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SUMMARY

Thirty laboratones participated in a collaborative study to calibrate replacements for the
Ist International Standard for Low Molecular Weight Heparin and the European Pharmacopoeia
Low-molecular-mass hepann for assay Biological Reterence Preparation. Two freeze-dried

materials and one liquid preparation were included in the study. All three samples gave excetlent
g
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intra- and inter-laboratory variations (majority of mean % geometric coefficient of vanation < 10
%) when assayed against the 1st International Standard by both anti-Xa and anti-{lIa assays.
There were no major differences found between potency estimates using all methods and that
obtained using European Pharmacopoeta method only. Overall, this study showed that the
differences between the candidates are marginal. Based on a slightly lower inter-laboratory
variation for the anti-Xa assays for sample B, we recommend that Sample B, 01/608 be
considered as the 2nd International Standard for Low molecular Weight Heparin. Sample A,
01/592 and sample C, the liquid preparation, are to be considered as replacements for the
European Pharmacopoeia ‘Low-molecular-mass heparin for assay’ Biological Reference
Preparation.-

INTRODUCTION

The Ist International Standard (IS') for Low Molecular Weight Heparin was established
by the World Health Organisation (WHO) in 1987 (1). Since then, 1t has been used successfully
for calibration of clinical preparations of Jow molecular weight heparin. It was calibrated against
the 4th IS for Unfractionated Heparin and was assigned with potencies in anti-Xa and thrombin
inhibitory (anti-lla) units. Due to the depletion of the stocks of the 1st IS for Low Molecular
Weight Heparin, 85/600, a replacement is required. As the number of clinical products has
increased since the last calibration, a pilot study was carried out in 2001 to investigate the
comparability of the current products and to select a couple of suitable candidates for the
calibration study to replace the 1st IS.

The 4th [S for Unfractionated Heparin and low molecular weight heparin and eight
clinical low molecular weight heparins were included in the pilot study. A detailed report of this
pilot study was presented to the ECBS in November 2001 and is available from NIBSC (2).
Briefly, the data indicated that due to non-parallelism and poor inter-laboratory agreement,
unfractionated heparin should not be considered as a standard for anti-Xa and anti-Ila assays of
low molecular weight heparins. All the low molecular weight heparins compared reasonably well
against each other, and the two products (referred to as samples E and H in the study) that gave
the lowest inter-laboratory vanability were recommended and accepted by the participants of the
study and the Expert Committee on Biological Standardization (ECBS) of the WHO to go
forward as candidates for the replacement of the current IS.

As the European Directorate for the Quality of Medicine (EDQM) also required a
replacement of their current European Pharmacopoeia (Ph. Eur.), Low-molecular-mass hepann
for assay Biological Reference Preparation (BRP), it was agreed that it would be beneficial to
carry out 2 joint WHO/EDQM study to assign potencies to both the replacement international
and European standards.

' Abbreviations: IS . Intemational Standard : BRP : Biological Reference Preparation: CL: Confidence limits ; ECBS:
Expert Committee on Biological Standardization: EOQM : European Directorate for the Quality of Medicines ; Ph. Eur. :
European Pharmacaopoeia; gev : Geometne coefficrent of variation; NIBSC : National Institute for Biclogical Standards and
Control, PEG Polytehylens giycol ; WHO World Health Organization: SSC. Sclenlific and Standardization Committee:
ISTH: Intematonal Sociaty on Tirrombosis and Haemostasis
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AIMS OF STUDY

The aim of the study was to calibrate 2 freeze-dned candidate low molecular weight
heparn samples against the st [S for Low Molecular Weight Heparin, 85/600, with a view to
establish one of the candidates as the 2nd IS for low molecular weight heparin and the other as
Ph. Eur. Low-molecular-mass heparin for assay BRP. In addition, the potencies of a liquid
preparation, intended to be a second Ph. Eur. BRP replacement batch were also to be determined.

SAMPLES
Coded samples in the study were:

S - the 1st IS for Low Molecular Weight Heparin (85/600).
Potency : anti-Xa 1680 [U/ampoule; anti-1la : 665 [U/ampoule.

A - afreeze-dried porcine low molecular weight heparin (01/592).
Potency range : anti-Xa 800 - 1200 U/ampoule; anti-1la 300 - 340 1U/ampoule.

B -  afreeze-dried porcine low molecular weight hepann (01/608).
Potency range : anti-Xa 800 — 1200 IU/ampoule, anti-fla 300 — 340 [U/ampoule.

C-  aliquid preparation of porcine low molecular weight heparin (02/10-26)
Potency range : anti-Xa 100 - 140 [U/mL, anti-[la 20 - 60 [U/mL.

Four sets of each S, A. B and C were provided. Each participant was asked to use the
above figures as a guide and adjust the initial dilutions of each hepann so that the responses for
the dilutions in the assays were in a similar range.

PARTICIPANTS

Thirty-five laboratories accepted the invitation to participate and 30 laboratories returned
data for analysis. Each of the participants is referred to in this report by an arbitrarily assigned
number, not necessarily representing the order of listing in appendix A.

ASSAY METHODS |

Each laboratory was asked to perform their routine anti-Xa and anti-[[a chromogenic
assays. Laboratories using commercial kits were advised to be aware that some kits do not
provide antithrombin and rely on patient plasma as the source of antithrombin. For these
laboratorics. pooled normal plasma was to be used as the source of antithrombin. The details of
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the assay methods used by the participants are listed in Table la (anti-Xa assays) and 1b (anti-Ila
assays).

For the anti-Xa assays, 30 laboratories returned results. Lab 1 returned 2 sets of data,
using different methods and these were treated as 2 separate sets of results and are referred to as
Labllaand 11b. Sixteen laboratories used methods based on the Ph. Eur. monograph for low
molecular weight heparins (3). The majority of modifications were the adjustment of reaction
volume to allow the tests to be carried out on microtitre plates or automated instruments, while
some laboratories have added Polyethylene glycol (PEG) and/or human albumin to their buffers.
Five laboratories used in-house methods, while 10 laboratories used commercial kits (4
manufacturers, 5 different kits). Five laboratories used human plasma as source of antithrombin,
while the rest of the participants used purified human antithrombin in their assays. Only one
laboratory used human Factor Xa, the other laboratories used Factor Xa of bovine origin.

For the anti-Ila assays, 23 laboratories returned data. Six laboratories used in-house
methods. Seventeen laboratories used modified Ph. Eur. methods, the modification being the
addition of PEG, human serum albumin or aprotinin in the buffer and the adjustment of reaction
volume for the tests to be carried out on microtitre plates or automated analysers. Two
laboratories used human plasma as source of antithrombin, while the rest of the laboratories used
purified human antithrombin. Six laboratories used bovine thrombin and 17 laboratories used

human thrombin.

STUDY DESIGN

Participants were requested to perform four independent assays for each method, an
independent assay being defined as one with a completely fresh set of ampoules and dilutions.
To allow for day-to-day variation, the participants were asked to carry out the four assays, for
each method, on four separate days. '

Participants were asked to assay concurrently a series of at least three, preferably four
dilutions of each of the 4 coded samples. The assay order of the materials (including replicates)
was to be vaned to give a balanced order overall. Some examples of different assay order
schemes were given in the protocol for participants to choose from.

Raw assay data were to be returned together with a summary of their estimates for the potency of
materials A, B and C using S, the Ist IS for Low Molecular Weight Heparin, as the standard.
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RESULTS
Assay data returned

Thirty laboratones performed anti-Xa assays (180 assays in total). Twenty three
laboratories additionally performed anti-1ia assays (140 assays in total).

The majority of participants were able to use scheme | ("8 place assay” as descnbed in
the protocol) and this accounted for 22 laboratories (anti-Xa assays) and 17 taboratories (anti-1la
assays). Almost all the remaining participants used scheme 2 (4 place assay’ as described in the
protocol).

Some further points to note on the results are:
e No anti-lla assay results were returned for ampoule set | in laboratory 2.

e Laboratory 11 performed two sets ot anti-Xa assays — “ACL” and “Microtitre Plate™.
These have been assigned laboratory codes 11a and 11b respectively.

o In laboratory 24, samples ‘A’ and ‘B” trom ampoule set 1 were damaged during handling
and so no results are given here.

¢ Laboratory 26 found that sample S’ in ampoule set 4 was empty. This resulted in no
sample *S” being included in the ampoule set 4 assays, so no results are given here.

Statistical analysis

Based on the raw data reported, an independent, central statistical analysis was performed
at NIBSC along the lines described hereafter.

Each run was treated as a separate assay. All assays were analysed using the principles of
multiple parallel line bioassay (4) comparng transformed assay response to log concentration.
Here. an analysis of variance gives an assessment of the lincanty and parallelism of the response
lines. All results were also plotted and the validity of the assays was assessed both visually and
by analysis of variance, with tests for deviations from linearity and parallelism being performed
at the | % level of significance. Responses at the extremes of the response range that showed no
change with further increase or decrease of dose were omitted.

For the majority ot assays, the untranstormed assay responses were found to give the best
linearity with log concentration. [n tour laboratories, a log transformation ot the responses was
found to be more appropnate. In one laboratory, responses were transformed to percentages
relative to the estimated upper and lower limits of the dose-response curve and weighted
regression of logit response on log concentration was used.
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All mean potencies given in this report are unweighted geometric mean potencies.
Corresponding 95 % confidence limits (CL) were also calculated. Variability between assays and
laboratories has been expressed using geometric coefficients of vanation (% gev) (5).

Assay validity

It was possible to assess linearity and parallelism in almost all laboratories. An exception
was laboratory 32, where a single dilution only was used for the test samples.

The majority of assays passed all validity cnteria. Deviations from linearity were detected
in 10 % of anti-Xa assays and 4 % of anti-1[a assays. Deviations from parallelism were detected
in 2 % of anti-Xa assays and 4 % of anti-[la assays. In most cases, these deviations were
probably due to inadequate replication in the assay design. One assay by laboratory 23 (sample
‘C’, ampoule set 1) was excluded due to non-linearity of the standard. Following visual

assessment, all other assays were included.

Potency estimates

Potency of candidate standards using the 1st IS for Low Molecular Weight Heparin, as
standard

The potency estimates by the participants (data not shown) were mostly in agreement
with the estimates calculated by NIBSC, with the exception of the following laboratories: Lab 5:

anti-Xa potency estimates for B and C by assay 3; Lab 11 no agreement for all potency
estimates and Lab 16: anti-Xa potencies for A and B. The causes for these discrepancies are not
clear.

The calculated potency estimates relative to sample ‘S’, the 1st IS, for the anti-Xa assays
are shown in tables 2 - 4 and figures 1 - 3 show the potencies expressed as % of the mean. Anti-
[1a assay results are given in tables 5 - 7 and figures 4 — 6 show the potencies expressed as % of
the mean. The overall mean potency estimates by all methods were 1273 anti-Xa IU/ampoule
and 306 anti-Ila I[U/ampoule, 1097 anti-Xa [U/ampoule and 326 anti-1la [U/ampoule and 113
anti-Xa [U/mL and 33 anti-1la IU/mL for samples A, B and C respectively (Table 11a). The
overall mean potency estimates by Ph. Eur. Methods only were 1271 anti-Xa IU/ampoule and
306 anti-11a [U/ampoule, 1096 anti-Xa IU/ampoule and 330 anti-Ila [U/ampoule and 112 anti-Xa
[U/mL and 33 anti-Ila IU/mL for samples A, B and C respectively (Table 11b).

In general, between-assay variability was low, with gcv’s being <10 % in most cases. As
shown in Tables 10a and 10b, the inter-laboratory or between-laboratory variability, including all
methods or Ph. Eur. method only, was of similar magnitude, with gev's ranging from 5 % to 8
%.

The Shapiro-Wilk test (6) for normality was applied to the log potencies in each case. All
showed no deviations from the normal distribution, apart from the anti-la results for sample ‘A’
In this case, satisfactory normality was achieved by excluding the results from laboratory 13, so
the mean potency has also been calculated excluding this laboratory.

e e T i S el B e ey i -
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In figures 1-3, laboratories have been shaded according to the kit used in their anti-Xa
assays. The ‘Stachrom’ kit gives significantly lower results for samples ‘A’ and ‘B’ when
compared to all other kits (p<0.001 and p=0.004 respectively in unpaired t-test on log potencies).

The potency estimates and the anti-Xa to anti-JIa ratios for all 3 samples obtained taking
results from all methods were similar to the potencies taking from assays using Ph. Eur.
Methods only, with no statistically significant differences found between these estimates (Tables

11a and [ 1b).

Potency of Sample B using Sample A as the putative standard

The potency estimates of sample B relative to sample A, assuming the assigned potencies
for ‘A’ are 1273 [U/ampoule and 306 [U/ampoule for anti-Xa and anti-Ila activities respectively
(Table 11a), are shown in Tables 8a and 9a. The overall mean potency estimates by all methods
were 1090 anti-Xa [U/ampoule and 325 anti-1la [U/ampoule. Similar overall potency estimates
were obtained using Ph. Eur. methods alone: 1090 anti-Xa IU/ampoule and 331 anti-
[la/ampoule. Note that laboratories where ‘B’ was not included in the same assay as ‘A’ have
been excluded. These potency estimates are non-significantly 0.6 % and 0.3 % lower, for anti-Xa
and anti-1la activities respectively, than those estimated by calibration against the IS. Inter- and
intra-laboratory variability were also similar to those obtained using the IS as the standard.

Potency of Sample A using .S'Ezm,‘vle B as the putative standard

The potency estimates of sample A relative to sample B, assuming the assigned potencies
for ‘B’ is 1097 IU/ampoule and 326 [U/ampoule for anti-Xa and anti-1la activities respectively
(Table 11a), are shown in Tables 8b and 9b. The overall mean potency estimates by all methods
were 1281 anti-Xa [U/ampoule and 307 anti-Ila IU/ampoule. Similar overall potency estimates
were obtained using Ph. Eur. methods alone: 1281 anti-Xa [U/ampoule and 301 anti-
Ila/ampoule. Note that laboratories where ‘A’ was not included in the same assay as ‘B’ have
been excluded. These potency estimates are non-significantly 0.6 % and 0.3 % higher, for anti-
Xa and anti-1]a activities respectively, than those estimated by calibration against the IS. Inter-
and intra-laboratory variability were also similar to those obtained using the IS as the standard.

Potency of Sample C using Sumple A or B as putative standards

The potency estimates for sample ‘C’ have also been calculated relative to samples ‘A’
and ‘B’. These are shown in tables 8c and 9c. Note that laboratories where ‘C’ was not included
in the same assay as ‘A’ or ‘B’ have been excluded. Results have been converted to [U/mL using
the mean potencies already calculated 1273 and 1097 anti-Xa IU/ampoule, 306 and 326 anti-1la
IU/ampoule for ‘A’ and ‘B’ respectively. The overall mean potency estimates by all methods
relative to A were 113 anti-Xa IU/ampoule and 33 anti-Ila [U/ampoule; and relative to B were
112 anti-Xa IU/ampoule and 33 anti-1la [U/ampoule. The overall potency estimates obtained
using Ph. Eur. Methods alone relative to A were 114 anti-Xa [U/ampoule and 33 anti-
[la/ampoule and relative B were 113 anti-Xa [U/ampoule and 33 anti-Ifa [U/ampoule. The results
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agree with those calculated using the current [S. The magnitude of between-assay and between-
laboratory variability is also the same.

DEGRADATION STUDY

Preliminary accelerated degradation study, monitored using anti-Xa assay, by NIBSC of
both candidates A and B showed no sign of change after 12 months storage as assessed by fitting
to the Arrhentus equation. Ampoules for sample A stored at +20, +37 and +45°C were found to
have 92.0, 95.7 and 94.8 % activity respectively when compared to the —70°C ampoules. Similar
activities were found with sample B: 96.5, 92.4 and 92.8 % activity was obtained for the +20,
+37 and +45°C ampoules when assayed against the —70°C material. Continual real time
degradation study of the ~20°C against ampoules stored at -70°C and further accelerated
degradation study at elevated temperature will be carried out to monitor the stability of the

replacement standard.

DISCUSSION

The aim of this collaborative study was to calibrate 2 freeze-dried candidate low
molecular weight heparin samples against the Ist IS for Low Molecular Weight Heparin, with 2
view to establish one of the candidates as the 2nd IS for Low molecular weight heparin and the
other as Ph. Eur. Low-molecular-mass heparin for assay BRP. In addition, the potencies of a
liquid preparation, intended to be a second Ph. Eur. BRP replacement batch were also to be
determined.

Similar to results found in the pilot study, there was good parallelism between the
candidates and the |st IS, thus giving good comparison and valid potency estimates for all 3

samples.

Intra-laboratory (between assay) varniations for all the samples assayed by both anti-Xa and
anti-1la assays were good, with the majority of the % gcvs well under 10 % (Tables 2 - 7). This
indicates that the majority of the participants were able to perform their choice of assays with
precision. For the anti-Xa assay, there was a tendency for some of the laboratories using commercial
kits to have higher % gcvs (Tables 2 - 4). However, there was no correlation of high between assay
% gecv with the use of any particular kit, suggesting that the higher variability was not due to the
poor performance of the kits. There was also no other obvious correlation between performance and
parameters such as methods, reagents or instrumentation.

The inter-laboratory variations were excellent (Tables 10a and 10b) and were similar
when taking into account of all methods or the Ph. Eur. methods alone. Percent gcv were found
to range from 5 — 8 %. For the anti-Xa assays, including all methods, the % gcv for sample B
when assayed against the [S is slightly lower than that obtained with sample A, 5.2 % as opposed
to 8.2 %. There were no differences in the % gcv obtained with the anti-fla assays.

In terms of potency estimates, there was close agreement between those obtained by all
methods and the Ph. Eur. methods alone for all 3 samples (Tables | 1a-c, Fig 1-6). Although one
of the commercial kits did give significantly lower anti-Xa potencies for samples A and B than

-
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other methods (Fig | and 2), overall these results indicate that the in-house methods and the
commercial kits gave comparable results and performed similarly to the pharmacopoeial methods.

In terms of potency estimates, there was also close agreement between those obtained By '
using either the [st IS or preparation B for samples A and C, the candidate Ph. Eur. BRPs
(Tables 11a-c, Fig 7-10).

CONCLUSIONS AND RECOMMENDATIONS

Both freeze dried candidate materials, samples A and B, gave low intra- and inter-
laboratory variability. Based on the slightly lower inter-laboratory variability for the anti-Xa
assays, sample B is to be recommended as the replacement IS with assigned potencies using
results by all methods.

In line with the pharmacopoeial policy, samples A and C, the proposed Ph. Eur. BRPs are
recommended to be assigned with potencies by Ph. Eur. methods. Taking into account that the
Ist IS should be replaced in the near future by preparation B and that the calculated potency
estimates relative to sample B and to sample S (1st IS) do not differ significantly for A and C, it
is proposed to assign potencies for the replacement BRP batches relative to sample B.

Therefore it will be recommended:
i) to the ECBS to establigh Preparation B (NIBSC code 01/608) as the 2nd IS for Low
Molecular Weight Heparin with following unitages:
- anti-Xa potency: 1097 [U/ampoule
- anti-1Ia potency: 326 IU/ampoule

and, provided that Preparation B becomes the 2nd IS for Low Molecular Weight Heparin,

1) to the Ph. Eur. Commisston to adopt:

Preparation C (liquid, 02/10-26) and Preparation A (Freeze-dried preparation, 01/592) as
Low-molecular-mass heparin for assay BRP replacement batches with following unitages:

Preparation C

- anti-Xa potency: 113 IU/mL
- anti-1la potency: 33 IU/mL

Preparation A

- anti-Xa potency: 1281 IU/ ampoule
- anti-Ifa potency: 301 IU/ampoule
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COMMENTS FROM THE PARTICIPANTS AND THE MEMBERS OF THE
SCIENTIFIC AND STANDARDIZATION COMMITTEE (SSC) OF THE
INTERNATIONAL SOCIETY ON THROMBOSIS AND HAEMOSTASIS (ISTH)

Twenty-three out of the 30 participants agreed with the proposal that preparation B
should be recommended to be the replacement intemational standard. The other 7 participants
have not sent any comments or responses. The members of the ISTH/SSC Subcommittee on
Control of Anticoagulation have also approved the recommendation. There was only a minor
comment from one member of the Subcommittee and it was related to the title of the report. The
recommendation has also been subsequently approved at the business meeting of the SSC on 16

July 2003.

PRODUCT SUMMARY FOR THE PROPOSED 2ND INTERNATIONAL STANDARD
FOR LOW MOLECULAR WEIGHT HEPARIN, 01/608

Proposed 2nd International Standard for
Low Molecular Weight Heparin

Code : 01/608

Presentation Sealed glass din ampoules

Number of ampoules available 1 5000
Excipient water
Coefficient of variation of the fill 1 0.06%

Residual moisture after lyophilisation and secondary | 0.28%
desiccation

Mean dry weight 0.0 mg/ampoule
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FIGURES LEGEND

Figures | - 3. Potency estimates of the 3 candidates, samples A to C, respectively, relative
to sample S, the 1st IS for Low Molecular Weight Heparin. 85/600 by anti-Xa assays.

The number in the square denotes the laboratory code. Each square represents the
geometric mean estimate from the laboratory expressed as a percentage of the overall mean. The

shading represents the ditferent methods.

Figures 4 - 6. Potency estimates of the 3 candidates, samples A to C, respectively,
relative to sample S, the Ist IS for Low Molecular Weight Heparin, 85/600 by anti-Ila assays.

The number in the square denotes the laboratory code. Each square represents the
geometric mean estimate from the laboratory expressed as a percentage ot the overall mean. The
shading represents the different methods.

Figures 7 - 8. Potency estimates of the 2 candidate BRPs, samples A and C, respectively,
rclative to sample B, the candidate 2nd [S for Low Molecular Weight Heparin, 01/608, by anti-

Xa assays.

The number in the square denotes the laboratory code. Each square represents the
geometric mean estimate from the laboratory expressed as a percentage of the overall mean. The
shading represents the different methods.

Figures 9 - 10. Potency estimates of the 2 candidate BRPs, samples A and C,
respectively, relative to sample B, the candidate 2nd IS for Low Molecular Weight Heparin,

01/608, by anti-1]a assays.

The number in the square denotes the laboratory code. Each square represents the
geometric mean estimate from the laboratory expressed as a percentage of the overall mean. The
shading represents the different methods.
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Lab _ IM_ethod iEXa_Aptit_ﬂr_omﬂin Measurement Instrument

(. TPh. Eur. B HPUR E ACL7000 ) ]
27 ) ;in-house :B_ ] HPUR K STACompact __'
3 Ph. Eur. * B HPUR E f’l_ Reader ]
4 Ph. Eur. * B _HPWR K - ACL300R -
5 Ph. Eur.* B HPUR K Cobas Mira X
6 IL-TestHeparin B HPUR K ACL300+ ]
7 PnEu’ B HPUR  E PlReader

8 Ph. Eur. * B HPUR Kk Pl Reader

10 _in-house B HPUR K  PlIReader -

11a !in-h_g_gse B HPLA K 7!ACL3OO+

11b Spectrozyme fXa B H PUR E_ _TPI Reader

ij_2 Einﬁqy_sg EB ~HPUR B [Pl Reader

13 Ph. Eur.* B HPUR E Pl Reader

‘_175737 Coatest Heparin B H PUR E Pl Reader

16 Ph. Eur.* B HPUR Kk Cobas Farall

17 Ph. Eur. __[1_3 H PUR E Spectrometer

18 ]Ph‘ Eur. * B HPUR = E Spectrometer

20 Stachrom B H PUR E Amax 190+

21 in-house JrB H PUR JyK STACompact

23 Stachrom B H PUR E Spectrometer

24 Ph. Eur. © :H H PUR K Amax 190+

26 Rotachrom B __HPLA K STAR

27 Ph. Eur. * B HPUR E P! Reader

28 Coatest Heparin _ ‘lB HPUR =~ K P! Reader

29 Coamatic B HPLA K Sysmex CA6000 and CA7000

30 Ph. Eur. * B HPUR E PI Reader

31 Ph. Eur. * B HPUR E PI Reader

32  |Rotachrom __E‘B_ﬁBLf\___ K STACompact

33 [Ph. Eur. * je,_ HPUR K IL-Futura

?34 iStachrom B HPUR E ;rSpectrometer |
35 Ph Eur. * B HPUR K Pl Reader |

* = modified Ph. Eur. methods (see text for details)

B = bovine, H = human, PLA = plasma, PUR = purified, E = endpoint, K = kinetic, P! Reader = plate reader



Table 1b. Details of Anti-lla Assay Methods

WHO/BS/03.1986
Page 19

W_-abw i Method Thrombin JAntithrombin Measurement Instrument |
1 Ph. Eur. * H H PUR E ACL7000 |
2 in-house H H PUR K ISTACompact
3 Ph. Eur. * H H PUR E P! Reader
4  Ph.Eur.® H  HPUR __E Pl Reader

5  PhEur- B H PUR K Cobas Mira
7 lPh.Eur.* H H PUR E Pl Reader

8 Ph. Eur. * H H PUR K Pl Reader

10  ln-house  H H PUR K Pl Reader
11 jn-house  H  HPLA K ACL300+

12 in-house H H PLA £ Pl Reader

313 Ph. Eur. * B H PUR E Spectrometer
15 Ph. Eur. * B H PUR E Pl Reader

16 Ph. Eur. * B H PUR K Cobas Fara I
17 Ph. Eur. H H PUR E iSpectrometer
18 Ph. Eur. * B HPUR E Spectrometer
20 Spectrolyse lla B H PUR K ACL7000

21 in-house H H PUR K STACompact
24 Ph. Eur. * < iH H PUR K Amax 190+
27 Ph. Eur. * H H PUR = Pl Reader

30 Ph. Eur. * H H PUR E Pl Reader

31 Ph. Eur. * H H PUR E Pl Reader

33 Ph. Eur. * H H PUR K IL-Futura

35 Ph. Eur. * H H PUR K Pl Reader

* = modified Ph. Eur. methods (see text for details)

B = bovine, H = human, PLA = plasma, PUR = purified

E = endpoint, K = kinetic, P| Reader = plate reader
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Table 2. Sample A: anti-Xa potencies expressed in IU/ampoule relative to the 1st

IS (S)
TLab T - - | Geometric * gcv (%) ]
. ___ _Ampoulei Ampoule2 Ampoule3 - Ampouled | Mean -
» 133 1328 1316 1353 £ 1332 1.0 ;

2 11173 1194 1223 1223 1203 2.1
'3 | 1452 1385 1297 ' 1308 | 1382 4.8

4 1274 1258 1278 1284 1274 0.9
° 5 1218 1190 1201 . 1188 | 1199 1.1 1
.8 | 1354 1270 1332 . 1308 | 1316 © 2.8 |
7 1240 1223 1184 1230 1219 : 2.0 !
8 1138 1176 1197 L1236 1186 3.5 .'
10 1221 1221 1235 1180 11214 2.0 '.
11a 1232 " 1483 1244 . 1436 1340 1.0 |
11b L1314 | 1746 © 1218 L 149) | 1429 L 17.0 |
12 - 1521 . 1403 | 1404 11539 b 1465 9.6 |
13 1221 1322 1241 ;1251 | 1258 - 5.1 j‘
|15 | 1440 1 1189 L 1256 L1191 | 1265 3.5 ‘
|16 | 1306 ' 1254 L1325 1317 | 1300 L 9.4
17 | 1331 1277 ' 1344 | 1208 1312 L 2.5

18 | 1286 : 1329 1492 D 1191 ‘ 1320 L 2.4

20 ‘ 1123 © 1101 1115 1102 | 1110 - 9.8

21 | 1168 1188 - 1181 . 1154 ! 1173 11,0

23 1108 £ 1389 L1176 . 929 1138 1.3
24 | | 1589 1383 1421 | 1462 L 18.1

26 1307 S 1314 £ 1480 3. 1365 1 7.6

27 ‘ 1283 1212 £ 1099 . 1309 ‘ 1223 . 7.3

28 1288 © 1306 L 1327 . 1355 1319 . 8.2

29 1240 ! 1054 1323 L1129 1182 D22 i
| 30 | 1152 S 1176 © 1164 1245 | 1184 . 10.5
3 1183 1189 1149 1222 1186 035 |
|32 L1281 1915 1355 1642 | 1528 L 2.6 ‘
|33 1261 £ 1300 1290 1202 1263 © 20.2 |
34 1116 © 1139 L1188 . 1202 L1161 L 3.6 |
| 35 | 1296 1266 1286 1250 1274 L 3.6 :

| Overall geometric mean: 1273 (95 % CL: 1237 - 1310)

Between-laboratory gcv: 8.2 %
Ph. Eur. method only geometric mean: 1271 (95 % CL: 1232 - 1312) |

| n=16; Between-laboratory gcv: 6.1 %
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Table 3. Sample B: anti-Xa potencies expressed in lU/ampoule relative to

the 1st IS (S)

- Lab

e e Y

.' o 5 ‘Geometric : gcv (%) |
| Ampoule 1 : Ampoule 2 : Ampoule 3 . Ampoule 4 | Mean |
1137 C 1107 © 1072 - 1127 | 1191 1 2.6 !
1029 © 1060 . 1038 L1135 | 1085 4.5 ;
1158 11038 . 1190 . 1269 | 1161 L 8.7
1078 L 1057 1089 1112 | 1084 L 2.1
1036 L1024 ' 864 L1027 | 985 " 9.1
1177 C1119 ' 999 L 1160 L1112 77
. 1066 : 1063 1068 ' 1081 | 1069 0.8
| 1078 L1032 11073 L1138 | 1079 Cd.1
1075 © 1081 L1115 - 1083 | 1088 17
1065 | 1049 1221 ! 1090 | 1104 L 7.1
1110 © 1270 ;1059 © 1134 | 1141 ;8.0
1211 L1156 932 1277 | 1136 148 |
1002 L 1150 ' 1066 1069 1070 | 5.8
1176 © 1020 1 1064 . 1093 | 1087 | 6.1
1114 L1120 . 1104 £ 1103 | 1110 L 0.7
1056 1 1081 L 1187 L1118 | 1109 ' 5.2
1055 - 1128 £ 1199 11019 | 1098 ' 7.4
1042 L 1024 © 1024 1 992 ! 1020 L 2.1
| 1031 11033 . 1032 | 1040 | 1034 L 0.5
L1124 © 1263 © 964 | 895 | 1052 ' 16.7
SN © 1252 L1175 | 1199 - 3.8
1159 1127 L1188 b ‘ 1158 L 2.7
993 1124 © 1201 ' 1133 | 1110 1 8.3
| 1106 . 959 L1155 L 1174 | 1095 . 9.6
998 1414 P 1213 ' 956 | 11314 1 19.9
1071 - 1044 - 994 L1150 | 1063 6.3
1153 11185 £ 1110 . 1108 | 1138 133
1099 £ 2010 © 996 L 1190 1272 . 36.8
1124 1129 L1147 ' 1094 1123 P 2.0 i
855 ' 1065 L 1082 L1074 | 1014 L 121 :‘
1094 ~ 1001 11039 | 1038 | 1042 a7
|

Overall geometric mean: 1097 (95 % CL: 1077 - 1118) |

Between-laboratary gcv: 5.2 %
Ph. Eur. method only geometric mean: 1096 (95 % CL: 1070 - 1123)

n = 16; Between-laboratory gcv: 4.9 %
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Table 4. Sample C: anti-Xa potencies expressed in lU/mL relative to the 1st IS (S)

Overall geometric mean: 113 (85 % CL: 110 ~ 115)
Betweean-laboratory gcv: 6.4%

Ph. Eur. method only geometric maan: 112 (85 % CL: 109 -~ 115)

n=18; Between-laboratory gcv: 8.0 %

Lab - : ! Geometric @ gcv (%)
Ampoute 1 ' Ampoule 2 | Ampoule 3 ; Ampoule 4 | Mean :
1 114 111 L 107 L 113 111 L 2.7
2 110 S112 £ 109 113 il 111 1.9
3 120 £ 123 L 107 L 121 | 117 . 6.6
4 108 C110 R D114 111 L 2.0
5 106 1107 1126 1103 110 1 9.6
8 116 . 109 L 112 117 113 £ 3.3
7 120 L 118 L 115 L 118 118 L 1.7
8 111 107 102 106 106 3.4
10 | 101 : 108 £ 120 L 115 | 111 . 7.5
1a | 96 |98 1110 . 106 | 102 | 6.6
| 11b 134 L 143 100 L 135 127 L 17.4 -
12 134 17 L 116 S 136 125 L 8.9
13 99 . 108 L 105 113 106 ) 5.7
15 110 1 107 L 101 L 101 105 L 4.4
16 115 ;116 L 118 115 118 D 1.1
17 112 114 117 L 114 114 1.9
18 104 C 124 ' 128 112 17 1 10.2
20 [ 119 © 113 D116 L 115 116 P22
21 106 L 109 | 106 £ 108 107 1.4
23 . t 128 | 108 ! 98 111 D 14.4
24 124 ;130 ;133 L 119 126 ‘5.1
26 129 : 126 L 144 i 133 175
27 113 117 P 112 L 117 115 D 2.4
28 108 1108 107 1108 108 0.5
29 | 100 L 127 £ 108 - 98 108 1 12.3
30 112 L 108 : 04 1118 108 . 10.4
3 113 : 100 ' 100 ' 110 108 ‘6.5
32 103 . 198 85 £ 95 | 113 . 46.3
33 113 L 112 L 114 £ 104 | 111 L 4.6
34 08 1 106 1 106 : 109 | 105 L 4.7
15 115 124 L 106 ;102 | 111 © 9.1

o i S e I e s ol

[TE SR
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Table 5. Sample A: anti-lla potencies expressed in |U/ampoule relative to the 1st

IS (S)
| Lab | : i : Geometric ' gcv (%)
| | Ampoulei  Ampoule 2 : Ampoule 3 : Ampoule 4 | Mean )
[ ] . " ; !
1 | 310 1 333 ! 304 | 316 316 ' 4.0
i 2 l £ 306 L 282 314 300 . 5.8
'3 312 1 328 ' 304 © 310 313 ‘3.4
| 4 l 322 © 304 ;286 292 300 5.4
' 5 | 204 - 306 £ 303 . 309 303 L 2.1
7 \ 308 - 301 1 303 © 313 307 L 1.8
8 | 314 . 279 311 L 282 206 0 6.5
| 10 | 365 © 298 ;295 L 311 ' 318 L 10.4
11 314 | 262 ' 205 348 277 : 26.2
12 | 296 | 286 L 277 § 201 288 L 2.9
13 468 . 435 1 397 L 447 436 © 7.2
15 284 | 314 ;307 317 305 5.1
16 337 L 321 1311 1313 321 L3z
17 299 © 305 . 306 : 296 301 D17
18 290 L 270 | 290 £ 201 285 P38
20 | 360 | 355 1 320 1426 363 L 12,6
21 307 P 312 , 306 : 323 312 2.5
24 . . 340 . 366 : 336 347 P 4.7
27 266 0 282 1 299 1279 281 4.9
30 324 © 303 . 285 L 307 305 ¢ 53
31 302 296 . 289 | 283 292 L 2.9
33 | 328 1 318 D317 | 295 | 314 L 4.6
35 303 1318 : 295 1 320 | 309 | 4.0
Overall geometric mean: 311 (95 % limits: 298 — 324)
Between-laboratory gcv: 10.0 %
| Excluding faboratory 13; 306 (35 % limits: 288 - 315)
| Between-laboratory gcv: 8.3 %
Ph. Eur. method only geometric mean: 306 (95 % CL: 298 - 314)
n = 18; Between-laboratory gcv: 5.1 %
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Table 6. Sample B: anti-lla potencies expressed in IU/ampoule relative to the
1st IS (S)
Lab Ampoule Ampoule Ampoule Ampoule Geometrnic gcT'_ﬂ.
S 2 3 4 Mean (%) |
| —
1 339 358 323 334 . 338 4.4 |
2 - 304 326 305 . 312 4.1 !
3 ' 344 316 361 352 £ 343 5.9 !
4 325 281 307 315 . 306 6.4 f
5 323 337 342 322 - 331 © 3.2
7 332 333 334 331 © 332 0.5
8 319 358 332 330 334 5.0
10 361 301 316 328 326 8.0
11 292 309 224 405 301 27.5
12 . 276 286 314 311 296 6.5
13 - 367 405 350 370 - 372 6.3 ~
15 - 308 339 291 327 - 316 6.8 ‘
16 340 346 330 356 343 3.2
17 1 300 303 326 321 312 4.2 |
18 313 332 338 331 328 3.4 '
| 20 389 315 323 348 ' 343 9.9
21 311 323 323 326 b 321 2.2
24 : - 337 . 356 341 ' 345 29
L 27 . 289 302 309 299 . 300 + 2.9
' 30 . 369 . 331 . 347 361 | 352 - 5.0
3 1 307 296 305 315 306 2.5
33 : 353 345 "+ 352 340 | 347 1 1.8
i 35 1 324 291 320 . 339 318 . 6.6 :

" Overall geometric mean: 326 (95 % CL: 318 - 335)
: Between-laboratory gcv: 6.1 %

' Ph. Eur. method only geometric mean: 330 (95 %CL: 321 - 340)
n = 17; Between-laboratory gcv: 6.0 %
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Tabte 7. Sample C: anti-lla potencies expressed in iU/mL relative to the 1st IS

(S)
Lab Ampoule @ Ampoule : Ampoule @ Ampoute | Geometric @ gcv
1 ‘2 3 4 Mean (%)
1 37 + 37 1 34 - 33 35 . 5.6
2 . : 30 : 30 133 31 : 6.0
3 33 - 34 . 33 . 35 34 : 3.1
4 36 134 + 31 32 33 : 6.9
5 34 : 33 '+ 32 1 33 33 1.7
7 38 1 37 137 36 37 . 2.5
8 34 032 » 31 . 35 33 . 5.0
10 36 : 32 $ 33 .33 33 5.4
11 27 : 33 127 L 41 31 : 21.7
12 32 132 <29 131 31 <53
13 32 : 39 . 35 . 39 - 36 . 10.0
15 28 . 32 : 30 : 32 36 : 5.3
16 37 » 32 1 32 : 35 34 : 8.5
17 32 1 33 : 32 0 32 32 c 1.2
18 31 : 34 . 34 . 34 33 | 4.9
20 42 : 38 ' 39 ' 34 38 1 9.2
21 33 ;32 35 134 3 : 3.5
24 32. : 34 . 37 : 34 34 ;8.1
27 28 . 28 <33 : 30 30 1 7.2
30 39 . 33 : 31 : 32 K2} © 10.9
31 35 1 33 ;37 : 33 35 6.1
33 37 034 137 31 35 . 8.7
35 34 : 29 34 : 30 32 . 8.7
Overall geometric mean: 33 (95 % CL: 32 — 34)
Between-laboratory gcv: 6.4 %
Ph. Eur. method only geometric mean: 33 (95 % CL: 32 - 34)
n=17; Between-laboratory gcv: 5.8 %
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Table Ba. Sample B: anti-Xa potencies expressed in {U/ampoule relative to preparation A

Lab Geometric Mean . gev (%)

1 1061 . 1.9

2 1126 . 3.8

3 1069 : 10.4

5 1046 19.2

6 1076 : 8.3

7 1117 c 2.1

10 1141 1.9

11a 1048 : 15.1

11b 1016 . 8.8

12 987 . 11.0

13 1083 . 2.6

15 1094 : 5.0

16 1087 + 3.2

18 1059 . 3.0

20 1170 1 1.5

21 1122 £ 1.6

24 1044 : 10.9

26 1080 1 5.2

27 1155 1 15.6

28 1057 . 8.5

29 1218 : 26.0

30 1143 1 4.0

32 1059 . 18.8

33 1133 1 1.9
Overall geometric mean: 1090 (95 % CL: 1068 — 1113)
Between-laboratory gcv: 4.9 %
Ph. Eur. method only geometric mean (n=11): 1080
(95 % CL: 1064 - 1117)
Between-laboratory gcv: 4.4 %
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Table 8b. Sample A: anti-Xa potencies expressed in IU/ampoule relative to preparation 8

Lab Geometric Mean . gev (%)
1 1316 1.9
2 | 1240 - 3.8
3 1306 - 10.4
5 1336 19.2
6 | 1298 1 8.3
7 1251 0 2.1
10 1224 . 1.9
11a 1331 L 15.1
11b 1374 . 8.8
12 1415 2 11.0
13 1289 1 2.6
15 1277 : 5.0
16 1285 132
18 1319 1 3.0
20 1194 0 1.5
21 1244 L 1.6
24 1338 1 10.9
26 1293 1 8.2
27 1209 : 15.6
28 1321 1 8.5
29 1146 : 26.0
30 1221 1 4.0
32 1318 . 18.8
33 1233 1.9
Overall geometric mean: 1281 (95 % CL: 1255 - 1307)
Between-laboratory gcv: 4.9 %
Ph. Eur. method only geometric mean (n=11): 1281
| (95 % CL: 1250 - 1313)
| Between-laboratory gcv: 4.4 %
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Table 8c. Sample C: anti-Xa potencies expressed in [U/mL relative to preparations A and B

Relative to A: Relative to B
Lab _ Geometric Mean gev (%) ~ Geometric Mean gev(%h)
1 106 20 110 05
2 117 24 114 29
3 - 108 36 111 126
5 110 1 15 f
6 110 26 112 66 |
7 123 05 121 19 !
. 10 116 80 108 5.6 |
11a 97 122 102 39 :'
11b 109 36 21 91
12 107 51 1 109 . 5.0 |
13 105 7.2 106 57 5
15 L 114 2.5 115 BE
16 111 2.7 1113 3.4
18 £133 13 | 124 D21
20 | 116 18 113 12
21 123 8.4 | 118 1 5.3
24 ' 124 1.6 | 126 . 5.0
| 26 119 72 113 .83
27 | 104 22 | 108 £ 10.0
28 116 206 | 104 77
29 116 8.8 111 © 50
30 114 55 102 L 7.9
| 32 112 20 | 108 128
i 33 115 25 113 .75
' Overall geometric mean: Overall geometric mean: '
113 (95 % CL: 110 - 117) 112 (95 % CL: 109 — 115) '
' Between-laboratory gcv: 6.9 % Between-laboratory gev: 5.8 % |
Ph. Eur. method only geometric mean . Ph. Eur. method only geometric mean
(n=11):114 (n=11): 113
(95 % CL: 108 - 120) (99 % CL: 108 - 118)
Between-laboratory gev: 7.7 % Between-laboratory gcv: 7.2 % |

NMote no T gov avallable for lab 5 when C was assayed against A, as only ONe 3ssay was performed where C
was assayed aganst A
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Table 9a. Sample B: anti-ila potencies expressed in IU/ampoule relative to preparation A

' Laboratory l Geometric Mean ;. gev (%)
1 | 328 1 1.6
2 317 1 10.0

'3 335 1 9.4

|5 334 3.4

L7 332 2.1
10 316 ;3.8
11 333 0 11.5
12 315 . 8.8
15 317 . 6.3
16 327 1 5.0
18 | 352 1 6.6
20 389 . 13.4
21 314 2.1
24 304 1 2.2
27 327 2.1
30 354 1 4.8
33 338 0 3.0

Overall geometric mean: 325

(95 % CL: 317 - 333)

Between-laboratory gev: 5.2 %

Ph. Eur. method only geometric mean (n=11). 331
(95 % CL: 322 - 341)

Between-faboratory gcv: 4.2 %
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Table 9b. Sample A: anti-lla potencies expressed in [lU/ampoule relative to preparation B

Laboratory | Geometric Mean . gev (%)

1 304 1 1.6

2 314 1 10.0

3 298 1 9.4

5 299 3.4

7 301 2.1

10 316 £ 3.8

11 300 - 11.5

12 316 : 8.8

15 315 1 6.3

16 305 1 5.0

18 283 ' 5.6

20 346 + 13.4

21 317 D21

24 328 2.2

27 305 P 2.1

30 282 1 4.8

33 295 0 3.0
Overall geometric mean: 307 (95 % CL: 299 - 315)
Between-laboratory gcv: 5.2 %
Ph. Eur. method only geometric mean (n=11): 301
(95 % CL: 293 - 310)
Between-laboratory gcv: 4.2 %
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Table 9¢c. Sample C: antiHla potencies expressed in IU/mL relative to preparations A and 8

Relative to A: | Relative to B:
Lab Geometric Mean : gcv (%) | Geometric Mean : gcv (%)
. | .
1 34 . 5.0 | 34 3.8
2 { 31 0 5.2 32 + 8.7
'3 ' 33 4.5 32 1 6.6
| 5 33 L 4.1 33 1 5.6
7 37 3.6 36 0 2.5
10 32 5.2 33 1 2.9
11 35 . 22.8 34 1 13.3
| 12 33 . 3.7 34 : 11.3
15 31 . 1.0 31 : 5.3
16 32 . 6.3 32 184
18 36 . 7.6 33 0 2.3
20 32 0 21.0 36 . 10.7
21 33 1 4.2 34 . 3.4
24 31 0.7 33 1 2.2
27 32 3.6 32 : 5.1
30 34 1 6.2 31 1 8.7
33 34 8.3 33 + 6.8
Overall geometric mean: Overall geometric mean:
33(95% CL: 32 - 34) 33 (95 % CL: 32 - 34)
Between-laboratory gev: 5.0% Between-laboratory gcv: 4.4%
Ph. Eur. method only (n=11): Ph. Eur. method only (n=11):
33 (95% CL: 32 - 34) 33 (95% CL: 32 - 34)
Between- laboratory gcv: 5.6% Between- laboratory gcv: 4.1%
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Table 10a. Summary of Inter-laboratory variation of potency assays relative to 1st IS (S)
expressed as gcv %, by all methods

Assay Type | A B c

Anti-Xa ‘ 8.2 52 6.4
|

Anti-lla l 6.3 6.1 ' 6.4
l

Table 10b. Summary of Inter-laboratory variation of potency assays relative to 1st IS (S)
expressed as gcv %, by Ph. Eur. methods

Assay Type A B c
Anti-Xa 6.1 49 6.0
Anti-lla 51 6.0 5.8

Table 11a. Summary of potency estimates relative to 1st IS (S) by all methods

IU/ampoule fU/mL
Assay Type

A B C
Anti-Xa 1273 1097 113
Anti-lla 308 326 33
Anti-Xa: Anti-ila Ratio 4.16 3.37 3.42

Table 11b. Summary of potency estimates relative to 1st IS (S) by

Ph. Eur. methods

Assay Type iU/ampoule IU/mL
| A B C
Anti-Xa 1271 | 1096 112
Anti-ila 306 330 33
| Anti-Xa: Anti-lla Ratio 4.15 3.32 3.39
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Summary of potency estimates of samples A and C relative to preparation

B e
Potency
Geometric mean
Assay Type ~ [ Methods A C
(lU/ampoule) (IU/mL)
Anti-Xa All 1281 112
Ph. Eur. 1281 113
Anti-lla All 307 a3
Ph. Eur. 301 33
Anti-Xa: Anti-lla All 417 3.39
Ratio Ph. Eur. 4.25 3.42
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figue 2. Sample B arii—Xa potencies refalive o st 1S (S)

12i S oo e
114
104
5 8
@ .
— 7 :
° 5
]
27
£ 5
3 18
Z 4 7
1] 3017 {8/
- a1
ra
1 Sie |«
) 7
(6‘\5671333 [2_4L
0T T LN SLE AL S SIS B RALANE L ML S B S N B B B S BN
80 90 100 110 120 130 1490

Potercy (as % of mean)

Assay metnod Olee in—house Coatest KN Sacnram Roachrorn 8 Spechozyme D&



WHO/BS/03.1986 |
', Page 36 |
, i
':T ; .
_ Figure 3. Sample C: arti—Xa potencies relatne to st IS (S)
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Fgure 4. Sample A anti—lla potencies relative to st 1S (S)
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Figure 6. Sanmple C anti—lia polercies relative 1o st IS (S)
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Figure 5 Sample £ arti—Xa poienci2s relative to sample B
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Figue 9 Sampk A anti—lla potergies relative 1o zample B
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l2i ———
1
4
81
7
S‘ mea
e
ix{.- ] i
= LB
N ]2724#:
< i e
N 30,1618 4§ F%
B[(3|6 1 7
0 T ‘-")'f'f'f'llll|'r'!""l'('|'|‘|'1‘|'l'|1'|
8G 20 100 110 i 20 130 149

Assay melnoc

Potercy (as % of mean)

O oep

n—hcuse

| Specirclyse



