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Summary 
An international collaborative study was organized to calibrate two new International Standards 

for C1-inhibitor (C1-inh).  The First, a plasma standard, is required to reduce the inter-laboratory 

variability for the diagnosis of functional C1-inh deficiency, and the second, a concentrate 

standard, is required to assign potency values to C1-inh products used in replacement therapy.  

The study involved 28 laboratories from 13 different countries representing clinical laboratories, 

manufacturers and regulatory agencies.  All participants were asked to measure the C1-inh 

content of a candidate lyophilised reference plasma standard (A, 08/262); a candidate 

concentrate standard (B, 08/256); and a locally collected normal plasma pool.  For each 

laboratory potencies were calculated for A and B relative to the local plasma pool, which was 

assigned a nominal potency of 1.0 IU/ml, and an overall mean potency was calculated for each 

of the candidates.  Based on the results of the study, sample A (08/262) is proposed as the 1st 

International Standard for C1-inh, plasma, with a potency of 0.89 IU per ampoule; and Sample B 

(08/256) is proposed as the 1st International Standard for C1-inh, concentrate, with a potency of 

9.6 IU per ampoule. 

 

Introduction 
C1-inhibitor (C1-inh) is a member of the serpin (serine protease inhibitor) family that inhibits 

C1-esterase and prevents spontaneous activation of the complement system.  C1-inh also inhibits 

proteases of the fibrinolytic, clotting and kinin pathways and is the most important inhibitor of 

plasma kallikrein, Factor XIa and Factor XIIa.  C1-inh circulates in the blood at around 0.25 g/L 

normally, but during inflammation can increase two-fold.  A deficiency of C1-inh can lead to 

increased plasma kallikrein activation which results in the production of the vasoactive peptide 

bradykinin from HMW-kininogen.  C1-esterase cleavage of C4 and C2 also goes unchecked 

resulting in auto-activation of the complement system.  C1-inh deficiency is most commonly 

associated with hereditary angioedema (HAE), which can present as a swelling of the blood 

vessels typically associated with a swelling of the face, mouth and/or airways, although the 

swelling can be to any part of the body.  This can occur spontaneously, or in response to mild 

trauma (e.g. dental work, or other stimuli). 

 

Patients with HAE lack functional C1-inh and this is determined by functional assay with 

chromogenic substrate, or with an ELISA determining complex formation of C1-inh with C1-

esterase.  Several commercial kits are available and some laboratories use in-house variations.  

An investigation into the uniformity of C1-inh measurement throughout Europe was undertaken 

by Sanquin
1
 (Netherlands) and among the recommendations from this study was for an 

international standard for C1-inh to reduce inter-laboratory variation, and support harmonization 

of international regulations.  The project was endorsed by the Expert Committee on Biological 

Standardisation (ECBS) of the World Health Organization (WHO) in October 2007.  

 

It was agreed that two international standards should be developed: a plasma standard for the 

diagnosis of C1-inh deficiency and a purified concentrate standard for batch release testing of 

therapeutic products.  The development of an IS will be fundamental to ensure standardization of 

potency testing and diagnostic tests allowing comparison of results worldwide  An international 

collaborative study was therefore organised to calibrate two new WHO International Standards 

for C1-inh plasma, and concentrate, and the outcome of this study is described in this report. 

 

Units 
Diagnostic plasma samples and purified therapeutic products are currently assigned potency 

values relative to commercial or internal standards and 1 U is defined as the amount of C1-inh 
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present in 1 ml of normal human plasma.  It is therefore proposed that the IU is also defined in 

this way for continuity and consistency with current labelling practice. 

 

   

Materials 
International Standards are required to be representative of the materials they are employed to 

measure so that potency estimates can be made independent of the assay method, observing the 

WHO principle of measuring ‘like versus like’.  A plasma standard should therefore be a normal 

human plasma, freeze-dried for long term storage, and a concentrate standard should be a 

purified preparation, representative of the contemporary commercial therapeutic products.  

Where the IU is defined by amount of the analyte present in normal plasma, as is the case for 

C1-inh, the 1
st
 concentrate standard is typically calibrated relative to plasma, with future 

replacements calibrated relative to previous concentrate standard.  To investigate suitable 

materials to serve as candidate international standards a trial study was carried out.  Details of 

this study are provided in Appendix A, but the main points are discussed and summarized here. 

 

There are currently three plasma derived C1-inh products licensed to treat HAE: Berinert P (CSL 

Behring); Cetor (Sanquin) and Cinryze (Lev Pharmaceuticals).  Cinryze is manufactured by 

Sanquin in Europe, but was developed for the US market.  Samples of two of these products, 

Berinert P and Cetor, were kindly donated by the manufacturers to produce small scale trial fills 

at NIBSC.  Ampoules of these trial fills were assayed for functional C1-inh by four laboratories 

using their routine method and in-house standard.  The purpose of this trial study was to test the 

formulation and freeze-drying conditions, and to investigate any apparent differences between 

the products that may be reflected in the quality of the assays.  The results returned for this trial 

study (Appendix A) suggest a difference in the overall potency for the two trial fills.  Although 

the reason for this difference is not clear, it could be caused by normal batch variation, variation 

due to the small size of the study, or due to a difference in the standards used by the 

manufacturer in the original calibration, which might be expected in the absence of a common 

standard.  Importantly there was no difference observed in the performance of the materials, with 

both meeting the internal QC criteria of the participating laboratories, producing valid potency 

estimates.  It was therefore concluded that either of these materials could serve as candidates in 

the main collaborative study. 

 

In the same trial study the four participating laboratories were also asked to measure the potency 

of two freeze-dried normal human plasmas.  The first (07/114) was an unassigned NIBSC 

plasma and the second was the 1
st
 WHO IS for Factor XI, plasma (04/102).  Both were prepared 

from normal human plasma pools, with very similar formulations and freeze-drying conditions.  

The rationale for choosing these samples was they are both representative of the typical NIBSC 

procedure for producing freeze-dried plasma, providing the option of using either of these 

samples as candidates in the main study, or producing a new batch. 

 

Because either concentrate material could serve as the candidate, and both concentrate and 

plasma standards were being calibrated in the same study, it was decided to keep the number of 

candidates to a minimum and include only one candidate for each.  The source material for the 

concentrate candidate was chosen based on availability, which allowed for the desired 10,000 

ampoules with a target 10 U per ampoule fill (1 ml in 5 ml ampoules).  For the plasma candidate 

it was decided to prepare a new batch of material, rather than calibrate an existing plasma 

reference.  Dedicating 5000 ampoules of a new plasma to C1-inh will ensure the longevity of the 

standard without depleting stocks of an existing standard unnecessarily.  Details of the definitive 

plasma and concentrate fills are provided below. 
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Candidate C1-inh plasma 
Normal human plasma was sourced from the UK Blood Authority (North London Blood 

Transfusion Centre, Colindale).  Twenty four units of plasma (double-spun and rapidly frozen) 

were supplied to NIBSC and stored at -70 °C.  Each plasma unit had been tested and found 

negative for HBsAg, HIV antibody, HCV antibody and HCV RNA.   On the day prior to the fill 

the units were transferred to -20 °C storage and on the day of the fill all of the units were thawed 

using water baths at 37 °C.  After thawing all units were pooled and 250 ml of 1.0 M HEPES 

solution (4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic acid) was added to 6 L plasma to a 

final concentration of 40 mmol/L HEPES (approximately pH 7).  A total of 5127  5 ml DIN 

ampoules were filled with 1.1 ml aliquots of the HEPES buffered plasma, and lyophilised in 

accordance with the conditions required for International Standards
2
.  Filling and lyophilisation 

was carried out at NIBSC and the batch was coded 08/262 (Sample A in the collaborative study).  

Ampoules are stored at NIBSC, Potters Bar, UK, at -20°C.  Further details of the lyophilisation 

record for 08/262 are given in the table below. 

 

Results for filling and lyophilisation of C1-inh plasma candidate 08/262 

Number of containers 5127 

Mean fill mass (CV) 1.1054 g (0.15 %) n=227 (from pumps 1,2 and 

3 throughout filling) 

Mean dry weight (CV) 0.0930 g (0.47 %) n=6 

Mean residual moisture (CV) 0.1875 % (18.45 %) n=12 

Mean oxygen head space (CV) 0.14 % (62.82 %) n=12 

 

Candidate C1-inh concentrate 
For the definitive fill one manufacturer provided 100,000 U (200 vials) of their therapeutic C1-

inh product.  Each vial contained 500 U of a freeze-dried preparation, purified from pooled 

human plasma that had been tested and found negative for HBsAg, HIV antibody, HCV antibody 

and HCV RNA .  The material was reconstituted and diluted to a final concentration of 10 U/ml 

(based on the labelled potency) in 10 mM Hepes buffer (pH 7.4) containing 0.15 M sodium 

chloride and 5 mg/ml human albumin.  A total of 9890 5 ml DIN ampoules were filled with 1 ml 

aliquots of the diluted material and lyophilised in accordance with the conditions required for 

International Standards
2
.  Filling and lyophilisation was carried out at NIBSC and the batch was 

coded 08/256 (Sample B in the collaborative study).  The ampoules are stored at NIBSC (Potters 

Bar, UK) at -20 °C.  Further details of the lyophilisation record for 08/256 are given in the table 

below. 

 

Results for filling and lyophilisation of C1-inh concentrate candidate 08/256 

Number of containers 9890 

Mean fill mass (CV) 1.0053 g (0.15 %) n=395 (from pumps 1,2 and 

3 throughout filling) 

Mean dry weight (CV) 0.0236 g (5.17 %) n=6 

Mean residual moisture (CV) 0.2089 % (27.53 %) n=12 

Mean oxygen head space (CV) 0.26 % (40.70 %) n=12 

 

Stability of the candidate materials 
 

Long term stability 
Predictions for the long term stability of the candidate materials 08/256 and 08/262 are being 

assessed by monitoring the C1-inh potency of ampoules stored under accelerated degradation 
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conditions.  Ampoules of both candidate preparations were stored at a range of temperatures 

immediately following lyophilisation (-150 °C, -70 °C, -20 °C, +4 °C, +20 °C, +37 °C, +45 °C 

and  +56 °C). 

 

To provide an indication of long term stability, two ampoules of each candidate were assayed 

following storage under accelerated degradation conditions for one year.  Potency estimates were 

obtained for the degradation samples (+4 °C, +20 °C, +37 °C, +45 °C for the plasma candidate 

(08/262); and +37 °C, +45 °C and +56 °C for the concentrate candidate (08/256) relative to 

ampoules stored at -20 °C, using a modified version of the Technochrom C1-Inh assay 

(Technoclone) at NIBSC, as described below for the collaborative study.  The results are 

presented in the table below, expressed as a percentage of the potency result for the -20 °C 

samples.  Each result is based on a combined potency from two ampoules assayed separately in 

duplicate. 

 

Stability data of C1-inh candidates after 1 year storage at elevated temperatures 

% activity relative to -20 °C 

(confidence interval) 
Stability 

sample 
+4 °C +20 °C +37 °C +45 °C +56 °C 

Plasma 

candidate 

(08/262) 

94.9 % 

(83.5 – 107.6) 

96.4 % 

(91.6 – 109.1) 

86.2 % 

(78.4 – 94.6) 

64.9 % 

(57.7 – 

72.9) 

- 

Concentrate 

candidate 

(08/256) 

- - 
95.3 % 

(88.5 – 102.7) 

101.3 % 

(93.5 – 

109.7) 

97.3 % 

(93.8 – 

101.1) 

 

The results suggest that both candidate materials are very stable, with little or no observed loss of 

potency for the plasma candidate (08/262) stored up +20 °C, and for the concentrate candidate 

(08/256) stored up to +56 °C.  For the plasma candidate (08/262) stored at +37 °C and +45 °C 

there is some observed potency loss, although in both cases the material was difficult to 

reconstitute, and at +45 °C some of the material was insoluble.  There is insufficient potency loss 

at the lower storage temperatures for both candidates to calculate long term predictions on 

stability, and the potency of the accelerated degradation samples will be monitored over longer 

time periods for this.  This data does however indicate that the material is stable under normal 

storage conditions, and for short term storage at ambient temperature suitable for shipping. 

 

 

Bench stability following reconstitution 
To provide an indication of the stability of the candidate materials throughout a typical assay 

period, the potency of the candidate materials was monitored following reconstitution. One 

ampoule each of the plasma candidate (08/262) and the concentrate candidate (08/256) were 

removed from storage at -20 °C and allowed to reach room temperature.  Both ampoules were 

reconstituted with 1 ml water for injection (WFI) at room temperature.  Once fully reconstituted 

the ampoules were placed on ice; in addition 0.5 ml of the plasma candidate (08/262) was 

transferred to a plastic tube and also stored on ice.  After 4 hours fresh ampoules were 

reconstituted and relative potency estimates of the stability samples were obtained using a 

modified version of the Technochrom C1-Inh assay (Technoclone) at NIBSC, as described 

below for the collaborative study.  The assays were repeated using fresh ampoules after 8 hours, 

and following overnight storage at 4 °C (glass ampoules only).  The results are presented in the 

table below: 
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Bench stability of candidate C1-inh standards after reconstitution 

% activity relative to fresh ampoule 

(confidence interval) 
Stability sample 

4 hours (ice) 8 hours (ice) 
24 hours  

(overnight at 4 °C) 

Plasma candidate 

(08/262) 

105.1 % 

(91.5 – 121.1) 

91.1 % 

(83.0 – 99.8) 

92.0 % 

(86.0 – 98.3) 

Plasma candidate 

(08/262) –  

plastic tube 

105.3 % 

(91.7 – 121.3) 

90.1 % 

(82.0 – 98.8) 
- 

Concentrate candidate 

(08/256) 

107.4 % 

(97.2 – 119.0) 

102.5 % 

(97.2 – 108.0) 

108.3 % 

(103.5 – 113.5) 

 

The results of these assays suggest that both the plasma candidate (08/262) and the concentrate 

candidate (08/256) are stable when stored on ice for a typical assay period of 4 hours.  Following 

further 4 hours storage on ice, the concentrate candidate (08/256) appears to remain stable 

although there is an indication that the plasma candidate (08/262) loses activity.  The difference 

between the purified concentrate and plasma samples suggests that some other plasma 

components are causing this apparent loss of potency.  This does not however appear to be 

related to contact activation by the glass ampoule as both the glass and plastic stored samples are 

affected equally.  No further loss of potency is detected following overnight storage at 4 °C for 

either material.  Based on this limited data the IFU (instructions for use) will advise that after 

reconstitution the standards should be stored on melting ice, and assays should be completed 

within 4 hours.   

 

Participants 
An invitation to participate in the collaborative study was posted on the website of the 

Standardisation and Scientific Committee (SSC) of the International Society on Thrombosis and 

Haemostasis (ISTH) to maximise publicity and attract participants worldwide.  The invitation 

was also distributed to laboratories throughout the OMCL (Official Medicines Control 

Laboratories) network in Europe and within the UK NEQAS (National External Quality 

Assessment Service) scheme, and to laboratories that had participated in the assay evaluation 

project
1
 organised by Sanquin (Netherlands).  Manufacturers of therapeutic concentrates and 

diagnostic kits, and  regulatory laboratories, were also approached directly and were encouraged 

to distribute the invitation to appropriate contacts.   

 

A total of 30 laboratories agreed to participate of which 28 completed the study and returned 

results.  Participating laboratories represented 13 different countries (Germany (6), UK (4), 

Switzerland (3), US (2), France (2), Austria (2), Italy (2), Netherlands (2), Spain, Croatia, 

Hungary, Norway and Greece) and of these five were regulatory, six from industry and 17 were 

hospital or university diagnostic laboratories.  A list of the participants is provided in the 

acknowledgements section; however the order of listing does not correspond to the laboratory 

code number. 

 

Assay methods and study design 
Participants in the study were requested to carry out functional C1-inh assays on three samples: 

‘A’ (08/262), a freeze-dried plasma; ‘B’ (08/256) a C1-inh concentrate; and a normal plasma 
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pool ‘N’.  Samples A and B were provided by NIBSC and participants provided the normal 

plasma pool. 

 

The aim of the study was to assign C1-inh potency values to samples A and B relative to normal 

plasma, which was assigned a nominal potency of 1.0 International Unit (IU) per ml.  

Participants were requested to obtain a local fresh plasma pool on each day of the assay where 

possible, from a minimum of eight normal healthy donors.  Instructions were provided for the 

collection and preparation of the plasma pool.  When this was not possible it was acceptable to 

use a frozen plasma pool from a local source, such as a national blood bank or commercial 

company, however it was unacceptable to use freeze-dried plasma.  Participants were requested 

to provide information on their plasma source. 

 

Kits for measuring functional C1-inh potency are commercially available and the most 

commonly used are Berichrom C1-inhibitor (Siemens Healthcare Diagnostics), Technochrom 

C1-INH (Technoclone) and MicroVue C1-lnhibitor Enzyme Immunoassay (Quidel Corporation).  

The Berichrom and Technochrom kits are based on the same principle in which C1-inh is titrated 

against an excess of C1-esterase to form an inhibitory complex, and the residual C1-esterase 

activity is measured using a chromogenic substrate.  The MicroVue kit is an immunoassay in 

which C1-inh is complexed with biotinylated C1-esterase and bound to an avidin coated 

microplate.  A HRP (horseradish peroxidase)-conjugated anti-C1-inh antibody is bound to the 

inhibitor complex and measured using a chromogenic substrate for the bound HRP-conjugate. 

 

Participants were provided with six ampoules of samples A and B and requested to carry out at 

least four C1-inh assays across two separate days or sessions, using fresh ampoules for each 

assay.  Laboratories were instructed to include all three preparations (A, B and N) in each of the 

four assays with a minimum of three dilutions of each preparation, including two or more 

replicates of each dilution within each assay.  An approximate C1-inh content of 1 IU per 

ampoule for sample A and 10 IU per ampoule for sample B were given to enable an appropriate 

dilution regime.  The test procedures provided with each of the C1-inh kits describe a method for 

measuring the C1-inh content of human plasma at a single dose, however to allow a full 

statistical analysis of the results measurements at multiple doses are required.  A modified test 

procedure was developed at NIBSC for the Technochrom and Berichrom assay kits that allowed 

multiple C1-inh dilutions to be assayed.  The test procedures were validated at NIBSC for use 

with an ACL TOP 500 analyzer (Instrument Laboratories).  The modified test procedures were 

provided to participants in the study as a suggestion for laboratories that do not routinely 

measure multiple C1-inh dilutions.  Laboratories that already performed multiple dose assays 

were encouraged to use their own method where possible. 

 

Participants were requested to return the raw data from their assays to NIBSC and complete a 

study questionnaire.  All data analysis was performed at NIBSC, although participants were 

invited to provide their own potency estimates if they wished.  The responses to the 

questionnaire provided information about the method used to obtain the results, and details about 

the plasma pool ‘N’ used in each assay. 

 

Statistical analysis 
The results from assays measuring residual C1-esterase activity, including the in-house methods 

and assays using the Berichrom and Technochrom kits, were analysed using a slope ratio model
3
.  

For the MicroVue immunoassay the results were analysed using a parallel line model
3
.  

Potencies and confidence limits for samples A and B were calculated relative to the normal 

plasma pool N for each assay using the software program Combistats
4
.  Combined potency 
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estimates for each laboratory were obtained by taking the geometric mean of all valid assay 

results.  When the p-value for homogeneity was more than 0.100 the weighted combination was 

used; when the p-value for homogeneity was less than 0.100 the semi-weighted combination was 

used. 

 

An overall potency value for each sample A and B was taken as the unweighted geometric mean 

of the results from each laboratory.  Inter-laboratory variation was expressed using geometric 

coefficients of variation (GCV = {10
s
-1}×100% where s is the standard deviation of the log-

transformed potency estimates). 

 

Assay validity 
Multiple dose assays were considered ‘statistically valid’ if the outcome of the analysis of 

variance met the following criteria: 

 

For the slope ratio model: 

 

• The variation due to blanks (C1-esterase with no C1-inh) was not significant, i.e. the 

calculated probability was not less than 0.05.  This indicates that the responses of the 

blanks do not significantly differ from the common intercept and the linear relationship is 

valid down to zero dose. 

• The variation due to differing intercepts was not significant i.e. the calculated probability 

was not less than 0.05. 

• In assays including at least three doses per preparation, the variation due to non-linearity 

was not significant i.e. the calculated probability was not less than 0.05. 

 

In cases where one or more of the above criteria were not met, i.e. the calculated probability of 

variation due to blanks, differing intercepts or non-linearity was less than 0.05, the assay results 

were scrutinised further.  A visual check of the dose response curve for each preparation in an 

assay was carried out to check for any systematic deviation, and where necessary the highest 

dose was excluded.  For the assay to be considered valid at least three doses must be included for 

both the standard and the test preparation and any deviation from the validity criteria deemed 

incidental rather than systematic by visual check. 

 

For the parallel line model: 

 

• The linear regression term is significant, i.e. the calculated probability is less than 0.05. 

• The term for non-parallelism is not significant, i.e. the calculated probability is not less 

than 0.05. 

• The term for non-linearity is not significant, i.e. the calculated probability is not less than 

0.05. 

 

For the assay to be considered valid at least three doses must be included for both the standard 

and the test preparation and any deviation from the validity criteria deemed incidental rather than 

systematic by visual check.  

 

Potency estimates for individual assays were considered to have a high intra-assay variability if 

the width of the 95 % confidence interval was outside the acceptable range of 80-120 % of the 

estimated value, and were excluded from the laboratory mean result. 
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Results and discussion 
 

Summary of results 
A summary of the results for each laboratory and for the overall study are shown in Table 1 and 

Figure 1 for sample A (08/262) and in Table 2 and Figure 3 for sample B (08/256).  The potency 

for sample A was calculated from the results from 100 independent assays performed by 25 

laboratories, and the potency for sample B was calculated from 88 independent assays from 22 

laboratories.  Overall the assays were performed well in the study, and potencies can be assigned 

to the candidates with confidence.   

 

• The potency result for sample A (0.89 IU) is consistent with other freeze-dried plasma IS 

where the IU was defined as the amount of the analyte in 1 ml of fresh normal plasma.   

• The expected potency for sample B, based on the manufacturer’s information for the 

source material, was approximately 10 IU and the proposed potency of 9.6 IU is 

consistent with this expectation.  

   

Of the 25 laboratories that contributed results to the final potency calculations 9 used the 

Berichrom kit, 11 used the Technochrom kit, 3 used the MicroVue kit and 2 used in-house 

methods.  Methods were modified where necessary to include at least 3 doses.  The distribution 

of results for each laboratory is shown in Figure 2 for sample A, and Figure 4 for sample B.  The 

assay method for each laboratory is also indicated.  For sample A (plasma) the results appear to 

be distributed randomly, with no observed bias for any particular method.  For Sample B 

(concentrate) all results are within an acceptable range, however there appears to be a trend for 

the Berichrom kit to produce higher potency estimates, with the Technochrom kit tending to 

produce lower potencies.  This observed trend could be a result of matrix effects, with other 

components in the normal plasma pool ‘N’ interacting with the reagents in the assay.  If this 

observed difference is real then this highlights the importance of the principle of measuring ‘like 

vs. like’, and the need for a concentrate standard to reduce any assay bias when assigning 

potencies to purified products. 

 

Details of anomalous results and excluded assays are provided below; however it is important to 

note that in a number of cases laboratories were performing an unfamiliar variation of their 

routine method.  Multiple dose assays are not routinely performed for C1-inh diagnostic assays, 

and furthermore many laboratories will only have had experience of assaying either plasma or 

concentrate samples and were not used to the different dilution regimes required for the different 

sample types.  The way the data was reported for this study was unfamiliar to many laboratories 

and this may explain why many laboratories did not attempt to calculate potency estimates from 

their own results.  This was however not a requirement for the study and participants’ own 

potency estimates are not included in this report. 

 

Anomalies and deviations 
The results from 3 of the 28 participating laboratories were excluded from the analysis.  One 

laboratory experienced difficulties with adapting the modified method to their routine protocol, 

and returned limited data.  Another laboratory returned data but only included a single dose for 

the normal plasma pool, sample N.  Without multiple doses, potency values could not be 

assigned to samples A and B in any of the assays.  The third excluded laboratory returned a 

complete set of results, however there was considerable variability in the data, with little or no 

dose response for some assays, and a significant deviation from the model observed in all assays.  

Limited time and resources prevented these laboratories from repeating the assays and 

completing the study.  Of the remaining 25 laboratories, 23 returned results for at least 4 assays 
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as requested.  Laboratories 5 and 25 returned results for 2 assays.  Laboratories 9 and 19 each 

returned results for 8 assays with replicates on 2 different analysers (laboratory 9) and with 2 

different operators (laboratory 19). 

 

Laboratory 14 returned no results for sample B, and the results from laboratories 2 and 21 for 

sample B were excluded from the analysis.  In both cases the range of dilutions used for sample 

B did not produce the same response range as samples A and N, with too few data points within 

the linear range to validate the analysis. 

 

The results from laboratory 2, assay 3, were significantly non-linear and therefore excluded.  The 

results from laboratory 6, assays 2 and 4 were excluded due to high intra-assay variability.  For 

laboratory 7, there was high intra-assay variability for sample A in assay 2 and apparent non-

linearity for sample B in assay 4, and these results were also excluded.  Laboratories 23 and 24 

provided no replicate data with only a single response for each sample dilution in each assay.  A 

complete analysis of variance was therefore not possible and the results were validated by 

showing no significant deviation from the model. 

 

Impact of establishing IS for C1-inh 
To assess the performance of the candidate concentrate IS (08/256), an additional study was 

organized including the four laboratories that participated in the trial study (appendix A).  These 

laboratories were once again requested to measure the C1-inh potency of the trial fill candidates 

SS-110 and SS-113, filled using material provided by the two main concentrate manufacturers 

(see appendix A for details).  Laboratories were requested to use their routine local method but 

with the candidate IS (08/256) as standard with its proposed potency of 9.6 IU.  The results are 

presented in the table below. 

 

 

Results of a follow up study to assess the performance of the concentrate standard (08/256) 

against trial fill samples SS-110 and SS-113 

Sample Laboratory 
Number of 

assays 

Geometric 

mean result 

(IU) 

Geometric 

standard 

deviation 

GCV (%) 

Combined 

result 

(GCV %) 

A 4 10.17 1.02 1.82 

B 3 10.00 1.03 2.66 

C 6 10.13 1.02 2.48 
SS-110 

D 2 11.13 1.08 8.05 

10.35 IU 

(5.03) 

A 4 7.53 1.03 2.73 

B 3 7.20 1.04 3.71 

C 6 6.86 1.04 3.72 
SS-113 

D 2 7.69 1.02 1.67 

7.31 IU 

(5.20) 

 

The candidate IS performed well in all assays.  The combined potencies for both samples, 

calculated from all results, were consistent with a coefficient of variation of 5 % for each sample. 

 

To assess the impact of the proposed concentrate IS (08/256) on potency assignment and batch 

release testing of therapeutic C1-inh, several manufacturers and OMCLs were provided with 

ampoules of the candidate IS to compare with in-house standards and commercial preparations.  

Participants were encouraged to investigate the impact of the IS on therapeutic products and 

report any concerns.   
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When the commonly used normal human reference plasma (Siemens, Germany) was compared 

to the proposed IS, the potency of the reference plasma was consistently reported to be lower 

than expected and by as much as 18 %.  However, when historical batches of therapeutic C1-inh 

(Berinert P, CSL Behring) were re-tested by Paul Erhlich Institute against proposed IS, it was 

concluded that potencies were within license specifications, and there would be no impact on 

issuing certificates for batch release. 

 

The introduction of a concentrate IS for C1-inh should not cause any major problems for current 

licensed products, and manufacturers and regulatory laboratories have voted in agreement with 

the proposals detailed below.  Existing discrepancies where concentrates are measured using 

plasma standards will be eliminated with the introduction of a concentrate IS, and the 

introduction of a concentrate IS is expected to reduce inter-laboratory variation, and harmonize 

the potencies of current and future products.   

 

Proposals 
1. Preparation 08/262 is proposed as the 1

st
 WHO International Standard for C1-inhibitor, 

plasma with a potency of 0.89 IU. 

 

2. Preparation 08/256 is proposed as the 1
st
 WHO International Standard for C1-inhibitor, 

concentrate with a potency of 9.6 IU 
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Participants’ response 
Responses were received from 25 of the 28 participating laboratories and all agreed with the 

proposals.  Of these, 8 laboratories provided additional positive comments in their replies in 

support of the study and the conclusions in general.   

 

Several specific comments and questions were also raised: one laboratory commented on the 

observed trend that with a plasma standard, the Berichrom method provided generally higher 

potency estimates for sample B than the Technochrom kit, asking if the difference is significant, 

if there was any explanation for the difference, and whether the same trend is found when testing 

concentrate vs. concentrate.  In response, the difference between the two kits is significant, 

however the reason for this trend is not clear, since both kits are based on the same principle and 

use the same chromogenic substrate.  Fortunately both kits were well represented in the study, 

and the overall range was satisfactory when the results from all methods were combined.  The 

observed difference is most likely due to matrix effects from other plasma components, which 

arise when measuring concentrates against plasma, so we would not expect to see this difference 

when using a concentrate IS to measure a concentrate product.  An established concentrate IS 

would eliminate the need to measure concentrates against plasma in the future, and we would 

therefore expect results to become independent of the method.  This highlights the importance of 

establishing separate plasma and concentrate IS.   

 

Another laboratory expressed some concern over the variation of potency estimates for sample B.  

In response to this, taking the GCV as a measure of overall variation, at 12.8 % this is an 

acceptable range and typical of this type of study.  Much of this variation will be down to the 

natural variation between the different 'normal' plasma pools used by each laboratory, and this is 

an intentional part of the study design.  The additional variation observed in the concentrate 

standard is likely to be caused by matrix effects from other components of the plasma, which 

will also vary between different plasma pools.  As was observed there may also have been some 

bias introduced by the different methods, with Berichrom tending to produce higher potency 

estimates than Technochrom.  This observed variation between the potency estimates for the 

concentrate standard highlights the need for a common International Standard, which should 

greatly reduce the variation between different labs, and eliminate any bias introduced by the 

assay method.  Future replacement standards will be calibrated against the previous (plasma vs 

plasma, and concentrate vs concentrate), and we would expect significantly less variation in 

these studies 

 

The issue of future replacement standards being calibrated relative to the previous standard was 

raised by another laboratory, questioning how the gradual shift of the standard potency will be 

prevented.  In response, predictions on the stability of reference materials at the storage 

temperature of -20 °C are made based on the activity of accelerated degradation samples stored 

at elevated temperatures and monitored over time.  Typically, lyophilised reference materials are 

very stable, and any predicted or observed losses are very small compared to normal assay 

variation.  For C1-inh we can also measure any drift in the unit by comparing the relative 

activities of the concentrate and the plasma standards.  We would expect the concentrate 

standard to be more stable and this can be used to monitor any loss of potency in the plasma 

standard.  Another measure often taken when standards are replaced is to again include a fresh 

normal plasma pool in the assays, and this may help to detect activity loss in the standards and 

any drift in the unit relative to normal plasma levels.  

 

Other specific comments related to the choice of weighted or semi-weighted combination 

depending on the p-value for homogeneity, questioning whether the null hypothesis should be 
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‘homogeneity’.  The approaches used for assessment of homogeneity and combination of 

potencies follows the methods described by the European Pharamacopoeia
4
 and, using the 

Combistats software it is suggested that ‘when the p-value for homogeneity is more than 0.100 

the confidence intervals are sufficiently homogeneous to use the weighted combination; and if 

the p-value is less than 0.100, the confidence intervals tend to be heterogeneous and it would be 

better to use the semi-weighted combination’.  In the final comment one participant questioned 

the high precision of the residual moisture determination using such a low fill weight.  In 

response a full description of the colourimetric Karl Fischer titration used, and the procedures 

followed, was provided by the responsible scientist at NIBSC (P. Matejtschuk, personal 

communication). 

 

Expert review by the Plasma Kallikrein-Kinin System 

Subcommittee of the SSC/ISTH 
Expert opinion was sought from a panel of experienced scientists selected by the chair of the 

Plasma Kallikrein-Kinin System Subcommittee of the SSC of the ISTH.  Responses were 

received by 10 of the 15 experts approached and all agree with the proposals.     

 

Among the specific comments made, one expert commented “it is a bit concerning that the 

Berichrom assay read consistently higher than the Technochrom assay for Candidate B.  In this 

regard it would be interesting to know what assays were used by Laboratories A, B, C and D in 

their assessment of the trial fill samples SS-110 and SS-113”.  The purpose of testing the trial fill 

samples in the first assessment was to test the performance of the two candidate materials, and 

the suitability of the formulation and lyophilisation conditions.  To this purpose, laboratories A, 

B, C and D were asked to use their routine method and in-house reference standard.  Since the 

same methods were used to assay both trial samples, the mean potencies assigned to each sample 

are comparable.  The difference in potency between the trial samples should therefore reflect the 

relative difference in C1-inh content, and not the assay method used.  The apparent difference 

between the results using the Berichrom assay and the Technochrom assay in the main study is 

most likely to be caused by measuring a concentrate sample relative to a plasma standard.  

Introducing a concentrate IS should eliminate any method bias and improve variability, and this 

was observed when the trial samples were re-assessed using the same in-house methods but with 

Candidate B as standard. 

 

The same expert also commented “it was stated that potencies determined using the standard 

were up to 18 % lower than expected compared to normal plasma standards.  Could this be 

related to the specific assay used by Laboratories A, B, C and D?”  This 18 % difference relates 

to the normal human reference plasma from Siemens (Germany), which was included by some 

laboratories in assays to assess the impact of establishing candidate B as the concentrate IS.  The 

source of this difference could be influenced by the assay method, as appeared to be the case in 

the main study where plasma and concentrate samples were compared, but will also be caused by 

natural variation in C1-inh levels in different normal plasma pools.  Establishing an IS for C1-

inh plasma will eliminate this source of variation since future reference plasma standards will be 

calibrated relative to the plasma IS.  Furthermore the results of assays measuring plasma samples 

relative to a plasma standard are independent of the assay method, and it will no longer be 

necessary to include plasma and concentrate samples in the same assay. 

 

The SSC/ISTH business meeting in Cairo, Egypt, 25 May 2010,  endorsed the proposal of the 

two candidate preparations, coded 08/262 and 08/256, to the WHO Expert Committee on 

Biological Standardization for establishment of the WHO 1
st
 International Standards for plasma 

and concentrate.  . 
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Table 1.  Mean C1-Inhibitor potencies of plasma sample A (IU per ampoule) for each 
laboratory relative to local normal plasma pools.  Potencies are calculated from the geometric 

mean results of all valid assays returned from each laboratory.  The overall geometric mean is 

also shown, together with the 95 % confidence interval (CI), and geometric coefficient of 

variation of laboratory means (GCV %) 

 

 

Laboratory 

number
∗
 

Number 

of assays 

Sample A 

geometric 

mean C1-inh 

potencies (IU 

per ampoule) 

95 % 

Confidence 

interval 

Geometric 

mean 
95 % CI 

GCV 

(%) 

1 4 0.952 0.925 – 0.979 

2 3 1.051 1.000 – 1.105 

3 4 0.884 0.846 – 0.923 

4 4 0.880 0.860 – 0.900 

5 2 0.900 0.844 – 0.961 

6 2 0.978 0.895 – 1.068 

7 3 0.827 0.738 – 0.927 

8 4 0.913 0.894 – 0.932 

9 8 0.987 0.970 – 1.010 

10 4 0.881 0.867 – 0.895 

11 4 0.760 0.730 – 0.791 

12 4 0.857 0.801 – 0.917 

13 4 0.882 0.801 – 0.971 

14 4 0.886 0.839 – 0.937 

15 4 0.866 0.842 – 0.890 

16 4 0.741 0.726 – 0.755 

17 4 0.958 0.884 – 1.038 

18 4 1.059 0.944 – 1.119 

19 8 0.845 0.788 – 0.905 

20 4 0.915 0.901 – 0.929 

21 4 1.018 0.922 – 1.123 

22 4 0.868 0.814 – 0.925 

23 4 0.750 0.703 – 0.801 

24 4 0.909 0.867 – 0.952 

25 2 0.810 0.712 – 0.922 

0.891 0.857- 0.927 9.936 

Total = 100 
 

*
Excluded laboratories are not listed
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Figure 1.  Mean C1-Inhibitor potencies of sample A (IU per ampoule) for each laboratory 
relative to local normal plasma pools.  Error bars represent the intralaboratory 95 % 

confidence interval.  The overall geometric mean is represented by a dashed line. 

 
 

Figure 2.  Distribution of results for C1-Inhibitor potency of sample A relative to local 
normal plasma pools.  Columns represent the number of laboratories with results in the 

corresponding C1-inh concentration range.  Each box represents the mean result for an 

individual laboratory; the number identifies the laboratory code, and the shading represents the 

assay method used. 

 

 

Potency (IU per ampoule)

0
.7

5

0
.8

0

0
.8

5

0
.9

0

0
.9

5

1
.0

0

1
.0

5

N
u
m

b
e
r 

o
f 
la

b
o
ra

to
ri

e
s

0

1

2

3

4

5

6

7

8

Technochrom

Berichrom

MicroVue

In-house

23

16

11

25 7 12

19 4

10

14

22

15

3

13

5

24

8

20

1

17

6

9

2

18

21

 



WHO/BS/10.2144 

Page 19 
 

 

Table 2.  Mean C1-Inhibitor potencies of sample B (IU per ampoule) for each laboratory 
relative to local normal plasma pools.  Potencies are calculated from the geometric mean 

results of  all valid assays returned from each laboratory.  The overall geometric mean is also 

shown, together with the 95 % confidence interval (CI), and geometric coefficient of variation o 

laboratory means (GCV %) 

 

 

Laboratory 

number
*
 

Number 

of assays 

Sample B 

geometric 

mean C1-inh 

potencies (IU 

per ampoule) 

95 % 

Confidence 

interval 

Geometric 

mean 
95 % CI 

GCV 

(%) 

1 4 11.817 
11.517 – 

12.126 

2 - - - 

3 4 10.262 9.859 – 10.682 

4 4 7.967 7.775 – 8.163 

5 2 10.105 9.511 – 10.735 

6 2 8.127 7.343 – 8.995 

7 3 9.114 7.509 – 11.061 

8 4 11.681 
11.357 – 

12.015 

9 8 10.595 
10.437 – 

10.755 

10 4 10.101 9.836 – 10.374 

11 4 9.204 8.956 – 9.459 

12 4 10.346 9.719 – 11.013 

13 4 8.920 7.517 – 10.584 

14 - - - 

15 4 9.164 8.752 – 9.595 

16 4 7.289 6.684 – 7.950 

17 3 8.899 8.105 – 9.770 

18 4 9.055 8.518 – 9.627 

19 8 10.598 9.927 – 11.315 

20 4 10.064 9.920 – 10.210 

21 - - - 

22 4 9.787 9.211 – 10.400 

23 4 9.989 9.158 – 10.895 

24 4 10.876 
10.535 – 

11.228 

25 2 8.650 7.646 – 9.785 

9.598 
9.097 – 

10.126 
12.844 

Total = 88 

 
*
Excluded laboratories are not listed 
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Figure 3.  Mean C1-Inhibitor potencies of sample B (IU per ampoule) for each laboratory 
relative to local normal plasma pools.  Error bars represent the intralaboratory 95 % 

confidence interval.  The overall geometric mean is represented by a dashed line. 

 

 
 

Figure 4.  Distribution of results for C1-Inhibitor potency of sample B relative to local 
normal plasma pools.  Columns represent the number of laboratories with results in the 

corresponding C1-inh concentration range.  Each box represents the mean result for an 

individual laboratory; the number identifies the laboratory code, and the shading represents the 

assay method used. 
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Appendix A. 
 

Trial study 
Prior to the main collaborative study, four laboratories performed C1-inh potency assays on trial 

concentrate and plasma samples.  Two concentrate trial fills and two freeze-dried plasma 

samples were provided and each laboratory was requested to measure the C1-inh content using 

their routine method and in-house standard.   

 

Materials 
 

Trial C1-inh concentrate samples 
Commercial C1-inh therapeutic products were provided by Sanquin (Amsterdam, The 

Netherlands) and CSL Behring (Marburg, Germany) for the trial study.  Both products were 

diluted to a final concentration of 10 U/ml in 10 mM Hepes buffer (pH 7.4) supplemented with 

0.15 M sodium chloride and 5 mg/ml human serum albumin.  Approximately 100 ampoules of 

each preparation were filled and lyophilised at NIBSC and coded anonymously as SS-110 and 

SS-113.  SS-110 was filled with 1.0 ml in 5 ml ampoules; SS-113 was filled with 0.5 ml in 3 ml 

ampoules.  Details of the fills are detailed below: 

 

NIBSC code SS-110 SS-113 

Fill weight (g) 1.0109 0.5054 

CV (%) 0.1 0 

Dry weight (g) 0.0230 0.0109 

CV (%) 1.96 3.0 

Residual moisture (% w/w) 0.16 0.41 

CV (%) 9.3 N.A. 

 

Trial C1-inh plasma samples 
Two freeze-dried plasma samples were used in the trial study: the 1

st
 WHO International 

Standard for Factor XI, plasma (04/102); and an unassigned NIBSC freeze-dried plasma 

(07/114).  04/102 (1 ml in 5 ml ampoules) was a possible candidate to dual label with a C1-inh 

potency alongside the FXI potency.  07/114 (0.5 ml in 3 ml ampoules) was a putative alternative 

candidate.  For both materials the normal human plasma was sourced from the UK Blood 

Authority (North London Blood Transfusion Centre, Colindale), and both were formulated to a 

final concentration of 40 mmol/L HEPES.  04/102 also contained 1 % glycine. 

 

Results 
 

Trial C1-inh concentrate samples 
All four laboratories returned results for both concentrate trial fill samples, which are 

summarised in the table below.  The results from laboratory C appeared to oppose the trend of 

results for the other laboratories, with a higher result for sample SS-113 than SS-110.  This result 

was questioned, but the laboratory had no reason at the time to suppose the samples had been 

accidentally switched. 
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Sample Laboratory 
Number of 

assays 

Geometric 

mean result 

Geometric 

standard 

deviation 

GCV (%) 

Combined 

result 

(GCV %) 

A 4 10.814 1.059 5.91 

B 3 12.000 1.008 0.84 

C 3 7.888 1.028 2.84 
SS-110 

D 12 12.172 1.020 1.97 

10.57 

(22.36) 

 

A 4 8.540 1.057 5.72 

B 3 8.600 0.000 0.00 

C 3 11.690 1.061 6.10 
SS-113 

D 11 8.906 1.023 2.32 

9.35 

(16.18) 

 

Trial C1-inh plasma samples 
Three of the four laboratories returned results for the plasma samples.  The routine method of 

Laboratory D was optimised for concentrate products.  To complete the testing would have 

required very large plasma sample volumes, and there were insufficient ampoules provided for 

this. 

 

Sample Laboratory 
Number of 

assays 

Geometric 

mean 

result 

Geometric 

standard 

deviation 

GCV (%) 

Combined 

result 

(GCV %) 

A 4 0.817 1.033 3.31 

B 3 0.963 1.006 0.60 04/102 

C 3 0.916 1.026 2.57 

0.90 

(8.79) 

 

A 4 0.759 1.603 6.27 

B 3 0.860 1.041 4.06 07/114 

C 3 0.752 1.070 6.97 

0.79 

(7.78) 

 

Conclusions 
No laboratories reported any issues with any of the samples, and all assay results were reported 

as valid and passed internal QC criteria.  The intra-laboratory variation, reflected in the CV 

values for each set of results, was low for all samples. 

 

The source material for either concentrate sample (SS-110 or SS-113) could serve as a candidate 

international standard in the collaborative study.  Equally, either 04/102 or 07/114 would be 

suitable as candidate plasma standards. 
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Appendix B. 
Draft instructions for use (IFU) for the proposed WHO 1

st
 IS for C1-inhibitor, 

concentrate (08/256) and plasma 08/262). 
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