -20°C

Address of processing facility NIBSC, Potters Bar, EN6 3QG, UK
Address of present custodian NIBSC, Potters Bar, EN6 3QG, UK

Appendix 3 shows the proposed Instruction For Use and Mb8afety Data for this preparation.
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Table 1. Functional Activity: Potency estimates (IU/ampoulejrom individual assays:

Geometric
Lab Sample Assay 1 Assay 2 Assay 3 Assay @ Mean
1 B 3.9¢ 4.4k 4.1¢ . 4.2(
C 3.8f 4.2¢ 4.1 . 4.07
D 4.1¢ . 4.z . 4.1¢
P 0.9z 0.9¢ 0.97 . 0.9t
2 B 4.7¢ 4.41 4.5] 4.5¢ 4.5¢€
C 4.8: 4.4¢ 4.4 4.97 4.6€
D 4,92 4.4 4.62 4.97 4.7%
P 0.¢ 0.6 0.8¢€ 0.9¢ 0.87
3 B 4.71 4.81 4.5¢ 4.5¢ 4.6€
C 4.21 4.57 4.2¢ 4.6t 4.4;
D 4.4¢ 4.6¢ 4.2 4.72 4.5¢
P 0.7¢ 0.82 0.7¢ 0.€ 0.7¢
4 B 4.1k 4.1% 4.4 4.27 4.2¢
C 4.4; 4.3¢ 4.62 4.€ 4.4¢
D 4.3 4.4k 4.5] 4.& 4,57
P 0.7¢ 0.7 0.7 0.7¢ 0.7
5 B 4.3¢€ 4.1 4.02 4.3¢ 4.21
C 4.t 4.2¢ 4.4¢€ 4.2 4.3¢
D 3.9¢ 4.0¢€ 4.4¢€ 4.3¢ 4.2
P 0.82 0.8¢ 0.8¢ 0.8¢ 0.8¢
6 B 4.0¢ 4.02 4.1 4.z 4.11
C 4.47 4.3¢ 4.2¢ 4.4¢ 4.3¢
D 4.3 4.31 4.1¢ 4.3¢€ 4.3
P 0.8:2 0.81 0.81 0.€ 0.81
7 B 4.€ 3.2% 3.52 3.7¢
C . . . . )
D 4.2¢ 5.5¢ . 3.t 4.3t
P 0.87 1.02 . . 0.9¢
8 B 4.47 4.3¢ 4.47 4.47 4.4¢4
C 4.6% 4.€ 4.6¢ 4.6¢ 4.€4
D 4.61 4.4¢ 4.5k 4.61 4.5¢€
P 0.8: 0.€ 0.81 0.8¢ 0.82
9 B 4.17% 4.47 4.5k 4.4 4.3¢
C 4.1¢ 4.57% 4.6¢ 4.5( 4.4¢
D 4.6€ 4.3¢€ 4.3¢€ . 4.4¢€
P 0.8¢ 0.91 0.9t 0.8¢ 0.9¢
10 B 4.31 4.4 4.1 4.01 4.21
C 4.4¢ 4.2 4.47 4.2% 4.3%
D 4.2¢ 4.3 4.4k 4.4¢ 4.3
P 0.7% 0.€ 0.7¢ 0.7% 0.7
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Table 1. Continued

11 B 4.2¢ 4.3€ 4.2¢ 4.27 4.2¢
C 4.3¢ 4.5¢ 4.4] 437 4.47
D 4.27 4.4¢ 437 4.21 4.37
P . . . . .
12 B 4.1¢ 4.2 4.2 4.21 4.2(
C 4.4] 4.4¢ 4.4¢ 4.3¢ 4.47
D 4.3/ 4.3¢ 43¢ 4.3: 4.3/
P 0.82 0.82 0.82 0.81 0.82
13 B 4.4; 417 4.47 4.5. 4.3¢
C 4.5: 4.6( 4.7C 487 4.6€
D 4.5( 4.47 4.8( 4.62 4.5¢
P 0.8E 0.7¢ 0.87 0.82 0.82
14 B 4.4¢ 4.3¢ 4.3F 4.6¢ 4.4¢
C 4.6€ . 4.4F 4.2¢ 4.4¢
D 4.27 4.27 4.2¢ 4.2 4.27
P 0.97 1.01 0.9¢ 1.C3 1.0C
15 B 437 4.7 4.1 4.2¢ 4.7
C 4.4¢ 4.3] 4.1 457 4.3F
D 4.¢ 4.z 414 4.5F 4.3]
P . 0.7¢ 0.7¢ 0.77 0.7¢
16 B 4.15 4.27 4.09 4.26 4.1¢
C 4.4 4.4] 4.25 4.3¢ 4.3¢
D 431 4.3¢ 4.14 4.27 4.27
P . . . . .
16a B 5.58 5.77 5.72 5.71 5.6¢
C 459 4.28 4.4 4.2¢ 43¢
D 4.5¢ 4.62 4.48 4.4¢ 4.5:
P 0.8t 0.88 0.84 0.87 0.8¢
17 B 3.8z 3.87 412 4.0z 3.0F
C 4.07 3.9¢ 4.¢ 4.27 417
D 4.2F 3.97 4.¢ 417 4.1€
P 0.8t 0.87 0.8E 0. 0.87
19 B 4.27 4.4 4.47 4.7 4.47
C 4.4] 4.48 4.5E 4.4t 4.47
D 4.47 4.5E 4.47 4E 4.4¢
P 0.7¢ . 0.77 0.8/ 0.8C
20 B 47 4.¢ 43¢ 4.1¢ 4.2¢
C 421 4.3¢ 4.67 47 4.3€
D 4.21 457 4.47 4.2F 4.3€
P 0.7F 0.82 0.82 0.7¢ 0.7¢
21 B 4.26 421 4.3¢ 4.36 4.3(
C 451 4.14 4.1€ 452 4.37
D 4.56 4.39 4.3¢ 4.46 4.4F
P 0.81 0.77 0.7¢ 0.82 0.7¢

Estimates in bold and Italic are not valid at 1% le¥ehference, but visual inspection of the dose-
response curve was satisfactory.
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Table 2. Functional Activity: potency estimates in lU/ampouldor sample B.

Lab Geometric Mean | % GCV Geometric Mean % GCV
Potency Potency
01 4.20* 6.0 4.34 12.6
02 4.56 3.1 4.62 3.8
03 4.66 2.6 4.70 2.5
04 4.26 3.1 4.23 2.8
05 4.21 4.4 4.26 4.3
06 411 1.7 4.08 2.8
07 3.74* 20.2 3.82 20.3
08 4.44 0.9 4.44 1.6
09 4.39 3.7 4.46 2.6
10 4.21 4.3 4.25 4.2
11 4.29 1.1 4.29 1.2
12 4.20 0.2 4.20 0.2
13 4.12 3.7 4.18 4.7
14 4.48 34 4.47 34
15 4.23 2.3 4.24 2.3
16 4.19 2.1 4.15 35
16a 5.69 14 5.82 1.6
17 3.95 3.8 3.93 3.5
19 4.44 4.4 4.43 3.4
20 4.26 2.1 451 2.8
21 4.30 2.0 4.86 2.3
Geometric Mean 4.32 4.38
95% C.1. (4.16-4.48) (4.21-4.55)
%GCV 8.3 9.0
Excluding lab 16a: 4.26 4.32
(4.16-4.36) (4.2-4.44)
5.0 5.9

!Calculated relative to sample A at NIBSC.

“Calculated from estimates reported by laboratory.

*Calculated from 3 assays only.
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Table 3. Functional Activity: potency estimates in lU/ampole for sample C

Lab Geometric Mean % GCV Geometric Mean | % GCV
Potency Potency

01 4.07* 55 4.06 24

02 4.66 5.9 4.80 5.2
03 4.42 5.0 4.42 51
04 4.49 3.1 4.50 2.6
05 4.38 2.7 4.40 2.5
06 4.38 2.2 4.38 14
07 4.19 8.8

08 4.64 0.7 4.64 1.8
09 4.48 5.1 4.53 34
10 4.35 2.3 4.37 4.8
11 4.43 2.6 4.43 2.6
12 4.44 1.2 4.44 14
13 4.66 2.8 4.41 2.5
14 4.46* 4.4 4.42 4.1

15 4.35 4.6 4.33 4.2
16 4.36 1.7 4.28 24
16a 4.38 3.5 4.35 3.8
17 4.13 3.9 4.09 3.9
19 4.47 1.3 4.44 15
20 4.36 4.8 4.64 1.9
21 4.33 5.0 4.92 3.3

Geometric Mean 4.40 4.43
95% C.1. (4.34-4.46) (4.34-4.52)
%GCV 3.2 4.7

! Calculated relative to sample A at NIBSC.

2 Calculated from estimates reported by laboratory.

*Calculated from 3 assays only.

Page 13



WHO/BS/07.2069

Page 14

Table 4. Functional Activity: potency estimates in lU/ampole for sample D

Lab Geometric Mean % GCV Geometric Mean | % GCV
Potency Potency
01 4.19 4.67 14.5
02 4.73 5.9 4.84 5.7
03 4.54 4.5 4.57 3.3
04 4.53 4.2 4.54 4.1
05 4.22 5.7 4.26 5.2
06 4.30 2.1 4.34 3.7
07 4.35* 25.9 4.02 22.7
08 4.56 14 4.57 24
09 4.46* 3.9 4.48 51
10 4.37 1.9 4.40 4.2
11 4.32 2.8 4.32 2.7
12 4.34 0.6 4.35 0.8
13 4.58 3.6 4.38 14
14 4.24 0.9 4.23 1.0
15 4.31 4.1 4.30 3.9
16 4.27 24 4.16 2.2
16a 4.53 15 4.52 1.7
17 4.16 3.5 4.14 3.7
19 4.48 1.2 4.46 1.8
20 4.36 3.7 4.64 4.3
21 4.45 1.8 4.99 14
Geometric Mean 4.38 4.43
95% C.1. (4.32-4.45) (4.33-4.54)
%GCV 3.3 5.4

! Calculated relative to sample A at NIBSC.

2 Calculated from estimates reported by laboratory.

*Calculated from 3 assays only.
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Table 5. Functional Activity: potency estimates in lU/ampole for sample P

Lab Geometric Mean | % GCV | Geometric Mean| % GCV
Potency Potency

01 0.95* 2.2 0.99 18.0
02 0.87 6.7 0.87 6.1
03 0.79 3.2 0.79 2.9
04 0.77 2.7 0.76 1.7
05 0.83 1.2 0.84 1.1
06 0.81 1.6 0.81 1.9
07 0.94 0.78 18.5
08 0.82 2.3 0.82 2.0
09 0.90 5.3 0.89 4.0
10 0.77 3.2 0.76 3.3
11

12 0.82 1.2 0.82 1.3
13 0.83 4.3 0.78 3.5
14 1.00 2.6 1.00 3.0
15 0.78* 1.3 0.79 1.9
16 0.86 3.5
16a 0.86 2.1 0.78 4.2
17 0.87 2.7 0.73 3.0
19 0.80* 4.8 0.76 3.3
20 0.79 4.3 0.84 5.2
21 0.79 3.0 0.91 14

Geometric Mean 0.84 0.83
95% C.I. (0.81-0.87) (0.79-0.86)
%GCV 8.0 8.9

! Calculated relative to sample A at NIBSC.

2 Calculated from estimates reported by laboratory.

*Calculated from 3 assays only.
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Figure 1. Histogram of results of functional activity assays fosample B:
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Figure 3. Histogram of results of functional activity assays fosample D:
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Table 6. Antigen: potency estimates (IU/ampoule) from ingidual assays.

Geometric
Lab Sample Assay 1 Assay 2 Assay 3 Assay @ Mean
02 B 4.0C 4.0C 4.1(C 4.1(C 4.0t
C 4.0C 4.1(C 4.1(C 4.2( 4.1(C
D 4.0C 3.9 4.0C 4.0C 3.97
P 0.5:2 0.4¢€ 0.5¢€ 0.52 0.52
06 B 3.9¢ 4.0¢ 4.2¢ 4.5¢ 4.21
C 4,92 5.61 5.8t 5.97 5.5¢€
D 5.2( 5.3t 5.6 5.9: 5.52
P 1.07 1.21] 1.2t 1.2¢ 1.1¢
12 B 4.5 4.4¢ 4.4; 4.4¢ 4.47
C 4.3(C 4.2¢ 4.1% 4.31 4.2¢
D 4.31 4.2¢ 4.1% 4.2¢ 4.2k
P 0.7¢ 0.7¢ 0.7¢ 0.7¢ 0.7¢
13 B 4.1k 3.92 4.1% 4.2¢ 412
C 4.2¢ 4.32 4.4; 4.5¢ 4.3¢
D 4.2% 4.1k 4.5] 4.3¢ 4.31
P 0.7¢ 0.7¢ 0.82 0.7 0.7¢
14 B 3.7 4.32 4.2¢ 4.8¢ 4.2¢
C 3.8¢€ 6.0C 4.7C 4.92 4.81
D 4.1 6.3¢ 4.6¢ 4.62 4.8¢
P 0.7¢ 0.8¢ 0.8¢ 0.7% 0.81
14a B 4.7% 4.72 4.9¢ 3.57 4.4¢€
C 3.47 4.7 6.81 3.8¢ 4.5¢€
D 3.5¢ 4.8¢ 4.9¢ 3.37 4.12
P 0.5¢€ 0.8¢ 1.01 0.6¢ 0.7%
16 B 4.1 4.07% 4.07% 4.0¢ 4.07
C 4.0¢ 3.97 3.9¢ 3.9t 4.0C
D 4.1 4.01 3.91 3.92 3.9¢
P . . . . .
18 B 4.71 4.57 4.8¢ 4.5¢ 4.6¢
C 4.3 4.82 4.4( 4.2( 4.4¢4
D 4.02 4.4¢€ 4.07% 4.0€ 4.1k
P 0.6¢ 0.87 0.7¢ 0.7% 0.7¢
19 B 4.3% 4.3 4.47 4.6¢ 4.4%
C 4.4% 4.47 4.5 4.3¢€ 4.4¢4
D 4.4¢ 4.5¢€ 4.4( 4.3¢ 4.4¢€
P 0.7¢ . 0.7¢ 0.7¢ 0.7¢
21 B 4.4¢ 4.57% 4.3¢ 4.47 4.4¢
C 3.9¢ 4.3 4.4k 4.2% 4.2¢
D 4.17% 4.3% 4.3 4.1k 4.2¢
P 0.9( 0.9t 0.94 0.92 0.9¢

Lab 16: sample P was non-parallel in all assays.

Lab 19, assay 2: no results provided for sample P.




Table 7. Antigen: potency estimates (IU/ampoule) for sanhp B

WHO/BS/07.2069

Lab Geometric Mean % GCV | Geometric Mean | % GCV
Potency Potency
02 4.05* 1.4 4.05 1.4
06 4.21 6.9 4.21 6.9
12 4.47 0.8 4.46 1.0
13 4.41 2.5 4.41 3.1
14 4.28 10.8 4.28 10.8
14a 4.46 16.2 4.46 16.2
16 4.07 0.6 4.18 1.0
18 4.68 2.7 4.71 57
19 4.43* 3.4* 4.43 3.4
21 4.48 1.8 4.44 4.5
Geometric Mean 4.35 4.36
95% C.. (4.21-4.49) (4.23-4.49)
%GCV 4.7 4.4

! Calculated relative to sample A at NIBSC.

2 Calculated from estimates reported by laboratory.
* Copied from labs reported results as data unsuitable fafl@dine analysis.
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Table 8. Antigen: potency estimates (IU/ampoule) for sankp C

Lab Geometric Mean % GCV | Geometric Mean | % GCV
Potency Potency
02 4.10* 2.0* 4.10 2.0
06 5.56 8.7 5.56 8.7
12 4.26 15 4.25 1.9
13 4.29 2.5 4.33 3.5
14 4.81 19.8 4.81 19.8
14a 4.56 34.7 4.56 34.7
16 4.00 1.6 4.17 1.7
18 4.44 6.0 4.43 6.0
19 4.44* 1.5* 4.44 15
21 4.26 4.9 4.24 2.0
Geometric Mean 4.45 4.47
95% C.. (4.16-4.76) (4.20-4.77)
%GCV 9.9 9.4

! Calculated relative to sample A at NIBSC.

2 Calculated from estimates reported by laboratory.
* Copied from labs reported results as data unsuitable fafl@dine analysis.




Table 9. Antigen: potency estimates (IU/ampoule) for sankp D

WHO/BS/07.2069

Lab Geometric Mean % GCV | Geometric Mean | % GCV
Potency Potency
02 3.97* 1.3* 3.97 1.3
06 5.52 6.0 5.52 6.0
12 4.25 1.4 4.24 15
13 4.17 2.5 4.21 1.1
14 4.89 20.6 4.89 20.6
14a 4.12 22.7 4,12 22.7
16 3.98 2.2 4.04 4.2
18 4.15 4.9 4.23 7.7
19 4.46* 1.8* 4.46 1.8
21 4.24 2.2 4.23 3.5
Geometric Mean 4.35 4.37
95% C.I. (4.05-4.69) (4.07-4.70)
%GCV 10.8 10.6

! Calculated relative to sample A at NIBSC.

2 Calculated from estimates reported by laboratory.
* Copied from labs reported results as data unsuitable fafi@dine analysis.
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Table 10. Antigen: potency estimates (IU/ampoule) for samplP.

Lab Geometric Mean % GCV | Geometric Mean | % GCV
Potency Potency
02
06 1.19 7.9 1.19 7.9
12 0.78 1.8 0.78 2.5
13 0.78 2.9 0.77 4.0
14 0.81 8.6 0.81 8.6
14a 0.75 31.8 0.75 31.8
16 . . 0.54 1.8
18 0.76 10.8 0.78 14.3
19 0.76* 3.3* 0.76 3.3
21 0.93 2.4 0.91 2.1
Geometric Mean 0.84 0.84
95% C... (0.73-0.95) (0.73-0.95)
%GCV 17.2 17.0
Excluding lab 06: 0.79 0.79
(0.75-0.84) (0.74-0.85)
6.8 7.5

! Calculated relative to sample A at NIBSC.
2 Calculated from estimates reported by laboratory.
* Copied from labs reported results as data unsuitable fafl@dine analysis.

Lab 2 suggested that due to the nature of sample P it wagabie for their procedure and that the
results were invalid.
Lab 16 is not included in the geometric mean of reportealtsefor comparability.
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Figure 5. Histogram of results of antigen assays for sample B:
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Figure 6. Histogram of results of antigen assays for sample C:
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Figure 7. Histogram of results of antigen assays for sample D:
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Figure 8. Histogram of results of antigen assays for sample P:
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Table 11. Summary of potency estimates relative to Sample A,da2nd IS for Antithrombin,

Concentrate

Sample Function Antigen

Potency IU/amp 4.26 4.35

B
GCV % 5.0 4.7
Potency IU/amp 4.40 4.45

C
GCV % 3.2 9.9
Potency IU/amp 4.38 4.35

D
GCV % 3.3 10.8
Potency IU/amp 0.84 0.79

P
GCV % 8.0 6.8

Table 12. Summary of some physical characteristics of sampl&, C and D

Sample Code NO:J;E gl?a ules Miﬁsst{?rlﬁ!/o vacr:i%agjiig;] tthe
B 06/160 8000 0.18 0.11
C 06/166 9400 0.13 0.21
D 06/168 5500 0.11 0.16
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Appendix 1 List of participants

Dr Andrea Lichte, Dade Behring Marburg GmbH, Marburg, GERMAN

Dr Catherine Michalski, Laboratoire Frangais du Fract@ment et des Biotechnologies, FRANCE
Dr Celia Monnier, Diagnostica Stago, Franconville, FRANC

Dr David Gambelli, Kedrion S.p.A., Gallicano, ITALY

Dr Denise Foulon, Affinity Biologicals Inc. Ancast&2 ANADA

Dr Eva Sandberg, Danish Medicines Agency, Copenhagen, DENMAR

Dr Guy Rautmann, European Directorate for the Quality edligines, Strasbourg, FRANCE
Dr Holger Blessing, ZLB Behring GmbH, Marburg, GERMANY

J M Rentenaar, Sanquin Blood Supply Foundation, AmsterdaeNETHERLANDS
Mr John Hogwood, NIBSC, South Mimms, UNITED KINGDOM

Mr Jerry Grandoni, GTC Biotherapeutics, Framingham, USA

Dr Koen van der Drift, Talecris Biotherapeutics, RgiteiUSA

Dr Lu Liu ,Therapeutic Goods Administration, Canberra SARALIA

Ms Mandy Blande, Bio Products Laboratory, Elstree, UNDTKINGDOM

Dr Manuela Leitner, AGES PharmaMed, Vienna, AUSTRIA

Dr Peter Gartner, Baxter, Wien AUSTRIA

Dr Raffaella Sardelli, Istituto Superiore di Sanita, RpHi&LY

Dr Rolf Hovik, Norwegian Medicines Agency, Oslo, NORWAY

Dr Silva Bergqvist, Octapharma, Stockholm, SWEDEN

Dr Steve Kitchen and Mr Peter Cooper, Royal Hallamdhospital, Sheffield, UNITED
KINGDOM

Dr Susanne Breitner-Ruddock, Paul-Ehrlich-Institute, Lang&RIGANY
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Appendix 2 Methods used by the participants
Function —
Lab Heparin co-factor chromogenic Antigen Measurement
Thrombin inhibition FXa Inhibition
1 v NT
2 v Nephelometry
3 v NT
4 v NT
5 v NT
6 v Laurells
7 v NT
8 v NT
9 v NT
10 v NT
11 v NT
12 v Nephelometry
13 v Elisa
14 v 14 Laurells, and 14a Elisa
15 v NT
16 v 16a v Nephelometry
17 v NT
18 Elisa
19 v Nephelometry
20 v NT
21 v Immunoturbidimetric

NT = not tested
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Appendix 3: Proposed Instruction For Use and Material Safet Data

The 3rd International Standard for Antithrombin, Concentrate, Human
06/166 (established 2007)
Instructions for Use (Version 1 July 2007)

1. INTRODUCTION

The 3rd International Standard for Antithrombin, Caric&te, Human, consists of ampoules, coded
06/166, containing aliquots of a freeze-dried concentraiggped from human plasma. This
preparation was established as the 3rd International Staflakntithrombin, Concentrate, Human,
by the Expert Committee on Biological Standardisation offtoeld Health Organisation in 2007.

The ECBS report is available from the WH@ww.who.int/biologicaly. Document number:
WHO/BS/07.........

2. UNITAGE

The standard was value assigned in an internatiotiaborative study involving 21 laboratories from
12 countries against the 2nd International Standardrittbhombin, Concentrate, Human, 96/520.
All the functional assays performed were based on the ihepmfactor chromogenic method (17 labs
used thrombin inhibition, 4 labs used factor Xa inhibitiofihe antigenic assays were carried out by
nephelometry (4 labs), Laurells (2 labs), 3 ELISA (3 labs)ismalunoturbidimetry (1 lab). The
assigned potencies are as follows:

Functional : 4.4 IU/ampoule
Antigenic: 4.5 IlU/ampoule

Uncertainty: the assigned unitage does not carry an uncertaintgiagsbwith its calibration. The
uncertainty may therefore be considered to be thanagiof the ampoule content and was determined
to be +/- 0.21 %.

3. CONTENTS

Thirty-four vials (1500 IU/vial) of plasma derived human #mombin concentrate were each
reconstituted with 30 ml of sterile distilled waterollBwing the dilution of the pooled material with
approximately 9 litres of 0.05M Tris, 0.15M NacCl, pH 7.4 eamhg 2 mg/ml trehalose and 10
mg/ml human albumin. the solution was distributed at #t€ 10,000 ampoules, coded 06/166. The
mean weight of liquid content of 196 check weight ampowlas 1.0055¢g, with limits of 1.0000 -
1.0095 g (coefficient of variation 0.21%). The contents of thpaaules were then freeze-dried under
the conditions normally used for international biologicahgtads.

4. CAUTION

THIS PREPARATION IS NOT FOR ADMINISTRATION TO HUMAN S

The preparation contains material of human origin, whah lieen tested and found negative for
HBsAg, HIV antibody, HCV antibody and HCV RNA by PCR.
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As with all materials of biological origin, this prepaceti should be regarded as potentially
hazardous to health. It should be used and discardeddaxgrdo your own laboratory's safety
procedures. Such safety procedures probably will includevéaging of protective gloves and
avoiding the generation of aerosols. Care should be erdrai opening ampoules or vials, to
avoid cuts.

. DIRECTIONS FOR OPENING THE DIN AMPOULE

DIN ampoules have an ‘easy-open’ coloured stress polremhe narrow ampoule stem joins
the wider ampoule body.

Tap the ampoule gently to collect the material at theobotflabelled) end. Ensure that the
disposable ampoule safety breaker provided is pushed down otetheofthe ampoule and
against the shoulder of the ampoule body. Hold the body of thewenin one hand and the
disposable ampoule breaker covering the ampoule stem betweetuimb and first finger of the
other hand. Apply a bending force to open the ampoule at tbaredl stress point, primarily
using the hand holding the plastic collar.

Care should be taken to avoid cuts and projectile glassénatg that might enter the eyes, for
example, by the use of suitable gloves and an eye shield.Cba& that no material is lost from
the ampoule and no glass falls into the ampoule. Withianhgoule is dry nitrogen gas at slightly
less than atmospheric pressure. A new disposable ampoalkebiis provided with each DIN
ampoule.

. USE OF AMPOULED MATERIAL
Unopened ampoules should be stored in the dark at or b&0YC.

Allow ampoules to warm to room temperature. Open ampoule, taking care to
ensure that all material is in the lower part, and reconstitute with 1.0 ml distilled
water. Stand for 10 minutes at room temperature to allow complete disssolution of
the material before use. The reconstituted Standard should be used as soon as
possible.

. STABILITY

It is the policy of WHO not to assign an expiry daten@irtinternational reference materials. They
remain valid with the assigned potency and status untidwatvn or amended.

Reference materials are held at NIBSC within assussdpérature-controlled storage facilities
and should be stored on receipt as indicated on the @heé reconstituted, diluted or aliquoted,
users should determine the stability of the material aqogridi their own method of preparation,
storage and use.

NIBSC follows the policy of WHO with respect to its refece materials. A preliminary

accelerated degradation study, involving the potency estimaf ampoules stored at elevated
temperatures (4, 20, 37, 46) relative to ampoules stored at -1%D was carried out in one

laboratory (NIBSC), using the heparin co-factor chromogeéhiombin based assay. The
observed relative loss of potency was analysed using ttherfius equation in order to provide a
prediction of loss per year for ampoules stored at vatemperatures. Estimates of % predicted
loss of activity per year based on activities asskas@& different time points over a period of 9
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8.

9.

10.

months storage showed that there was no predicted lossivifyafor samples stored at -2D,

the storage temperature of the proposed IS, thus indictt&nigthe preparation is exceedingly
stable and suitable for long term use as an Internatidaatl&d. The accelerated degradation
study and real time monitoring will continue for thetime of the standard.

Users who have data supporting any deterioration in the atkestics of any reference
preparation are encouraged to contact NIBSC.

CITATION

In any circumstance where the recipient publishes a refeterNIBSC materials, it is important
that the title of the preparation and any NIBSC code nunaimel the name and address of NIBSC
are cited correctly.

LIABILITY AND LOSS

Information provided by the Institute is given after the eiserof all reasonable care and skill in
its compilation, preparation and issue, but it is provided withabtility to the Recipient in its
application and use.

It is the responsibility of the Recipient to determine &ppropriateness of the materials supplied
by the Institute to the Recipient (“the Goods”) for thepmsed application and ensure that it has
the necessary technical skills to determine that theyappeopriate. Results obtained from the
Goods are likely to be dependent on conditions of use by thei®#cand the variability of
materials beyond the control of the Institute.

All warranties are excluded to the fullest extent paedity law, including without limitation
that the Goods are free from infectious agents or tiesupply of Goods will not infringe any
rights of any third party.

The Institute shall not be liable to the Recipient fay aconomic loss whether direct or indirect,
which arise in connection with this agreement.

The total liability of the Institute in connection with shgreement, whether for negligence or
breach of agreement or otherwise, shall in no evergezk&20% of any price paid or payable by
the Recipient for the supply of the Goods.

If any of the Goods supplied by the Institute should prove natdet their specification when
stored and used correctly (and provided that the Recip@nteturned the Goods to the Institute
together with written natification of such alleged defecthimitseven days of the time when the
Recipient discovers or ought to have discovered the giethet Institute shall either replace the
Goods or, at its sole option, refund the handling chargéged that performance of either one of
the above options shall constitute an entire discharge ofngtéute’s liability under this
Condition.

References

1. Campbell PJ. Procedures used for the production of biologieadards and reference
preparations. J Biol Standardisation. 1974, 2, 259-267.

For further information, please contact:
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11.MATERIAL SAFETY SHEET
The 3¢ International Standard for Antithrombin, Concentrate, Human 06/166
Version 1, 17 July 2007

Is the material infectious or toxic (delete as neag$28a NO

If yes, which containment level?

If no,

Does the formulation contain material of human iofig YES
Does the formulation contain material of animal m®y NO
Does the formulation contain azide? NO

Chemical properties:

Stable v Corrosive:
Hygroscopic v Oxidising:
Flammable Irritant:

Other (specify) contains material of human origin

Handling: see safety compendium for handling materibohan origin

Toxicological properties:

Effects of inhalation: No adverse effects have beparted for this material

Effects of ingestion: No adverse effects have beported for this material

Effects of skin absorption:  No adverse effects haenlveported for this material

Suggested First Aid:

Inhalation: Seek medical advice

Ingestion: Seek medical advice
Contact with eyes:  Wash with copious amounigaiér.Seek medical advice
Contact with skin: Wash with copious amounts of waeek medical advice

Action on Spillage and Method of Disposal:

Spillage of material should be taken up with absorbememadwetted with a virucidal agent. Rins
area with a virucidal agent followed by water.
Absorbent materials used to treat spillage should besttedt biologically hazardous waste.

Complied by E Gray, Haemostasis Section, Biotherapeutic

Signature : Date:




