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Summary 
 

Two candidate preparations of infliximab were formulated and lyophilized at NIBSC prior to 

evaluation in a collaborative study for their suitability to serve as an international standard for 

the in vitro biological activity of infliximab. The study involved twenty six participants using in 

vitro cell-based bioassays (TNF-α neutralization, antibody dependent cellular cytotoxicity and 

complement dependent cytotoxicity) and binding assays.  Additionally, human serum samples, 

spiked with differing amounts of the two infliximab preparations, were assessed to evaluate the 

suitability of the candidate preparation for use in harmonizing methods currently in use for 

determining serum trough levels of infliximab in treated patients. 

 

The results of this study suggest that the candidate preparation, coded 16/170, is suitable to serve 

as an international standard for infliximab bioactivity based on the data obtained in this study. 

Since infliximab inhibits the biological activity of TNF-α, this study also provides an indication 

of the inhibitory activity of infliximab in terms of the biological activity of TNF-α based on 

ED50 data derived from a limited number of laboratories using two different cytotoxicity assays 

(L929 and WEHI-164). 

 

On the basis of limited data, the candidate coded 16/170 appears suitable for qualification of in 

house standards for tests used for therapeutic drug monitoring of infliximab in treated patients. 

However, a further study may be required to facilitate harmonization in clinical practice. 

 

Therefore, it is proposed to the ECBS that the candidate standard, coded 16/170 be established as 

the first International Standard for Infliximab with assigned values per ampoule of 500 IU of 

TNF- neutralising activity and 500 IU of binding activity. 

 

This infliximab International Standard is intended to support in vitro bioassay calibration and 

validation by defining international units of bioactivity. The proposed unitages, however, are not 

intended to revise product labelling or dosing requirements, as any decisions regarding this relies 

solely with the regulatory authorities. Furthermore, the infliximab International Standard is not 

intended for defining specific activity of products, nor to serve any regulatory role in defining 

biosimilarity.    
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Responses from study participants 

 

Participants were requested to comment on establishment of the proposed candidate 16/170 as 

the 1
st
 International standard for Infliximab and on independent assignment of 500 IU for each of 

the different bioactivities attributed to Infliximab e.g., TNF-neutralization, binding, antibody 

dependent cellular cytotoxicity (ADCC) and complement dependent cytotoxicity (CDC).  

Responses were obtained from fifteen of the twenty-six participants. All agreed with the 

establishment of the proposed candidate 16/170 as the 1
st
 International standard for Infliximab. 

Although three participants did not comment on unitage assignment, there was general 

agreement for the proposed unitage for TNF-neutralization (n=12) and for binding (n=11), 

however, there was no consensus on assignment of unitages for ADCC and CDC. Four 

participants did not agree with unitage assignment for ADCC and CDC activity and two of the 

six that agreed with unitage assignment expressed concerns due to the limited data available 

from the study. Since there was no overall consensus regarding unitage assignment for ADCC 

and CDC, the proposal has been altered to reflect the varied opinions with no unitages assigned 

to ADCC and CDC. 

 

One participant requested clarification on the equation for inhibitory activity, while another 

sought information on practice regarding in-house standards in various laboratories, stability 

studies and the replacement strategy for the International standard for Infliximab and these points 

have been addressed. Minor comments relating to typographical errors or corrections in the 

expression system for one of the study preparations, the names of participants and their address 

details and queries about data were also received. All minor amendments have been corrected in 

the report. 

 

Regarding therapeutic drug monitoring (TDM), responses were received from three of the six 

participants who tested the spiked samples and the unanimous view was that the international 

standard should be recommended as the reference standard for use in qualification of internal 

reference standards for tests used for TDM using the nominal mass content of the ampoule as the 

basis of measurement rather than the international unit. Therefore, appropriate wording to reflect 

this view and the need to evaluate the utility of the international standard for TDM has been 

incorporated in the discussion. 

 

Introduction 

Monoclonal antibodies (mAbs) constitute a rapidly expanding product class of biological 

medicines. Over the preceding two decades, therapeutic mAbs have been developed with high 

specificity towards many protein targets that modulate disease.  Coupled with recombinant DNA 

technology which allows large amounts of mAbs to be produced, they have revolutionised the 

treatment of disease, particularly auto-immune related conditions and cancer.  In 2014, five of 

the top 10 best-selling pharmaceuticals were mAbs (1); two of these, Remicade® (INN- 

infliximab, Johnson and Johnson) and Humira® (INN - adalimumab, AbbVie) belonging to a 

class of mAbs known as anti-tumor necrosis factor (TNF) drugs.  These mAbs act as competitive 

inhibitors of soluble TNF-α preventing it from binding to TNF cell surface receptors (TNFR1 
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and TNFR2) (2), thereby reducing the biological activity of TNF through inhibiting resultant 

pro-inflammatory signalling in leukocytes.  As a result, they have been extremely successful in 

the treatment of various autoimmune diseases or disorders associated with increased TNF-α and 

resultant excess inflammation. 
 

Infliximab,  the first anti-TNF-α mAb to be developed, is a chimeric mAb consisting of human 

IgG1 heavy chain and kappa light chain constant regions with fused mouse variable regions (2).  

It contains a single N-linked glycosylation site at Asn300 and no O-linked glycosylation sites (3–

5).  This results in a molecular weight of approximately 149 kilo Daltons.  Infliximab was 

approved by the US Food and Drug Administration (FDA) in August 1998 and by the European 

Medicines Agency (EMA) in August 1999 and became a block buster product with global sales 

for 2014 in excess of $10bn (1).  Current therapeutic indications include rheumatoid arthritis (in 

combination with methotrexate), Crohn’s disease (both adult and pediatric), ulcerative colitis 

(both adult and pediatric), ankylosing spondylitis, psoriatic arthritis and psoriasis (EMA EPAR- 

infliximab (6)). 

 

With recent patent expiration in Europe (February 2015) and imminent expiry in the US 

(September 2018), it is a lucrative target for manufacturers developing several biosimilar 

infliximab products (7) (8). Biosimilar infliximab products are already approved in the EU and 

the USA (Remsima® and Inflectra® developed by Celltrion and Hospira; Flixabi®/Renflexis® 

developed by Samsung Bioepis/Merck) as well as several other countries worldwide (product 

and Authorisation data is summarised in Appendix Table A1 (9)). 

 

In response to this biosimilar activity, WHO has recognized a global need for standardization of 

biotechnology products as a control measure to ensure safety, quality and efficacy (10). 

Availability of a WHO international reference standard for infliximab, with a bioactivity 

expressed in international units, would facilitate determination of biological activity of intended 

copies or potential biosimilars and enable harmonization of the biological activities of infliximab 

products (11–13) ensuring patient access to products which are consistent in quality and 

effectiveness. Consistent with this, the current standard is being developed in collaboration with 

the European Pharmacopoeia.  

 

Despite its clinical and commercial success, there are safety and efficacy issues surrounding 

infliximab  (14).  For Crohn’s disease patients treated with anti-TNF-α mAbs, 10–30% of 

patients do not respond to the initial treatment and 23–46% of patients lose response over time 

due to unwanted immunogenicity (15).  To try and address this in an attempt to stratify 

therapeutic regimes, therapeutic drug monitoring (TDM) to rationalize treatment strategies is 

now being considered for recommendation by several professional bodies, including the 

American Gastroenterology Association (guidelines expected summer 2017), European Crohn’s 

and Colitis Association, European League Against Rheumatism and French Society of 

Rheumatology.  In the UK, the National Institute for Health and Care Excellence (NICE) has 

also published guidelines on TDM along with recognising the need for standardization of the 

assays (NICE diagnostics guidance [DG22] (16)).  Studies have shown that monitoring of 

infliximab serum trough levels as a basis for clinical decision making has increased both 

therapeutic and cost effectiveness in a number of indications including RA and IBD (17, 18) (19) 

Commercially available enzyme linked immunosorbent Assays (ELISA) (20) (21) or newly 
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developed mass spectrometry methods using Isotope Dilution mass spectrometry (IDMS) 

techniques (22) are currently used to monitor serum drug trough levels.  In each of these methods 

commercial Remicade ® is used as an in house (IH) standard to calibrate the assays.  The 

availability of an international reference standard would serve to qualify the in-house reference 

standards thus globally harmonizing therapeutic infliximab monitoring. 

 

We have evaluated two infliximab preparations in an international collaborative study with the 

aim of selecting a suitable standard for measuring the bioactivity of infliximab products.   In 

addition, a panel of thirty human serum samples (derived from two pooled normal human sera), 

spiked with differing amounts of the two infliximab preparations, were assessed to evaluate the 

suitability of the lyophilised preparations for use in harmonization of methods in current use for 

determining infliximab serum trough levels. 

 

Based on its categorization as a TNF-α antagonist, this project was endorsed by the WHO Expert 

Committee on Biological Standardization in October 2012. 

 

Aims of the Study 
 

The purpose of the study was to characterize a candidate WHO 1
st
 International Standard (IS) for its 

suitability in cell-based bioassays and binding assays for infliximab and assign a unitage for activity. 

To achieve this, the study sought  

 

 To assess the suitability of ampouled preparations of infliximab to serve as the 1st IS for the 

bioassay of infliximab by assaying their biological activity in a range of routine, 'in-house' 

bioassays.  

 

 To assess the relative activity of the ampouled preparations in different assays (e.g. bioassays, 

immunoassays etc.) in current use for these materials and to determine, if possible, 

concentrations of infliximab required to neutralise specific amounts of TNF-α IS. 

 

 To compare the ampouled preparations with characterised 'in-house' laboratory standards where 

these are available. 

 

In addition to the above, the ampouled preparations were assessed, by selected participants, for their 

suitability in assays currently in use for determining infliximab serum trough levels. 

 

Participants  
 

A total of 28 participants from 14 different countries were dispatched samples and 26 returned 

data which contributed to the study (Appendix Table A2). The participants included 6 

pharmaceutical companies, 2 contract research organisations, 7 regulatory/control laboratories, 2 

pharmacopeias’, 2 commercial laboratories, 1 academic laboratory, 3 product kit manufacturers 

and 3 clinical diagnostic laboratories. 
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Materials and Processing 
 

A preparation of recombinant infliximab, from a single batch of bulk drug substance was kindly 

donated to WHO (see Acknowledgement) and a commercial batch of Remicade® (Janssen) was 

purchased to act as a comparator.  
 

Trial fills were conducted using two different formulations; A) 10mM Tris, pH 7.4, 4% D-

Mannitol, 1% Sucrose, 0.2% Human serum albumin and B) 25mM Sodium citrate tribasic 

dihydrate, pH 6.5, 150mM Sodium chloride, 1% Human serum albumin. The biological activity 

of the lyophilized preparations was compared with the bulk material in a cytotoxicity assay and a 

reporter gene assay. Formulation B was selected for the final lyophilizations of the two preparations 

as this retained more biological activity relative to the bulk material than the formulation containing 

sucrose and mannitol in both assays.   

 

Final lyophilizations of the candidate and comparator B were carried out at NIBSC using ECBS 

guidelines (23). For this, buffers and excipients (final compositions as shown in Table 1), were 

prepared using nonpyrogenic water and depyrogenated glassware and solutions filtered using sterile 

nonpyrogenic filters (0.22M Stericup filter system, Millipore, USA) where appropriate. 

 

For the study, the two preparations were coded as described (Table 1). The nominal mass content 

of the protein in the ampoules, given as ‘predicted g’ in Table 1, is calculated from the dilution 

of the bulk material of known protein mass content as provided by the manufacturer. 

 

For both preparations, a solution of infliximab at a theoretical protein concentration predicted to 

be 50g/ml was distributed in 1 ml aliquots into 5 ml ampoules and lyophilised under optimised 

and controlled conditions. The glass ampoules were sealed under dry nitrogen by heat fusion and 

stored at -20 °C in the dark until shipment at room temperature.  

 
 

 Table 1: Materials used in final infliximab candidate preparations
1 

 

Ampoule 

code 
Fill date 

Study 

code 

No Of 

Ampoules 

in Stock 

Protein 

(Predicted 

Mass - g) 

Protein 
Expression    

System 
Excipients 

16/160 17/06/16 B ~4000 50 

Infliximab 
Sp2/0 

 

25mM Sodium 

citrate tribasic 

dihydrate, pH 6.5, 

150mM Sodium 

chloride, 1% 

Human serum 

albumin 

16/170 24/06/16 A, C ~7000 50 

 
1
The products will be stored at -20

o
C at NIBSC who will act as the custodian. 
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Characterisation of the lyophilised preparations 
 

For each fill, a percentage of ampoules were weighed, residual moisture of each preparation was 

measured by the coulometric Karl-Fischer method (Mitsubishi CA100) and the headspace 

oxygen content was determined by frequency modulated spectroscopy using the Lighthouse 

FMS-760 Instrument (Lighthouse Instruments, LLC).  The mean fill weights, moisture content 

and headspace oxygen content, which is a measure of ampoule integrity, are reported in Table 2.  

Testing for microbial contamination using the total viable count method did not show any 

evidence of microbial contamination. 

 

Table 2: Mean fill weights and residual moisture content of Infliximab preparations 

 

Ampoule 

Code 

Mean Fill 

weight g 

(n) 

 

Coefficient 

of Variation 

Fill weight 

% 

Mean 

Residual 

Moisture % 

(n) 

Coefficient 

of Variation 

Residual 

Moisture% 

Mean 

Headspace 

Oxygen % 

(n) 

Coefficient 

of Variation 

Headspace 

Oxygen % 

16/160 1.0076 

(152) 

 

0.194 0.832 (12) 25.71 0.31 (12) 22.55 

16/170 1.0103 

(541) 

 

0.147 

 

0.748 (12) 21.17 0.24 (12) 22.68 

 

Preparation of spiked human serum samples 
 

Two pooled normal human sera were purchased from First Link and Sigma respectively.  Thirty 

samples were prepared in pooled serum containing 16% PBS (to maintain a consistent matrix 

dilution for all samples) and spiked with either reconstituted solution of candidate A or 

comparator B, Remicade® or Humira® in amounts shown in Table 3. The samples were stored 

frozen at -40°C until despatch or use. 

 

Study Design 
 

Participating laboratories were provided with a sample pack, which consisted of 5 ampoules each 

of the study samples A-C, for each different type of assay they were undertaking.  Sample A 

(code 16/170) and sample B (code 16/160) are lyophilised preparations of infliximab from two 

different manufacturers and sample C is a coded duplicate of sample A (code 16/170).  In order 

to reduce assay variability arising from use of human TNF-from different suppliers, 

participants undertaking TNF-α neutralization assays were provided with 5 ampoules of the 3
rd

 

TNF-α IS (coded 12/154) for the bioassays. 

 

Prior to performing the assays for the study, participants were advised to perform a pilot assay 

using the study samples for each of the assay types they intended to undertake to ensure appropriate 
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assay conditions and optimal dose response curves.  For TNF-α neutralization bioassays, 

participants were also advised to select a suitable dose of TNF-α. 

 

Following establishment of suitable conditions, participants were asked to assay all samples 

concurrently on a minimum of three separate occasions using their own routine methods, within 

a specified layout which allocated the samples across 3 plates and allowed testing of replicates as 

per the study protocol (Appendix 2).  It was requested that participants perform at least 8 

dilutions of each preparation using freshly reconstituted ampoules for each assay and include 

their own in-house (IH) standard where available on each plate.  Participants were requested to 

return their raw assay data, using spreadsheet templates provided, and also their own calculations 

of potency of the study samples relative to preparation A or their own in-house standard. 

 

Table 3:  Details of spiked serum samples 

 

Serum 1 First Link: product 20-00-810 (batches HSS7801; HSS6400 HSS7897) 

Serum 2 Sigma: product H6914 (batches SLBN5166V; SLBS3405V) 
 

Concentration 

µg/ml
1 

Serum 1 

16/170 

Serum 1 

16/160 

Serum 2 

16/170 

Serum 2 

16/160 

Serum 1 

Remicade® 

Serum 1 

Humira® 

8 NS 1 NS 6 NS 11 NS 16 NS 21 NS 26 

4 NS 2 NS 7 NS 12 NS 17 NS 22 NS 27 

2 NS 3 NS 8 NS 13 NS 18 NS 23 NS 28 

1 NS 4 NS 9 NS 14 NS 19 NS 24 NS 29 

0.5 NS 5 NS 10 NS 15 NS 20 NS 25 NS 30 
 

1 
Concentrations of 16/160 and 16/170 are diluted from a reconstituted ampoule of lyophilised 

material, assumed to be nominally 50µg/ml. Remicade® and Humira® are diluted from 

formulated product. 

 

For binding assays, participants were requested to use their proprietary assay kits or in-house 

assays to assess the binding to human TNF-α of the three candidate preparations and their in-

house standard using serial dilutions.  Participants were requested to perform three independent 

assays on three separate occasions and return raw data in a format that was appropriate for the 

assay technique used. 

 

Participants determining the amount of infliximab spiked into normal human serum samples 

were requested to do so using their proprietary kits or in-house methods for assaying clinical 

serum samples.  In addition, for each independent assay they were requested to assay serial 

dilutions of their in house standard and of infliximab candidate A.  Participants were requested to 

return estimates of the amount of infliximab in each sample (with any estimates of error) and the 

raw data for each sample and information on the dilutions of candidate and in-house standard. 

 

Statistical analysis 
 

An independent statistical analysis of all bioassay data was performed at NIBSC. Analysis of 

dose-response curve data was performed using a four-parameter logistic (sigmoid curve) model  
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y =  α −  
δ

1 +  10β(log10x− log10γ)
 

 

 
where y denotes the assay response, x is the concentration, α is the upper asymptote, δ is the 

difference between upper and lower asymptotes,  is the slope factor and γ is the ED50 (50% 

effective concentration). Assay responses (absorbance, luminescence etc.) were log10 

transformed for all neutralization assays.  For binding, ADCC and CDC assays no transformation 

of assay response was used. 

 

For neutralization assays, models were fitted using the R package ‘drc’. Parallelism (similarity) 

for a pair of dose-response curves was concluded by demonstrating equivalence of the 

parameters α,  and δ. For this approach, differences in these parameters for the two samples 

under consideration were calculated and approximate 90% confidence limits for these 

differences (dL, dU) were determined using the delta method. Extreme values, defined as 

max(dL,dU) were calculated and equivalence concluded in cases where these were below pre-

defined upper equivalence bounds. The calculated upper equivalence bound values and the 

rationale for determining them is described in the Results section of this report. 

 

As the binding, ADCC and CDC assays were performed by fewer laboratories, analysis was 

performed using CombiStats v5.0 (24) and the validity of the assays was concluded when no 

significant non-parallelism (p<0.01) was found by analysis of variance. In cases where 

significant non-parallelism appeared to result from low or underestimated residual variability, 

correlation coefficients were confirmed to be >0.985 (R
2
>0.97) and slope ratios confirmed to be 

within the range [0.90,1.11] before potency estimates were accepted as valid. 

 

Relative potency estimates were calculated as the ratio of ED50 estimates in all cases where 

acceptable parallelism was concluded. All relative potency estimates were combined to generate 

unweighted geometric mean (GM) potencies for each laboratory and these laboratory means 

were used to calculate overall unweighted geometric mean potencies.  Variability between assays 

and laboratories has been expressed using geometric coefficients of variation (GCV = {10
s
-1} × 

100% where s is the standard deviation of the log10 transformed potencies).  

 

Stability studies 
 

Accelerated degradation studies were performed to predict the long-term stability of the 

candidate standard. Ampoules of the lyophilised preparation were stored at different 

temperatures, namely 45 °C, 37 °C, 20 °C and 4 °C and tested at indicated time points together 

with ampoules stored at the recommended temperature of -20 °C and -70 °C as baseline 

reference temperature. There was no observed loss in potency so no attempt to predict 

degradation rates has been undertaken.  Real time monitoring of stability is ongoing. 
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Results 
 

Data returned for analysis 

 

Results were received from 26 laboratories. Participating laboratories have been assigned code 

numbers allocated at random, and not necessarily representing the order of listing in Appendix 

A2 to retain confidentiality in the report. 

 

Assay Methods 

 

A summary of the assay methods used in the study is given in Tables 4 and 5.  

 

Table 4A: Brief details of TNF-α neutralization bioassays contributed to the study 

 

Lab 

Code 

Bioassay 

Cell Line 

Assay 

Type 
TNF-

 

(IU/ml)
 

Assay 

Period 

(hrs) 

Assay Readout 
Readout 

Reagent 

1 HEK 293 Rep-Gene 50.0 24 Luminescence Steady Glo 

2 WEHI-164 Cytotoxicity 40.0 20 Absorbance WST-8 

3 L929 Cytotoxicity 2.7 ng/ml
1 

18-24 Luminescence Cell Titer Glo 

4 L929 Cytotoxicity 10 22-24 Luminescence Cell Titer Glo 

5 L929 Cytotoxicity 7.2 18-24 Absorbance CCK-8 

5 WEHI 164 Cytotoxicity 21.5 18-24 Absorbance MTS 

6 L929 Cytotoxicity 15 18-24 Absorbance CCK-8 

7 L929 Cytotoxicity 20 18-24 Absorbance CCK-8 

8 L929 Cytotoxicity 20 18-24 Absorbance Alamar Blue 

8 WEHI-164 Cytotoxicity 40 20-24 Absorbance CCK-8 

8 KLJ Rep-Gene 40 4 Luminescence Steady-Glo Plus 

9 HEK 293 Rep-Gene 17.2 16-24 Luminescence Steady Glo 

10 L929 Cytotoxicity 20 18-22 Fluorescence Resazurin 

11 WEHI-164 Cytotoxicity 100 24 Absorbance MTS 

12 U937 Apoptosis 60 2.5 Luminescence Caspase Glo 3/7 

12 WEHI-164 Cytotoxicity 60 23 Absorbance WST-8 

13 WEHI-164 Cytotoxicity 40 20-24 Absorbance CCK-8 

14 WEHI-164 Cytotoxicity 2 19-24 Absorbance CCK-8 

16 L929 Cytotoxicity 20 24 Fluorescence Resazurin 

17 U937 Apoptosis 40 2.5 Luminescence Caspase Glo 3/7 

17 WEHI-164 Cytotoxicity 40 20-21 Absorbance MTS 

19 U937 Apoptosis 40 2.5 Luminescence Caspase Glo 3/7 

28 WEHI-164 Cytotoxicity 4.3 24 Absorbance MTS 
 

1
 Commercial preparation of TNF-α used instead of IS 12/154; Rep-gene – reporter gene 
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Table 4B: Brief details of ADCC and CDC bioassays contributed to the study 

 

Lab 

Code 
Effector cell Target Cell 

Effector:

Target 

ratio 

Assay 

Incubation 

time (hrs) 

Assay 

readout 

Readout 

reagent 

1 

NK92 cells 

expressing 

human Fcγ 

RIIIa 

3T3 cells 

expressing 

human 

membrane 

bound TNF-α 

1:1 4 Luminescence 
CytoTox-

Glo 

14 

Jurkat cells 

expressing Fcγ 

RIIIa and 

NFAT-

induced 

luciferase 

reporter gene 

(Promega) 

CHO-K1 

cells 

expressing 

human 

membrane 

bound TNF-α 

4:1 16-24 Luminescence Bio-Glo 

15 

Jurkat cells 

expressing Fcγ 

RIIIa and 

linked to a 

luciferase 

reporter gene 

HEK-293 

cells 

expressing  

human 

membrane 

bound TNF-α 

6:1 6 Luminescence Dual-Glo 

 

Lab 

Code 
Target cell 

Assay 

type 

Complement 

Source  

Assay 

Incubation 

time (hrs) 

Assay 

readout 

Readout 

reagent 

1 

Jurkat cells 

expressing 

human 

membrane-

bound TNF-

α 

Viability Human 4 Luminescence 
CytoTox-

Glo 

14 

Jurkat cells 

expressing 

human 

membrane-

bound TNF-

α 

Viability Human 18-22 Absorbance CCK-8 

 

For details of cell lines, see references (25, 26) 

 

A majority of participants (n=19) contributed bioassay data (Table 4).  For TNF-α neutralization, 

three different types of assays which included cytotoxicity assays based on the cytotoxic effect of 

TNF on murine fibroblast, L929 (27) or fibrosarcoma, WEHI-164  (28) cell-lines; apoptosis 
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assays using the human histiocytic lymphoma cell-line, U937 (29) and reporter gene assays using 

either K562 cells (30) or HEK-293 cells transfected with the TNF-α responsive NFκB regulated 

Firefly luciferase (FL) reporter-gene construct. Three participants performed ADCC assays, all 

using engineered cells expressing a non-cleavable mutant of membrane bound TNF-α as targets 

while effectors were either the natural killer cell line NK92 which lyses target cells upon 

activation (26) or reporter gene containing cells which luminesce in response to crosslinking of 

CD16 by infliximab (25) in the presence of cells presenting surface-bound TNF-α antigen.  Two 

participants performed CDC assays in which infliximab induces lysis of Jurkat cells expressing 

membrane-bound TNF-α (26) in the presence of complement. 

 

Table 5: Brief details of binding titration and other assays contributed to the study 

 

Lab 

Code 

Assay 

Platform 
Assay description Readout 

Specific for 

infliximab 

 Serum 

samples
1
 

1 FRET 

Europium labelled infliximab 

and Cy5 labelled TNF-α form 

fluorescent complex which is 

competitively inhibited by 

unlabelled infliximab 

Resonance 

energy transfer 
Yes No 

2 SPR 

Infliximab titrated onto chip 

coated with anti-Fc and fixed 

concentration of TNF-α 

passed over 

Response units 

at binding 

saturation 

N/A No 

18 SPR 
Affinity determination using 

single cycle kinetics 

Equilibrium 

dissociation 

constants 

N/A No 

8, 18 ELISA 

Plates coated with TNF-α, 

infliximab captured and 

detected with anti-Kappa 

chain-HRP and TMB 

substrate. 

Absorbance 

450nm 
No No 

22, 24, 

 27 
ELISA 

Plates coated with anti-TNF-

α, TNF-α captured, infliximab 

captured by bound TNF-α and 

detected by anti-infliximab-

HRP and TMB substrate 

Absorbance 

450nm 
Yes Yes 

23, 26 ELISA 

Plates coated with TNF-α, 

infliximab captured and 

detected with anti-IgG -HRP 

and TMB substrate 

Absorbance 

450nm 
No Yes 

25 IDMS
2 

Selected reaction monitoring 

(SRM) of infliximab peptides 

by LC-MS 

Peak area ratio Yes Yes 

1
Laboratories which also analysed the spiked serum samples; 

2
This technique allowed 

determination of the amount of infliximab in the coded samples.  
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TNF-α binding titrations performed by seven participants included ELISA, fluorescence 

resonance energy transfer (FRET) and surface plasmon resonance (SPR) based platforms are 

summarised in Table 5. Six participants determined the amount of infliximab in spiked human 

sera (Table 5) using ELISAs (five laboratories) and an IDMS mass spectrometry platform (one 

laboratory).  ELISAs were either developed in house or purchased as commercial kits and 

utilised either direct (TNF-α adsorbed onto the plate) or sandwich (anti-TNF-α adsorbed onto the 

plate capturing soluble TNF-α) formats and used either HRP conjugated anti-IgG1, HRP 

conjugated anti-kappa chain or HRP-conjugated anti-infliximab for detection.  While the latter is 

specific for infliximab, the others can detect the binding of any human IgG1 or kappa chain 

containing antibody.  The IDMS platform is based around liberating clonotypic peptides from 

infliximab in the serum samples through tryptic digestion and quantifying them against isotope 

labelled internal standard peptides (22). One participant determined dissociation constants for the 

interaction of the infliximab preparations and TNF-α using SPR. 

 

Assay validity 

 

The approach taken for the assessment of parallelism in the neutralization assays requires 

equivalence bounds to be set for each model parameter (α, β and δ), as described in materials and 

methods. For the purposes of analysis of this study, equivalence bounds were set separately for 

assays providing an absorbance response and those providing a luminescence response. As these 

parameters are expected to be equivalent when testing the same sample against itself, upper 

equivalence bounds were set as the 90th percentile of observed extreme values (as defined 

above) for the coded duplicate candidate preparation (samples A & C). Upper equivalence 

bounds and the percentage of invalid assays obtained using these values are summarised in 

Appendix Tables A3 and A4. For an assay to be concluded as valid, equivalence had to be 

demonstrated for all three parameters (α, β and δ). The percentage of invalid assays per lab is 

shown in Appendix Table A5 illustrating the wide range in relative performance of the 

participating laboratories using the defined equivalence criteria. In several laboratories (9/23 

cases), no invalid assays were found and in several others (7/23 cases) invalidity rates were 

≤25%. The majority of invalid assays were observed in the remaining laboratories (7/23 cases), 

in particular for participant 8 (3/23 cases, each using a different cell line). 

 

A further examination of data suggested that a log transformation of assay response was not the 

optimal choice for laboratory 8 and so re-analysis of data from this laboratory using no response 

transformation was performed using CombiStats 5.0 (24). A majority of assays (>90%) gave 

valid estimates of relative potency using this approach.  

 

For ADCC assays, no valid relative potency estimates were calculated for assays performed by 

laboratory 14 as only four dilutions of each sample were tested and neither a sigmoid curve nor a 

parallel line model could be fitted (due to lack of convergence or non-linearity respectively).  For 

laboratory 1 there was a technical issue with the assay media therefore this was excluded from 

the study.  The majority of ADCC assays from laboratory 15 gave valid estimates for some  

 



 

Table 6A:  Laboratory geometric mean relative potency estimates for neutralization assays 

 

Cell line Lab 

Potencies relative to candidate A Potencies relative to participants in-house reference 

Comparator B Coded duplicate C Candidate A Comparator B Coded Duplicate C 

GM GCV n GM GCV n GM GCV n GM GCV n GM GCV n 

293-NF 1 0.94 3.2% 3 1.00 4.0% 3 1.06 3.2% 3 1.00 1.6% 3 1.06 0.8% 3 

HEK293 C50 9 0.96 1.1% 3 0.99 0.9% 3 1.08 1.2% 3 1.03 1.6% 3 1.06 1.4% 3 

KLJ 8 0.90 2.4% 4 1.09 
 

2 0.93 2.9% 3 0.97 13.8% 6 1.11 6.4% 3 

L929 3 
      

0.60 15.4% 4 0.79 28.9% 4 0.92 20.3% 4 

L929 4 0.96 6.1% 3 1.02 4.1% 3 0.99 2.4% 3 0.95 6.9% 3 1.01 2.7% 3 

L929 5 0.99 7.5% 7 1.08 5.2% 8 1.02 5.6% 8 1.00 9.0% 8 1.10 8.2% 8 

L929 6 0.93 7.3% 7 0.97 12.2% 7 0.99 12.0% 7 0.92 7.1% 6 0.95 10.7% 7 

L929 7 0.94 3.6% 9 1.00 3.5% 9 1.01 3.6% 9 0.95 2.8% 9 1.01 3.5% 9 

L929 8 0.93 
 

1 
         

0.94 
 

1 

L929 10 0.99 5.1% 9 0.99 2.2% 9 1.01 3.6% 9 0.99 3.1% 9 1.00 3.3% 9 

L929 16 0.90 9.9% 12 0.94 10.1% 12 2.86 16.8% 9 2.59 14.1% 9 2.67 15.1% 9 

U937 12* 0.97 13.4% 6 1.02 18.1% 3 
         

U937 17 0.96 3.2% 9 1.02 4.7% 9 1.08 4.2% 9 1.03 4.4% 9 1.10 5.8% 9 

U937 19* 1.00 8.0% 8 1.09 13.8% 8 
         

WEHI 164 2 0.96 2.6% 8 1.03 3.3% 8 0.96 3.7% 9 0.93 2.5% 8 0.99 2.6% 8 

WEHI 164 5 0.95 6.3% 9 0.99 4.3% 9 1.09 6.1% 9 1.03 5.0% 8 1.08 6.7% 8 

WEHI 164 8 0.95 11.6% 8 1.05 9.7% 8 0.94 13.0% 4 0.88 
 

2 0.90 17.4% 3 

WEHI 164 11 0.97 4.0% 8 1.02 3.2% 10 1.00 4.8% 7 0.97 3.6% 7 1.02 2.3% 6 

WEHI 164 12* 0.94 8.2% 6 1.04 2.9% 6 
         

WEHI 164 13* 0.93 6.1% 9 1.00 4.8% 6 
         

WEHI 164 14 0.94 1.4% 3 0.98 3.8% 3 1.14 0.8% 3 1.07 2.2% 3 1.12 3.5% 3 

WEHI 164 17 0.95 5.5% 11 1.00 3.3% 10 1.07 4.9% 11 1.02 6.1% 11 1.07 4.7% 10 

WEHI 164 28 0.94 1.7% 6 0.98 2.4% 3 1.06 2.4% 9 0.99 1.9% 9 1.05 1.7% 9 

GM: Geometric Mean; GCV: Geometric Coefficient of Variation (%); n: Number of estimates used in calculation of GM and GCV; 

spaces denote either no valid estimates or absence of in-house standard;  * indicates labs with no in-house standard  
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Table 6B:  Laboratory geometric mean relative potency estimates for neutralization assays by laboratory 8, calculated using 

alternative assay response transformation 

 

Cell line Lab 

Potencies relative to Candidate A Potencies relative to in-house reference 

Comparator B Coded duplicate C Candidate A Comparator B Coded duplicate C 

GM GCV n GM GCV n GM GCV n GM GCV N GM GCV n 

KLJ 8 0.94 6.0% 12 1.02 8.9% 10 1.02 14.4% 11 0.97 12.5% 9 1.13 4.8% 9 

L929 8 0.94 3.8% 6 0.99 2.5% 6 0.81 10.8% 6 0.76 7.6% 6 0.80 10.5% 6 

WEHI 164 8 0.95 7.8% 14 1.00 8.3% 12 0.92 8.0% 11 0.87 11.8% 12 0.92 12.0% 12 

 

 

Table 6C: Laboratory geometric mean relative potency estimates for binding, ADCC and CDC assays 

 

Method Lab 

Potencies relative to Candidate A Potencies relative to participants in-house reference 

 B Coded Duplicate C Candidate A  B Coded Duplicate C 

GM 
GCV 

(%) 
n GCV 

GM 

(%) 
n GM 

GCV 

(%) 
n GCV 

GM 

(%) 
n GM 

GCV 

(%) 
n 

ADCC 15 0.92 9.0 4 1.02 19.2 6 0.91 23.8 6 0.95 18.6 4 0.91 26.3 7 

Binding 1 
      

1.05 
 

1 0.99 
 

1 1.04 
 

1 

Binding 2 1.01 3.3 3 0.97 4.3 3 
         

Binding 8 1.12 
 

2 1.15 9.5 3 1.08 
 

1 0.97 22.1 3 1.07 17.5 4 

Binding 18* 0.87 
 

2 1.01 
 

1 
         

Binding 22 0.87 
 

2 0.95 
 

1 
         

Binding 23 0.93 
 

2 1.02 
 

2 0.90 
 

2 0.84 
 

2 0.92 
 

2 

Binding 24 0.91 
 

2 0.91 
 

2 1.36 
 

2 1.23 4.3 3 1.22 12.4 3 

CDC 14 0.92 2.8 3 1.04 2.8 3 1.03 2.9 3 0.95 4.0 3 1.07 2.4 3 

 

GM: Geometric Mean; GCV: Geometric Coefficient of Variation (%); n: Number of estimates used in calculation of GM and GCV; 

spaces denote either insufficient data to report results or absence of in-house standard; * indicates ELISA data in the absence of in-

house standard.



 

or all of the coded samples tested. CDC assays were performed by one laboratory only and all 

gave valid estimates of relative potency. 

 

A majority of binding assays gave valid estimates for some or all of the coded samples tested. 

For laboratory 27, assay data did not fit the analysis model applied due to an insufficient number 

of dilutions tested, although estimates for the samples calculated without verification of meeting 

validity criteria were in good agreement with other laboratories.   

 

Based on the lower limit of detection of 1g/ml for IDMS, any values below the lower limit of 

detection derived for the spiked samples have been excluded. 

 

Potency estimates relative to candidate standard sample A or in-house reference standards 

 

Potency estimates calculated relative to candidate standard sample A or relative to in-house 

reference standards where available are summarized for each laboratory performing 

neutralization assays in Table 6A and for other assays in Table 6C. An overall summary for each 

assay type is shown in Table 7A with the estimates from individual neutralisation assay types in 

Table 7B. Boxplots of laboratory GM relative potencies from neutralisation and binding assays 

are shown in Figure 1. Inter-laboratory GCVs relative to in-house reference standards were  

 

Table 7A: Overall geometric mean relative potency estimates for TNF-α neutralization, 

binding, ADCC and CDC assays 

 

Method Sample 

Potencies relative to  

Candidate A 

Potencies relative to participants 

IH reference 

GM LCL UCL GCV n GM LCL UCL GCV n 

Neutralization 

(all) 

A           1.02 0.99 1.06 5.9% 16 

B 0.95 0.94 0.96 2.7% 22 0.98 0.96 1.01 5.1% 16 

C 1.01 1.00 1.03 3.9% 21 1.03 1.00 1.07 6.5% 17 

Binding 

A           1.09 0.83 1.43 18.6% 4 

B 0.95 0.86 1.05 10.4% 6 1.00 0.78 1.29 17.1% 4 

C 1.00 0.91 1.09 8.6% 6 1.06 0.88 1.28 12.5% 4 

ADCC 

A   

    

0.91 

   

1 

B 0.92 

   

1 0.95 

   

1 

C 1.02 

   

1 0.91 

   

1 

CDC 

A           1.03       1 

B 0.92 

   

1 0.95 

   

1 

C 1.04 

   

1 1.07 

   

1 

 

GM: Geometric Mean; LCL and UCL- Lower and Upper 95% Confidence Limit; 

GCV: Inter-laboratory Geometric Coefficient of Variation (%); n: Number of laboratories used 

in calculation of GM and GCV; IH: In-house reference 
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calculated after exclusion of laboratories 3 (used commercial TNF rather than IS 12/154) and 16 

(a non-infliximab product was used as IH standard). 

 

Intra-laboratory GCV values ranged from 0.8% to 28.9% in neutralization assays, with a median 

value of 4.3% and the majority (82%) of values were less than 10%, demonstrating generally 

good intermediate precision in participating laboratories (n=23). Levels of variability were not 

observed to be related to the reference standard or cell line used. For binding assays, intra-

laboratory GCV values ranged from 3.3% to 22.1%, although they were only calculated in a 

small number of cases from the seven laboratories who performed this assay. For laboratory 27, 

assay data did not fit the analysis model applied, however, approximate estimates determined for 

the samples (0.96, 0.99 and 1.0 for B, C and IH respectively) were in good agreement with other 

laboratories (Table 6C).   

 

Inter-laboratory GCV values for samples B and C relative to candidate standard sample A were 

2.7% and 3.9% respectively in neutralization assays, with 10.4% and 8.6% respectively in 

binding assays. Inter-laboratory GCV values for samples B and C relative to in-house reference 

standards were 5.1% and 6.5% respectively in neutralization assays, with 17.1% and 12.5% 

respectively in binding assays, indicating a higher level of inter-laboratory variability than for 

potencies relative to sample A. Amongst neutralization assays, the lowest inter-laboratory 

variability was observed using the WEHI 164 cell line (GCV values of 1.3% and 2.6% for 

samples B and C respectively). The data show that the use of sample A as a reference standard to  

 

Table 7B: Overall geometric mean relative potency estimates for the different TNF 

neutralization bioassays 

 

Method Sample 

Potencies relative to  

Candidate A 

Potencies relative to  

IH reference 

GM LCL UCL GCV n GM LCL UCL GCV n 

L929
1 

A           1.00 0.98 1.02 1.5% 5 

B 0.95 0.92 0.98 3.5% 7 0.96 0.92 1.01 3.5% 5 

C 1.00 0.95 1.05 4.8% 6 1.00 0.94 1.06 5.9% 6 

WEHI-164 

A           1.04 0.97 1.10 7.3% 7 

B 0.95 0.94 0.96 1.3% 9 0.98 0.92 1.04 6.7% 7 

C 1.01 0.99 1.03 2.6% 9 1.03 0.96 1.10 7.5% 7 

U937 

A           1.08       1 

B 0.97 0.92 1.03 2.2% 3 1.03 

   

1 

C 1.04 0.95 1.15 3.8% 3 1.10       1 

Reporter gene 

A           1.02 0.84 1.25 8.4% 3 

B 0.93 0.85 1.02 3.6% 3 1.00 0.93 1.08 3.1% 3 

C 1.02 0.89 1.18 5.9% 3 1.08 1.01 1.15 2.7% 3 

GM: Geometric Mean; LCL and UCL: Lower and Upper 95% Confidence Limit; 

GCV: Inter-laboratory Geometric Coefficient of Variation (%); n: Number of laboratories used 

in calculation of GM and GCV; IH: In-house reference 
1
Laboratories 3 and 16 in-house reference excluded from calculations for L929 assays 
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Figure 1:  Laboratory geometric mean relative potency estimates for A) All TNF-α 

neutralization and binding assays combined; B) Different TNF-α neutralization assays. 

A 

B 
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calculate the relative potency of sample B provides good agreement between laboratories for 

each of the bioactivities tested. 

 

For Laboratory 8, potency estimates from neutralization assays derived using CombiStats, 

summarized in Table 6B, showed geometric mean potencies and levels of intra-laboratory 

variability that were comparable to those obtained in other laboratories which were calculated 

using the equivalence testing approach. This illustrated that the best choice of assay response 

transformation cannot be assumed to be the same across all laboratories. 

 

Intra-laboratory variability was noted to be low for CDC assays (2.4% to 4.0%) and higher for 

ADCC assays (9.0% to 26.3%), although in each case this is based on results from a single 

laboratory.  

 

Estimates of ED50 derived from neutralization assays 

 

Geometric mean estimates of ED50 for each laboratory and sample are shown in Appendix Table 

A6. There was no clear relationship between ED50 values and the dose of TNF-α used by 

participants. As expected, the geometric mean values for ED50 varied between different 

laboratories and assay methods with GCV ranging from 3.0% to 24.4 % in L929 assays (except 

for laboratory 3 which used commercial TNF-and from 0.4% to 18.9% in WEHI-164 assays, 

in a majority of cases (except laboratories 8 and 28), and in U937 assays from 1.1% to 16.8%. A 

summary of ED50 estimates for laboratories performing WEHI-164 or L929 assays with a fixed 

TNF-α concentration is given in Table 8. 

 

Table 8: Summary of ED50 estimates (ng) for selected assays using fixed amounts of TNF-α 

 

 

L929 Neutralization assay using 20 IU of TNF-α 

Sample GM LCL UCL GCV N 

A 3.5 1.8 6.7 50% 4 

B 3.8 1.9 7.6 56% 4 

C 3.5 1.8 6.8 51% 4 

 

WEHI-164 Neutralization assay using 40 IU of TNF-α 
Sample GM LCL UCL GCV N 

A 8.0 5.2 12.4 31% 4 
B 8.4 5.4 13.2 32% 4 
C 7.9 5.1 12.3 31% 4 

 

GM: Geometric Mean; LCL and UCL: Lower and Upper 95% Confidence Limit; GCV: Inter-lab 

Geometric Coefficient of Variation (%); n: Number of estimates used in calculation of GM and 

GCV 
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Affinity determination by SPR 

 

Comparable results for all samples were obtained by Laboratory 18 which performed SPR and 

used a single cycle kinetics approach to determine the equilibrium dissociation constants (KD) 

for TNF-α binding to the candidate A, comparator B and coded duplicate C (Table 9A). This was 

consistent over independent experiments and in each case the coded duplicate C was comparable 

to candidate A.   

 

Table 9A:  Laboratory geometric mean equilibrium dissociation constants (KD) determined 

by SPR and their affinity relative to candidate A 

 

 

 

 

 

 

 

 

 

 

 

GM: Geometric Mean; GCV: Geometric Coefficient of Variation (%); n: Number of estimates 

used in calculation of GM and GCV 

 

Ampoule content by IDMS  

 

A single laboratory (laboratory 25) performed IDMS, a primary reference method to determine 

the mass of infliximab in candidate A, comparator B and coded duplicate C following 

reconstitution with 1ml of normal human serum.  When the amount of infliximab in an ampoule 

of comparator B and coded duplicate C were compared to candidate A, less infliximab was found 

in an ampoule of comparator B (overall 91% and 100% respectively for B and C) (Table 9B). 

 

Table 9B: Ratio of the average mass of infliximab in an ampoule of B and coded duplicate 

C relative to candidate A by IDMS 

 

Sample dilution 

Mass ratio to Candidate A (mean over three replicates) 

  B Coded duplicate C 

GM 
GCV 

(%) 
GM 

GCV 

(%) 

1:25 0.95 3.1 1.00 3.8 

1:5 0.89 15.5 1.04 5.3 

1:2.5 0.90 6.6 0.99 7.5 

1:1 0.91 7.1 0.99 2.3 

Overall (all 

dilutions) 
0.91 2.9 1.01 2.4 

GM: Geometric Mean; GCV: Geometric Coefficient of Variation (%)

Lab Method Sample 

KD (M) 
Affinity relative to 

candidate A 

GM 
GCV 

(%) 
n GM 

GCV 

(%) 
n 

18 

 

Single- 

cycle 

kinetics 

 

A 4.69E-10 18.0 3    

B 4.60E-10 4.4 3 1.02 15.5 3 

C 4.83E-10 21.1 3 0.97 27.8 3 



Table 10: Laboratory geometric mean content estimates for spiked samples (μg/ml) relative to in-house standards.   Inter-

laboratory GCV values are also calculated relative to candidate A for the laboratories (22-25) which assayed candidate A  

Sample 

Spiked
1
 

amount 

(µg/ml) 

 

Analyte 

Estimates of infliximab 

concentration from each individual 

laboratory (µg/ml) 

Overall estimates 

of infliximab 

concentration 

Laboratories 22-25 

estimates of infliximab 

concentration 

Laboratories 

22-25 GCV 

estimates 

relative to 

sample A 
 

 
22 23 24 25 26 27 

GM 

(µg/ml) 
GCV 

GM 

(µg/ml) 
GCV 

NS 1 8.0  6.6 8.9 7.5 8.0 6.9 9.0 7.8 13.5% 7.7 13.2% 21.2% 

NS 2 4.0  4.1 3.9 3.4 3.7 3.9 4.2 3.9 7.9% 3.8 8.2% 7.7% 

NS 3 2.0 A 1.9 2.1 1.7 1.8 1.5 2.1 1.8 13.0% 1.9 7.7% 12.3% 

NS 4 1.0  1.1 1.0 0.9 * 0.9 1.1 1.0 10.2% 1.0 12.0% 7.7% 

NS 5 0.5  0.5 0.5 0.4 * 0.5 0.5 0.5 12.3% 0.5 15.4% 17.3% 

NS 6 8.0  7.7 7.5 6.5 7.2 6.7 8.6 7.4 10.6% 7.2 7.7% 7.9% 

NS 7 4.0  3.6 3.7 3.2 3.6 3.5 4.1 3.6 8.3% 3.5 6.1% 8.4% 

NS 8 2.0 B 1.8 1.9 1.6 1.8 1.9 2.1 1.8 9.0% 1.8 7.3% 10.0% 

NS 9 1.0  0.8 1.0 0.8 * 1.1 1.0 0.9 13.7% 0.9 9.7% 19.5% 

NS 10 0.5  0.4 0.5 0.4 * 0.6 0.5 0.5 17.9% 0.4 15.0% 23.4% 

NS 11 8.0  7.5 7.9 7.0 7.1 7.0 9.1 7.6 11.0% 7.4 5.9% 10.9% 

NS 12 4.0  4.1 3.9 3.6 3.6 3.3 4.6 3.8 12.3% 3.8 6.8% 7.7% 

NS 13 2.0 A 1.8 2.0 1.7 1.6 1.8 2.4 1.9 14.2% 1.8 9.7% 15.5% 

NS 14 1.0  1.1 1.1 0.9 * 1.0 1.1 1.0 10.6% 1.0 11.6% 12.9% 

NS 15 0.5  0.4 0.6 0.5 * 0.6 0.5 0.5 18.6% 0.5 20.3% 30.8% 

NS 16 8.0  6.8 7.2 6.9 6.9 6.8 8.7 7.2 10.2% 6.9 2.3% 10.0% 

NS 17 4.0  3.5 3.5 3.5 3.5 3.2 4.3 3.6 10.3% 3.5 0.6% 8.1% 

NS 18 2.0 B 2.0 1.9 1.7 1.7 1.8 2.0 1.8 8.0% 1.8 8.4% 8.4% 

NS 19 1.0  0.9 0.9 0.9 * 1.0 1.1 1.0 12.5% 0.9 4.4% 11.3% 

NS 20 0.5  0.5 0.6 0.5 * 0.5 0.6 0.5 9.7% 0.5 13.2% 19.3% 

NS 21 8.0  6.8 7.5 7.3 7.3 7.1 8.4 7.4 7.5% 7.2 4.3% 12.6% 

NS 22 4.0  4.3 3.9 3.4 4.0 3.3 3.9 3.8 11.0% 3.9 10.4% 6.5% 

NS 23 2.0 Remicade® 1.8 1.8 1.9 1.5 1.9 2.0 1.8 11.4% 1.7 12.1% 16.9% 

NS 24 1.0  1.1 1.0 0.9 * 1.1 1.0 1.0 5.9% 1.0 7.9% 4.3% 

NS 25 0.5  0.4 0.6 0.4 * 0.5 0.5 0.5 16.5% 0.5 23.0% 32.8% 
        1 

Theoretical amount; A – candidate A and B - comparator B; * indicates below the limit of detection



 

Analysis of spiked serum samples 

 

Laboratory geometric mean estimates (μg/ml) for serum samples 1-25 spiked with theoretical 

amounts of candidate A, B or Remicade calculated using in-house standards are summarised in 

Table 10. Samples 26-30 were not included in the analysis - these were spiked with adalimumab 

as a test of infliximab specificity. For these, as expected, binding was observed in ELISAs only 

where TNF-α was used to capture the analyte and a non-specific antibody used for detection 

(laboratories 23, 26) with no reactivity evident in assays where a specific detection antibody was 

employed. Further assessment of agreement in geometric mean estimates for each pair of 

laboratories was performed by calculating Lin’s concordance correlation coefficient with log 

transformed data (Tables 11A and B). There is generally excellent concordance between 

laboratories for estimates in samples relative to the in-house reference standards regardless of the 

method. However, IDMS appeared to have a lower sensitivity (lower limit of detection of 

1g/ml and so lower estimates are excluded) compared with ELISAs.  For laboratories which 

included candidate A in the testing, higher variability was observed for estimates of the samples 

as opposed to the in-house standards.  

 

Table 11A: Concordance correlation coefficients for log transformed estimates for spiked 

serum samples NS1-NS25 

 

Lab 22 23 24 25 26 27 

22 
      

23 0.99 
     

24 0.99 0.99 
    

25 0.98 0.98 0.99 
   

26 0.98 0.99 0.99 0.98 
  

27 0.98 0.99 0.98 0.94 0.98 
 

 

Table 11B: Concordance correlation coefficients for log transformed estimates relative to 

Sample A for spiked serum samples NS1-NS25 

 

Lab 22 23 24 25 26 27 

22 
      

23 0.96 
     

24 0.99 0.98 
    

25 0.99 0.95 0.98 
   

26 NA NA NA NA NA 
 

27 NA NA NA NA NA 
 

 

 



Stability studies 

 
Accelerated Degradation Studies 

 

Samples of the candidate standard 16/170 were stored at elevated temperatures (4°C, 20°C, 37°C 

and 45°C) for up to 9.5 months and assayed at NIBSC using the L929 cytotoxicity assay. 

Samples were tested concurrently with those stored at the recommended storage temperature of   

-20°C, and baseline samples stored at -70°C. The potencies of all samples were expressed 

relative to the appropriate -70°C baseline samples and the results are summarised in Table 12. 

No loss in activity was detected following storage at any of the elevated temperatures for 16/170 

and therefore no predicted loss in activity can be calculated. 
 

Table 12: Summary of results from accelerated temperature degradation studies of 

candidate preparation 16/170 assayed using an L929 cell cytotoxicity assay. 

 

Time stored 

(years) 

Storage 

Temperature (⁰C) 

95% lower 

confidence limit 

Relative Potency 

to -70⁰C 

95% upper 

confidence limit 

0.667 -20  0.96 0.98 1.01 

0.667 +4 0.98 1.01 1.04 

0.667 +20 0.99 1.02 1.04 

0.667 +37 1.01 1.02 1.04 

0.667 +45 0.99 1.01 1.03 

0.792 -20 0.99 1.01 1.02 

0.792 +4 0.99 1.00 1.01 

0.792 +20 0.97 0.99 1.00 

0.792 +37 0.96 0.98 0.99 

0.792 +45 0.98 0.99 1.01 

  

 

Table 13:  Summary of results from reconstitution stability studies of candidate 

preparation 16/170 assayed using an L929 cell cytotoxicity assay. 

 

Temperature 

(⁰C) 

Time 

(Days) 

95% lower 

confidence 

limit 

Relative Potency to a 

freshly reconstituted  

ampoule 

95% upper 

confidence limit 

+4  1 0.99 1.01 1.03 

+4  7 0.99 1.00 1.02 

Room 

temperature 
1 1.00 1.03 1.06 

Room 

temperature 
7 0.98 0.99 1.01 
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Stability after reconstitution and on freeze-thaw 
 

Samples of the candidate standard 16/170 were reconstituted and left at 4°C or room temperature 

for either 1 day or 1 week. The reconstitutions were timed to allow all samples to be assayed 

concurrently against a freshly reconstituted ampoule. The potencies of all samples were 

expressed relative to the freshly reconstituted samples and the results are summarised in Table 

13. There is no evidence that the potency of the reconstituted candidate standard is diminished 

after a week of storage at either 4°C or room temperature. 
 

Samples of the candidate standard 16/170 were reconstituted and subjected to a series of freeze-

thaw cycles (1 up to 4). They were then assayed concurrently with a freshly reconstituted 

ampoule. The potencies of all samples were expressed relative to the freshly reconstituted 

samples and the results are summarised in Table 14. From the results, it is concluded that the 

potency of this preparation does not decrease with repeated freeze-thaw cycles (up to 4). 

 

Table 14:  Summary of results from freeze-thaw studies of candidate preparation 16/170 

using an L929 cell cytotoxicity assay. 

 

Number of 

freeze/thaw cycles 

95% lower 

confidence limit 

Relative Potency to a freshly 

reconstituted  ampoule 

95% upper 

confidence limit 

1x 0.99 1.01 1.04 

2x 1.01 1.02 1.03 

3x 1.04 1.05 1.07 

4x 1.03 1.04 1.05 

 

 

Discussion 
 

While it is recognised that the establishment of WHO IS contributes to calibration of potency 

assays, the need for WHO IS for mAbs has been extensively debated and divided opinions 

among stakeholders using as their basis, the well-established ‘biosimilarity paradigm’ which 

requires determination of biosimilarity by comparison of the ‘biosimilar’ product with the 

reference medicinal product (the ‘comparator’ with an established clinical history). However, the 

WHO IS is a distinct and separate entity to a reference medicinal product and is not for use as a 

comparator for defining the quality of an acceptable product nor required for demonstrating 

biosimilarity and, therefore, would not result in any deviation from the biosimilarity concept 

(13). The purpose of the IS is solely to support in vitro bioassay calibration and validation by 

defining international units of bioactivity. It is not intended for defining the specific activity of 

infliximab products or to infer a specific activity for regulatory purpose, neither is it intended for 

changing product labelling or prescriber practices for currently approved infliximab products. 

This concept of standardization in support of bioactivity assays is not new and has already been 

applied previously with the establishment of WHO IS for pegfilgrastim and etanercept (31, 32). 

 

Therapeutic biological medicines such as monoclonal antibodies are large, structurally complex 

and heterogeneous proteins sensitive to changes arising from the inherent variability of the 
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expression system and the manufacturing process. Tight regulation of the manufacturing and 

quality attributes of the product through robust quality systems is necessary to ensure 

consistency in the process and the product (33, 34).  Unintended or unexpected changes in 

process parameters can sometimes occur and lead to altered critical quality attributes (CQA) and 

a drift or shift in product quality (35). In a recent report, testing of batches of the anti-HER2 

mAb Herceptin® showed shifts in glycan structure (in particular afucosylation and high 

mannose) which were associated with marked differences in ADCC activity (36).  Intentional 

changes in manufacturing processes, regulated via post-licensure mechanisms and comparability 

exercises according to ICH Q5E (pre and post change product) where appropriate also occur post 

approval. In some cases, particularly if major changes are involved (e.g., change in 

manufacturing site), these changes can cause a shift in quality attributes and result in product 

evolution. Schiestl and coworkers (37) observed changes in glycosylation profile in batches of 

the anti-CD20 mAb (Rituxan®/Mabthera®) which increased ADCC activity in vitro and 

associated this with modifications in the manufacturing process. In fact, many biotherapeutics 

undergo numerous changes during their life cycle with no impact on safety or efficacy. 

Remicade® for example has undergone over 35 changes since its approval in the EU in 1999 

with no reported efficacy or safety issues in the clinic (38).  

 

Being complex products, mAbs cannot be fully characterized by physico-chemical analysis and 

determination of their biological activity, just like for other therapeutic proteins, remains critical 

for their evaluation. This is also the case for biosimilar development where consistent with the 

regulatory framework  (11, 12, 39, 40), several batches of reference medicinal product (the 

innovator or comparator product with established clinical history) and the proposed biosimilar 

product undergo comparative testing using sophisticated and sensitive state-of-the-art analytical 

methods including bioassays in order to demonstrate that the biosimilar product is highly similar 

in critical quality attributes to the reference product (for example in the development of the 

infliximab biosimilars - Remsima® and Flixabi®) (3, 4).  For such bioassays, each manufacturer 

is required to develop and calibrate their own in-house reference standard for biological 

potency/activity. As these standards are proprietary with no traceability to a higher order 

standard or between individual in-house standards for products from different manufacturers, 

there is a risk of divergence of bioactivity over time for both the reference product and its 

biosimilars. The establishment of higher order international reference standards of biological 

activity for mAbs may help towards alleviating this issue, by harmonizing the measurement of 

potency using a common international unitage for in vitro bioassays across any number of 

laboratories performing such assays.  

 

Since evidence for infliximab suggests that the predominant mechanism of action, at least in 

rheumatoid indications and psoriasis, is neutralization of TNF-by Fab binding to soluble and 

membrane-bound TNF-(if present), while in inflammatory bowel disease and Crohn’s, other 

mechanisms such as Fc-mediated ADCC and CDC may also contribute to the mode of action, the 

study included a range of assays representative of these activities. However, it should be noted 

that the TNF-neutralization assay isthe current lot release assay for infliximab products. With 

this in mind, the suitability of a candidate preparation of infliximab to serve as the 1
st
 WHO 

International Standard for infliximab was assessed in a multi-centre collaborative study. 
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All study participants used their own qualified assays, in-house standards (seven used 

Remicade®, four used other infliximab products, one used a mouse anti-TNF as their in house 

standard and four reported against candidate A in the absence of an IH standard) and protocols 

using their own assay acceptance and validity criteria, and many laboratories reported ED50 and 

relative potency estimates based upon their own calculations. As per normal practice for WHO 

collaborative studies, we asked participating laboratories to provide raw data from the assays so 

that we could apply a global analysis of assay validity that would treat all the data with equality 

and allow the data from different laboratories to be compared to each other.  The assessment of 

assay validity ideally requires setting of equivalence bounds based on a detailed analysis of all 

dose-response curve parameters in order to determine parallelism.  This approach was applied for 

neutralization assays where the two main readouts were absorbance or 

fluorescence/luminescence, which have very different numerical values (absorbance 0~3 and 

luminescence many tens of thousands) and were grouped depending on the readout type. For 

samples to be directly compared, they needed to be assayed on the same plate (as specified in the 

collaborative study protocol and plate layout sent to the participants).  Applying the global 

analysis to neutralization assays meant that the majority of laboratories (18 out of 23) had less 

than 25% invalid assays, indicating this global analysis worked well and assays were of high 

quality, even with stringent validity parameters applied.   

 

It should, however, be noted that the equivalence bounds are intended for use in the analysis of 

data from this study only, in order to apply consistent criteria to all laboratories and assess their 

relative performance. The bounds should not be interpreted as suitable values for routine use in 

the assessment of assay validity within the collaborating laboratories and may in some cases be 

overly stringent or inappropriate (as was the case for laboratory 8). An alternative analysis was 

performed in the case of laboratory 8, without the log transformation of assay response which 

gave ED50 values and relative potencies comparable to the other laboratories in the study, 

however this data was not included in the global analysis of bioassay data. 

 

Combining the data from all of the different TNF bioassays gave laboratory relative potencies 

which were similar to those found for each of the individual types of bioassays.  Geometric mean 

relative potencies were 0.95 for comparator B and 1.01 for coded duplicate C when compared to 

candidate A for all the bioassays and ranged from 0.93-0.97 in the individual assays for 

comparator B and 1.00-1.04 for coded duplicate C. Overall, the inter-laboratory GCVs were 

relatively good for the TNF-  neutralization bioassays when the lyophilised preparations were 

compared relative to the participants’ in-house standards (5.1-6.5%) but this was further 

improved when the preparations were compared relative to candidate A (2.7-3.9%).  For the 

cytotoxicity assays, L929 gave better inter-laboratory GCVs than WEHI-164 (1.5-5.9% vs 6.7-

7.5%) when relative potencies were determined relative to participants IH standard and 

expressing the potencies relative to candidate A improved the inter-laboratory GCVs (3.5-4.8% 

for L929 and 1.3-2.6% for WEHI-164). There were fewer valid assays for laboratories 

undertaking U937 apoptosis assays and reporter gene assays, therefore any improvement of 

interlaboratory GCV was not evident. 

 

ED50 estimates were derived for each laboratory performing neutralization assays to assess the 

inhibitory effect of infliximab. Evaluation of all the different assays showed there was little 

correlation between the amount of TNF- used in the assay and the ED50 value.  This was 
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mainly due to the fact that laboratories tended to use narrow ranges of TNF- (10-20 IU/ml) in 

the L929 assay.  However considering the WEHI-164 data alone, there was a much wider range 

of TNF- (2-100 IU/ml) used which showed a generally positive correlation between the ED50 

and the amount of TNF- used in the assay. 

 

Since infliximab inhibits TNF- bioactivitythe inhibitory activity should be expressed in terms 

of TNF-. Therefore, an indication of inhibitory activity can be determined for the proposed IS 

based on the ED50 values derived for both L929 and WEHI-164 cytotoxicity assays from 

selected laboratories (using the same fixed amount of TNF- IS in the assays) by the following 

equation;  
Amount of infliximab (IU) inhibiting a fixed amount of TNF- (IU) =       potency of preparation (IU) x ED50 (ng)                                                                                                                              

                                                                                                         Assumed mass content (ng) 

 

Therefore, based on ED50 responses from data of four laboratories for both assays (Table 8), 

0.04 IU of infliximab candidate A, (code 16/170) inhibits the cytotoxic effect of 20 IU of TNF-

IS (code 12/154) in an L929 cytotoxicity assay. A slightly higher amount of 0.08 IU of 

infliximab candidate A, (code 16/170) inhibits the cytotoxic effect of 40 IU of TNF-IS (code 

12/154) in a WEHI-164 cytotoxicity assay. For these potencies, the proposed arbitrary unitage of 

500 IU for preparation coded 16/170 has been used.  

 

For ADCC and CDC assays, inter-laboratory variability could not be determined as only one 

dataset passed the assay validity criteria in each case. ADCC assays are generally variable and 

highly influenced by the target, the effector cell type, the expression of FcγRIII receptors, 

receptor polymorphism, the assay conditions and the readout employed (25, 26, 41). The 

glycosylation pattern of the mAb, particularly the degree of afucosylation is also known to 

impact Fc-mediated ADCC activity (36), depending on the sensitivity of the assay system used. 

In a recent study, no relative difference in ADCC activity was evident when comparing 

infliximab expressed using either Sp2/0 or CHO cells in an assay using PBMCs (3). Although 

restricted to one laboratory, the relative potencies of candidate A and comparator B showed a 

similar trend in ADCC assays (using surrogate effector cells) to that seen in TNF neutralization 

assays, which utilise the antigen binding function of infliximab.  

 

Another CQA that is routinely monitored for batch release of infliximab and required for the 

biosimilarity exercise is the interaction of the Fab regions of infliximab with TNF- using 

binding assays. Overall the combined data from the different types of binding assays in the study 

(ELISAs, FRET and SPR) showed relatively poor agreement and high variability between the 

laboratories for the comparator B and coded duplicate C when potency was expressed relative to 

participants’ IH standards (12.5-18.6%). This is somewhat improved when the potency estimates 

are expressed relative to candidate A (8.6-10.4%).  However, the overall potency estimates were 

in good agreement with those seen for the TNF- neutralization bioassays when expressed 

relative to candidate A, again with comparator B showing ~ 95% of the potency relative to the 

coded duplicate C. The lower estimates for comparator B despite same formulation and 

lyophilization conditions as A are likely explained by the lower infliximab content found in 

ampoules of comparator B (91% infliximab) as compared with candidate A (and coded duplicate 

C). This could have arisen because of the additional manipulation required in reformulating the 
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drug product to generate comparator B, as opposed to the drug substance used for formulating 

candidate A and its coded duplicate.  

 

As the clinical monitoring of serum trough levels in treated patients is not only gaining in 

popularity but is actively being considered or recommended by professional bodies (42), we 

spiked candidate preparations A and B into normal human serum to determine how the 

infliximab candidate preparations performed when assayed by commercial monitoring kits and 

other techniques. Furthermore, we explored whether harmonization of the serum determinations 

with candidate A would improve inter-laboratory variability. The geometric mean of the 

estimates provided by all six laboratories for each sample using their in-house calibration 

standards gave estimations which are in good agreement with each other, with a GCV of between 

5.9-18.6%. In each case, the mass content was found to be slightly lower than the predicted mass 

(based upon the 50µg per ampoule nominal fill mass) and again comparator B is slightly lower 

than candidate A, this trend is repeated across both sera.  Determination of the infliximab 

concentrations relative to candidate A was only possible for four of the six laboratories. Inter-

laboratory concordance for the spiked samples was excellent (>98% and >96% between the 

laboratories) for estimates calibrated using IH standards and candidate A respectively, regardless 

of the method, despite the lower sensitivity of the IDMS assay. Introduction of a common 

standard, candidate A, however did not improve the assay variability (GCV of 4.3-32.8%), This 

variability is possibly due to variation in diluent or dilution practices used for candidate A 

between the different laboratories since agreement was achieved between the spiked theoretical 

content (candidate A, B) and the estimates obtained by the laboratories using their own in-house 

standards when a common matrix was used for the spiked samples. Therefore, as limited number 

of assays were performed (n=4) using candidate A, firm conclusions cannot be drawn on the 

utility of the candidate standard for harmonization of clinical monitoring. However, the 

candidate preparation 16/170 is active and suitable for use in all assay systems employed in this 

study and, therefore, can be used for qualification of in house standards using the nominal mass 

content of the ampoule. An extension of the study may be required to facilitate harmonization in 

clinical practice.  

 

The use of candidate A (16/170) reduces the inter-laboratory variability in bioactivity across a 

range of in vitro bioassays and binding assays. For TNF- neutralization bioassays employing 

the 3
rd

 WHO IS for TNF- (12/154) as the source of TNF-, inter-laboratory GCVs of less than 

5% are easily achievable with slightly larger GCVs observed for binding assays although these 

included a range of different techniques and sources of recombinant TNF.  ADCC and CDC data 

was limited in this study but the candidate standard performed well in all participants’ assays and 

is considered suitable for use. 

 

International reference materials are intended to be long-lasting stable preparations suitable for 

global distribution, thus formulation and process development is optimised to fulfil this 

requirement whilst preserving bioactivity required for the standard’s intended use (23). 

Stability studies over 9.5 months indicated that the candidate preparation 16/170 is stable for 

long term storage at -20˚C.  Furthermore, the potency is not diminished after 1 week of storage at 

either 4˚C or 20˚C following reconstitution, nor after repeated freeze-thaw cycles. As no loss in 
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activity was detected at any of the elevated temperatures, no predicted loss in activity can be 

calculated. 

As per WHO guidance (23), multiple methods are used to assign a value to the infliximab 

International Standard, therefore the definition of unit is not related to a specific method of 

determination.  In consideration of the need for future replacement of the 1
st
 infliximab IS, 

independent arbitrary unitage values should be assigned for the individual activities.  As the 

preparation used in the replacement standard may have different relative activities for each 

different method, this will allow a unitage for each activity (calibrated against the 1
st
 IS) to be 

assigned independently.  Since only a limited number of laboratories performed the ADCC and 

CDC assays in the current collaborative study we have only assigned unitages to TNF-α 

neutralization and binding activities.  Nevertheless the study shows the standard can be used as 

an assay control for ADCC and CDC. 

Based on the present study, the candidate preparation (NIBSC code 16/170) with arbitrary values 

of 500 IU of TNF- neutralising activity per ampoule and 500 IU of binding activity per 

ampoule, is proposed as the 1
st
 International Standard for assay performance, calibration and 

validation of bioassays for infliximab.  

It is important to note that the content of infliximab per ampoule is nominal and no declared 

mass content for the proposed preparation is given. Thus, the proposed unitage cannot be used to 

define the specific activity of the preparation, nor can it be used to derive/infer any specific 

activity for regulatory purposes or to revise product labelling and dosing requirements. Finally, 

the proposed 1
st
 International Standard for the bioactivities of infliximab is not a substitute for 

the reference medicinal product for determining biosimilarity but serves as a higher order 

reference standard for calibration of bioassays thus facilitating harmonization of infliximab 

bioactivity across products and during the entire life-cycle of infliximab products where possible.  

Conclusions and proposal 

Based on the results of the multi-centre collaborative study, both infliximab preparations 16/160 

and 16/170 showed good activity in all in vitro TNF-α neutralization bioassays (cytotoxicity, 

apoptosis and reporter gene assays), ADCC, CDC and TNF-α binding assays (ELISA, SPR and 

FRET) that were performed. Therefore, the infliximab candidate preparation NIBSC code 16/170 

is suitable to serve as the 1
st
 WHO International Standard for the in vitro biological activities of 

infliximab. It is proposed to the WHO ECBS that the candidate preparation 16/170 be accepted 

as the WHO 1
st
 IS for infliximab with assigned values per ampoule of 500 IU of TNF- 

neutralising activity and 500 IU of binding activity. 
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Table A1.  Current status of infliximab biosimilar authorisation worldwide
 
(9) 

Product name Manufacturer Authorisation 
Date 

Approved 

Therapeutic 

Indications of 

reference 

product
1 

Flixabi/Renflexis 
Samsung 

Bioepis/Merk 

Europe 26 May 2016 All 

Korea 4 Dec 2015 All 

Australia 28 Nov 2016 All 

USA 21 Apr 2017 All 

Remsima/Inflectra Celltrion/Hospira 

Europe 10 Sep 2013 All 

USA 5 Apr 2016 All 

Korea 23 Jul 2012 All 

Japan 4 Jul 2014 

Crohn’s disease 

Rheumatoid 

arthritis 

Ulcerative colitis 

Australia 19 Aug 2015 All 

Russia 

(Marked as 

Flemingas) 

13 Jul 2015 All 

Columbia 16 Dec 2013 All 

Brazil 27 Apr 2015 All 

Venezuela 29 Apr 2015 All 

Inflectra Hospira Canada 

15 Jan 2014 

 

Ankylosing 

spondylitis 

Psoriatic arthritis 

Psoriasis 

Rheumatoid 

arthritis 

14 Jun 2016 
Crohn’s disease 

Ulcerative colitis 

Remsima Celltrion Canada 15 Jan 2014 

Ankylosing 

spondylitis 

Psoriatic arthritis 

Psoriasis 

Rheumatoid 

arthritis 
1
 All therapeutic indications are; ankylosing spondylitis, Crohn’s disease, psoriatic arthritis,  

psoriasis, rheumatoid arthritis and ulcerative colitis. 
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Table A2. List of participants in the collaborative study. 

Melanie Morris, Lea-Ellen Hogie  and Keith Mortimer, Biochemistry Section, Office of 

Laboratory & Scientific Services, Therapeutic Goods Administration,136 Narrabundah Lane, 

Symonston, Canberra ACT 2609, Australia. 

Haibin Wang, Lei Li and Bingjie Hao, Zhejiang Hisun Pharmaceutical Co Ltd, 46 Waisha 

Rd. Jiaojiang, Taizhou, Zhejiang, China. 

Meng Li and Lan wang, Division of Monoclonal Antibodies, NIFDC, No2.Tiantan Xili, 

Beijing, 100050, China. 

Jaana Vesterinen, Finnish Medicines Agency, Mannerheimintie 166, P.O.Box 55,00300 

Helsinki, Finland. 

Sylvie Jorajuria and Marie-Emmanuelle Behr-Gross, Laboratory Department, European 

Directorate for the Quality of Medicines and HealthCare (EDQM) Council of Europe, 7 allée 

Kastner, CS 30026, F-67081 Strasbourg, France. 

Jean-Claude Ourlin, ANSM, 635 Rue de la Garenne,CS 60007, 34740 Vendargues Cedex, 

France. 

Michael Tovey and Christophe Lallemand, Biomonitor SAS, Villejuif Bio Park, 1 mail du 

Professor George Mathé, 94800 Villejuif, France. 

Ulrike Herbrand and Kerstin Brack, Charles River Biopharmaceutical Services GmbH, Max-

Planck-Str. 15A, 40699, Erkrath, Germany.. 

Shubrata Khedkar, Prabhavathy Munagala and Ranjan Chakrabarti, Biologics & 

Biotechnology Division, United States Pharmacopeia-India (P) Ltd, Plot No. D6 & D8, IKP 

Knowledge Park, Genome Valley, Shameerpet, Hyderabad, 500078, R.R. District, Telangana, 

India. 

Ezra Mulugeta and Charlotta Mark, Medical Products Agency, P.O. Box 26, SE-751 03 

Uppsala, Sweden. 

Cornelius Fritsch and Ruzica Puljic, Biologics Process R&D, Novartis Pharma AG, 

Klybeckstrasse 141, CH-4052 Basel, Switzerland. 

Chris Bird, Paula Dilger and Clive Metcalfe, Cytokines and Growth Factors Section, 

Biotherapeutics Group, NIBSC, Blanche Lane, South Mimms, Potters Bar, Herts, EN6 3QG, 

UK. 

Stuart Dunn, Covance Laboratories Ltd, BioCMC, Otley Road, Harrogate HG3 1PY, UK. 

Guoping Wu and Todd Geders, Bioassay, R&D Systems, Inc.614 McKinley Place NE, 

Minneapolis, MN 55413,USA. 

Yong Suk Yang and Gye Mee Jang, QC C&I, Celltrion Plant 2, 20, Academy-ro 51, 

Yeonsugu, Incheon, 22014, Korea. 
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Jia-Ming Yang and Yucai Peng, ADQC Department, Livzon Mabpharm Inc., No.38 

Chuangye North Road, Jinwan District, Zhuhai City, Guangdong Province, 519045, China. 

Hiroko Shibata, Masato Kiyoshi, Akiko Ishii-Watabe, Division of Biological Chemistry and 

Biologicals, National Institute of Health Sciences, 1-18-1, Kamiyoga, Setagaya-ku, Tokyo 

158-8501, Japan. 

Yeonjoo Hong, Bioassay Group 1, QE, Samsung Bioepis, 107, Cheomdan-daero, Yeonsu-gu, 

Incheon, 406-840, Korea. 

Omer Dushek, Marcus Bridge and John Nguyen, Molecular Immunology Group, Sir William 

Dunn School of Pathology, South Parks Road, Oxford, OX1 3RE, UK. 

Chaomei Lin, Joseph Albanese and Ton Geurts, Janssen Biologics BV, Einsteinweg 101, 

2333 CB Leiden, The Netherlands. 

Melissa Snyder and Maria Willrich, Division of Clinical Biochemistry and Immunology, 

College of Medicine, Mayo Clinic, 200 First St SW, Rochester, MN 55905, USA. 

James Kessels and Raf Berghmans, apDia bvba, Raadsherenstraat 3, 2300 Turnhout, 

Belgium. 

Annick de Vries and Tom Lourens, Biologicals Laboratory, Sanquin Diagnostic Services, 

Plesmanlaan 125, 1066CX Amsterdam, The Netherlands. 

Daniel Nagore and Susana Catarino, Progenika Biopharma S.A., Parque Tecnológico 

Bizkaia, Ed. 504, 48160 Derio, Spain. 

Ermis Parussini and Simon Daviere, Theradiag, 14 Rue Ambroise Croizat, 77183 Croissy 

Beaubourg, France. 

Zehra Arkir, Viapath, Reference Chemistry, Biochemical Sciences, 5th Floor, North Wing, St 

Thomas' Hospital, SE1 7EH, UK. 

 

 

 

 



 

Table A3. Assay validity (parallelism of dose-response curves). 

 

Response type 

Upper equivalence bounds 
% of assays invalid % of assays invalid 

v Sample A v IH Ref 

Upper asymptote  

(α) 

Asymptote difference 

 (δ) 

Slope factor  
B C A B C 

() 

ABS 0.130 0.827 0.055 20.7 23.0 21.6 26.8 25.8 

LUM 0.375 2.117 0.119 17.4 24.6 25.9 20.7 25.9 

 

 

 

Table A4. Percentage of invalid assays by parameter, method and standard 

. 

Response Type Standard 

% Invalid due to  

Upper Asymptote 

% Invalid due to  

Asymptote difference 

% Invalid due to  

Slope factor 
n 

A B C A B C A B C A B C 

Abs A   8 11   9 11   16 11   116 113 

Lum A   10 10   10 10   4 10   69 69 

Abs IH 2 5 5 14 15 13 18 11 18 97 97 97 

Lum IH 14 12 7 16 9 19 14 10 14 58 58 58 

 

 



Table A5. Percentage of invalid neutralization assays when ratios were calculated relative to candidate preparation A or IH 

reference 

 

Cell Line Lab 

% of assays invalid vs 

candidate preparation A 

% of assays invalid vs 

Participants IH Reference 

Candidate B 
Coded 

Duplicate C 
Candidate A Candidate B 

Coded 

Duplicate C 

L929 3 
     

L929 4 
     

L929 5 12.5 
    

L929 6 22.2 22.2 22.2 33.3 22.2 

L929 7 
     

L929 8 83.3 100.0 100.0 100.0 83.3 

L929 10 
     

L929 16 
  

25.0 25.0 25.0 

WEHI 164 2 11.1 11.1 
 

11.1 11.1 

WEHI 164 5 
   

11.1 11.1 

WEHI 164 8 46.7 46.7 66.7 83.3 75.0 

WEHI 164 11 33.3 16.7 41.7 41.7 50.0 

WEHI 164 12 40.0 40.0 Not available 

WEHI 164 13 
 

33.3 Not available 

WEHI 164 14 
     

WEHI 164 17 
 

9.1 
  

9.1 

WEHI 164 28 
     

U937 12 
 

50.0 Not available 

U937 17 
     

U937 19 11.1 11.1 Not available 

293-NF 1 
     

HEK293  9 
     

KLJ 8 73.3 86.7 80.0 60.0 80.0 
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TableA6:  Laboratory geometric mean ED50 estimates and final TNF-α concentrations for neutralization assays 

Cell line Lab 
TNF-α 

IU/ml 

Candidate A Candidate B 
Coded Duplicate C 

Participants IH 

standard 

GM of ED50 

(ng) 

GCV 

(%) 

GM of 

ED50 

(ng) 

GCV 

(%) 

GM of 

ED50 

(ng) 

GCV 

(%) 
GM of ED50 

(ng) 

GCV 

(%) 

293-NF 1 50 7.7   8.2  7.7  8.2  

KLJ 8 40 10.0 27.4 10.5 22.7 9.5 23.7 9.9 16.8 

HEK293 9 172 16.5   17.3  16.8  17.8  

L929 3 2.7 ng/ml 10.9 27.3 

 

 

 

 6.5 35.5 

L929 4 10 9.8   10.2  9.6  9.7  

L929 5 7.2 2.3 18.4 2.4 22.2 2.1 24.0 2.3 13.7 

L929 6 15 7.3   7.7  7.2  7.1  

L929 7 20 4.8 4.4 5.1 4.6 4.8 3.0 4.8 4.4 

L929 8 20 4.4   4.9  4.4  4.0  

L929 10 20 1.9 16.6 2.0 19.0 1.9 15.8 1.9 16.6 

L929 16 20 3.7 11.4 4.1 12.0 3.9 7.8 10.8 24.4 

U937 12* 60 10.1 8.7 10.4 13.2 10.3 16.8 

 

 

U937 17 40 8.1 1.6 8.5 1.6 8.0 4.3 8.8 1.1 

U937 19* 40 8.8 2.6 8.7 2.6 8.1 8.6 

 

 

WEHI 164 2 40 9.0 15.5 9.3 16.4 8.8 16.7 8.7 19.5 

WEHI 164 5 21.5 9.0 6.7 9.5 8.2 9.1 5.8 9.7 11.9 

WEHI 164 8 40 6.4 28.3 6.7 14.3 6.3 20.0 5.9 23.5 

WEHI 164 11 100 13.5 15.9 13.9 17.1 13.2 17.5 13.9 14.9 

WEHI 164 12* 60 10.5 14.3 11.0 15.5 10.1 10.8 

 

 

WEHI 164 13* 40 11.2 17.0 12.0 18.3 11.2 18.9 

 

 

WEHI 164 14 2 4.7   5.0  4.8  5.4  

WEHI 164 17 40 6.5 1.5 6.8 1.5 6.4 0.4 6.9 2.5 

WEHI 164 28 4.3 6.5 31.3 6.1  8.6  6.9 30.2 
1
Commercially sourced TNF-α used instead of IS 12/154;GM: Geometric Mean of ED50;GCV: Geometric Coefficient of Variation;  

spaces denote either insufficient data to report results or absence of in-house standard; * indicates labs with no in-house standard  
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WHO COLLABORATIVE STUDY FOR 1ST International Standard (IS) for anti-human TNF- (Infliximab) 

Study Protocol – 16 Aug’16 

Project leader: Meenu Wadhwa & Clive Metcalfe 

1) BACKGROUND 

Recombinant therapeutic monoclonal antibodies comprise one of the fastest growing groups of 

therapeutics Over 35 are approved for use in humans and hundreds more in clinical development. The 

patents on the first monoclonal therapeutic antibodies have expired resulting in the development of 

biosimilar medicines, thereby widening the market for such products and increasing patient accessibility 

to these biotherapeutics. The WHO have recognised a global need for standardization of biotechnology 

products following requests for advice on appropriate control measures to ensure safety, quality and 

efficacy (WHO Technical Report Series, 56th Report, 941: 12-13, 2007).  In the EU two biosimilar 

Infliximab products have been approved, therefore it is important to develop an IS for bioactivity to 

facilitate global harmonization. 

 

2) AIMS OF THE STUDY 

a) To assess the suitability of ampouled preparations of Infliximab to serve as the 1st WHO IS for 

anti-human TNF (Infliximab) by assaying their biological activity in a range of bioassays and 

binding assays. 

b) To assess the relative activity of the ampouled preparations of Infliximab in different assays 

(e.g.bioassays, immunoassays and binding assays etc.) in current use for these materials, and to 

determine if possible the concentrations of Infliximab required to neutralise specific amounts of 

TNF-α IS (12/154). 

c) To compare the ampouled preparations with characterised 'in house' laboratory standards where 

these are available. 

 

1) MATERIALS INCLUDED IN THE STUDY 

Participants will be sent : 

a) A set of samples coded by letter A, B, C (5 ampoules for each preparation) for testing in anti-

human TNF (Infliximab) bioassays and/or binding assays. Each ampoule of candidate material 

contains approximately 50 µg of anti-human TNF (Infliximab). 

b) 5 ampoules of the current IS for TNF-α (12/154), containing 43,000 IU of TNF.  

 

2) RECONSTITUTION AND STORAGE OF PREPARATIONS 
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Prior to initiating the study, please read the Instructions for Use provided with the collaborative study. 

Please note the statements regarding safety and that these preparations are not for human use.  

Lyophilized preparations provided should be stored at -20oC or below until used.  

a) All preparations, A to C should be reconstituted with 1ml of sterile distilled water.  Mix GENTLY 

and ensure contents are completely dissolved prior to use.  

 

b) Reconstitute the IS for TNF-α coded 12/154 with 1ml of sterile distilled water. Mix GENTLY and 

ensure contents are completely dissolved prior to use. This solution contains TNF-α at a 

concentration of 43,000 IU/ml. Use carrier protein (e.g. assay medium containing foetal bovine 

serum) where extensive dilution is required. 

PLEASE NOTE: For binding assays participants should use their own TNF stock and reagents 

3) ASSAY STRUCTURE 

Cell based TNF neutralization assays 

These are based on the inhibitory action of anti-human TNF (Infliximab) which neutralises the biological 

activity of TNF-α. To achieve the aims of the study participants are requested to use a fixed dose of the 

TNF-α IS.  The concentration of TNF-α used should provide a biological response similar to the dose of 

TNF-α routinely used by the participants in their in house cell-based assays for Infliximab.  In our hands 

the following concentrations of TNF-α provide acceptable dose response curves.  Please adhere to these 

concentrations as much as possible, however please confirm that these doses are suitable for your assay 

by conducting a suitable pilot assay prior to the final runs. 

 For L929 assays – we suggest use of a final dose of 10 - 20 IU/ml of TNF- α IS. 

 

 For U937 and WEHI 164 assays –we suggest using a final dose of 40 - 80 IU/ml of TNF- α IS or an 

equivalent dose to that which is routinely used in your in-house assay. 

Please contact us for further guidance if you feel the suggested doses would not provide suitable data. 

PLEASE NOTE: All concentrations are reported as the final dilution in the assay after all components 

and cells have been added.  We ask all participants to report concentrations and doses in this format. 

a) Use a freshly reconstituted ampoule of each preparation A to C in each of the assays.  An assay 

is considered independent if the assay is carried out on different days/occasions. 

 

b) Participants are asked to perform a pilot assay for each assay method used, to ensure that all 

preparations (A to C) are diluted such that the concentration range falls within the working 

range of the assay.  

 

c) If the pilot assay (step b above) provides suitable dose response curves and an adequate signal 

above background ratio, perform at least 3 independent assays for each of the preparations A 
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to C (and in-house standard where available) using the most appropriate dilutions derived from 

the pilot assay for the different preparations tested. 

 

d) Participants are requested to include dilution series for each preparation in duplicate in each 

assay. A suggested assay layout using 3 plates is attached. It is important to ensure that each 

plate includes a dose response curve of the samples A to C. 

 

e) Include appropriate control wells in the assays.  For bioassays, these are blank control wells 

(cells with culture medium but no TNF-α) and also wells containing cells with TNF-α only, at the 

fixed concentration used for the assay. 

 

Cell based ADCC/CDC assays 

For performing these, follow each of the steps a-e as above using your validated in-house assays. 

Binding assays 

These should be carried out using in-house methods or kits, follow each of the steps a-e as above. 

PLEASE NOTE: The IS for TNF-α 12/154, contains 0.6% Human serum albumin as an excipient and 

therefore is unsuitable for use in binding assays; please use TNF  from a commercial supplier. 

4) INFORMATION TO BE SUPPLIED AND PRESENTATION OF RESULTS 

We have included assay method sheets in appendix 2, example layouts (A & B) for microtiter plate 

format, data sheets in appendix 3 for illustrating assay format and  Excel templates (separate excel file) 

for returning bioassay data for the samples tested. For binding assays, this will need to be amended as 

per plate layout used for the assay. 

Please answer the questions on the assay information sheets supplied in Appendix 2 to provide all of the 

details requested for EACH assay AND please record all concentrations and dilutions of assay 

components for EACH assay replicate on the results spreadsheet: 

Information required for each assay is to include: 

a) Assay, and how it was performed. 

 

b) In-house Infliximab standard. 

 

c) TNF-α  preparation. 

 

d) Dilutions used – stock solutions and final dilutions in assay. 

PLEASE NOTE: report all dilutions (Infliximab candidate samples, in house standards and TNF- α 

12/154) as the final dilution in the assay after all components and cells have been added. 
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e) Please PROVIDE ALL RAW DATA (microtiter plate readouts e.g. O.D. or Luminescence Units etc.) 

as direct analysis of the raw data provided by the assays permits data from all participants to be 

handled consistently, as far as possible 

 

f) We request participants to follow the examples provided and enter data as indicated in the 

Excel template (that has been provided separately).  

 

g) Although NIBSC will calculate relative potencies from the raw data provided by the participants, 

participants are requested (if possible) to calculate the potencies of each preparation using their 

own in-house methods relative to their in-house standard. Please provide information of all 

methods used for calculating results. 

 

h) Where participants do not possess an in-house Infliximab standard then please report all 

potencies relative to coded sample A. 

 

5) DATA SUBMISSION 

a) Please provide all information requested as this is needed for compilation of the study report 

following instructions given in the relevant sections of this report by using the provided data 

reporting sheets and Excel file 

b) Please return all completed data spreadsheets and assay method sheets  for all of the replicates 

of all of the assays electronically 

 

Deadline for data submission –1st week January ’17  

6) REPORTING OF RESULTS 

A draft report will be prepared and circulated to all participants for comment prior to submission to the 

Expert Committee on Biological Standardization of WHO. In the report, participating laboratories will be 

identified by a laboratory number only and any request to treat information in confidence will be 

respected. 

For submission of study results and for any further information please email: 

Dr Meenu Wadhwa    Dr Clive Metcalfe 

Tel: +44 (0)1707 641472   Tel: +44 (0)1707 641197 

Email: Meenu.Wadhwa@nibsc.org   Email: Clive.Metcalfe@NIBSC.org 

 

 

 

mailto:Meenu.Wadhwa@nibsc.org
mailto:Clive.Metcalfe@NIBSC.org
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7) CONDITIONS OF PARTICIPATION 

Participants in the collaborative study should note the following conditions: 

a) They participate in the study with the understanding that they agree not to publish or 

circulate information concerning the materials sent to them without the prior consent of the 

NIBSC study organisers. 

 

b) The participants results may be shared anonymously with not-for-profit public health bodies 

in the interests of global harmonization. 

 

c) It is normal practice to acknowledge participants as contributors of data rather than co-

authors in publications describing the establishment of the standard. 

 

d) Individual participants’ data will be reported and coded blind to other participants during 

the preparation of the study report and supporting publications. 

e) All participants’ will receive a copy of the study report and proposed conclusions for 

comment before final establishment of the international standard. 
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APPENDIX 1- Example assay conditions 

 

L929 Cytotoxicity assay - Continuously cultured L929 cells were harvested by trypsinisation when 

confluent, suspended at a cell concentration of 1.25 x 105/ml in L929 growth medium (DMEM containing 

50 units/ml Penicillin, 50µg/ml Streptomycin, 2mM L-glutamine and 5% heat inactivated, HI FBS), and 

seeded at 1.25 x 104 cells/well in 96 well tissue culture plates and incubated overnight at 370C, 5%CO2 in 

a humidified incubator. Dilution series of Infliximab samples were prepared with a fixed concentration of 

TNF-α in separate dilution plates in L929 assay medium (growth medium containing 2% HIFBS and 

1µg/ml Actinomycin D), incubated for 1 hour and the mixture added to  the wells of the L929 seeded 

plates following complete removal of medium. After 24 hrs of incubation in a humidified CO2 incubator, 

20µl of Alamar Blue was added to each well, the plates incubated for another 24 hrs and the absorbance 

measured at a wavelength of 570nm minus 600nm in a microplate spectrophotometer. The final 

concentration of TNF-α was 20 IU/ml while anti-human TNF (Infliximab) ranged from 40ng/ml to 

2.3ng/ml. 
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APPENDIX 2 – Participants Study Details 

WHO Collaborative Study for anti-human TNF (Infliximab) 

 

Laboratory identification…… 

Local standard information 

 

1. What is the nature of your local standard? 

 

 Please state expression system                      ___________      

2. How did you obtain the standard?  

  Bought    ____                       Source    _____________ 

 

  Made in-house    ____       (please give reference if available) 

 

3. What units do you use with the standard? 

 

                           Mass                              ________ 

                           

                           Units                             _________ 

 

4. If units, please provide information on how they were derived            

_____________________________________________________________________________________

___________________________________  
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5. Assay methodology information 

PLEASE NOTE: If more than one assay type is performed then please provide the details for each assay 

type. 

Please record all information on concentrations and dilutions of assay components  relating to EACH 

assay  on the results spreadsheets provided as separate Excel templates. 

Briefly outline the assay methods used (provide full protocol on separate sheets if available): 

 

 

 

 

6. Cell-based assay 

a) Please report details of the cell line, source, seeding density and passage number of cells used in 

each assay, if applicable: 

For ADCC assays please provide details for both target and effector cells. 

 

 

 

b) Please report details of any pre-treatment of the cells before the assay (e.g. removal of growth 

factors): 

 

 

 

c) Details of the ampoule reconstitution, dilution steps and dilution buffer used: 

 TNF-α IS 

 A 

 B 

 C 

 In-house standard 
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Please also provide details of any blanks if applicable: 

d) Dose range of Infliximab used in the assay and the plate layout (please also provide separately in 

the spreadsheet). 

 

 

e) For TNF- α neutralization assays please provide the concentration of TNF-α used in the assay: 

Indicate the concentration of the initial working solution of TNF-α, the concentration used in 

neutralization of Infliximab samples, and also the final concentration in the assay after addition 

of the cells as appropriate for the assay 

For example in some assays - TNF-α working solution = 100 IU/ml; diluted 1:1 with anti-human TNF 

(Infliximab) samples = 50 IU/ml; further diluted 1:1 with cells = 25 IU/ml.  

 

 

 

 

 

f) Length of incubation of the cells with anti-human TNF (Infliximab) + TNF-α: 

 

 

 

 

g) Report details of the readout of the assay (e.g. Absorbance, Luminescence) and the equipment 

used to obtain this readout: 

 

 

 

 

h) Additional comments: 
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7. Binding assay 

a. Details of the ampoule reconstitution, dilution steps and dilution buffer used: 

 TNF-α IS 12/154 

 A 

 B 

 C 

 

b) Please also provide details of any blanks if applicable: 

 

 

 

c) Dose range of anti-human TNF (Infliximab) used in the assay and the plate layout (separately). 

 

 

 

 

d) Concentration and Source/Supplier of TNF-α used in the assay 

 

 

e) Please report details of the readout of the assay (e.g. Absorbance, Luminescence) and the 

equipment used to obtain this readout: 

 

 

 

 

 

 

 

 

 

f)  Additional comments 
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APPENDIX 3: Suggested plate layouts for WHO Collaborative Study for anti-human TNF (Infliximab) 

For reporting of data and dilutions please use the Excel spreadsheet templates provided with this 

protocol. 

The following layouts are suggested for TNF-α neutralization assays.  Similar plate layouts should be 

adopted for ADCC and binding assays. 

 

Example Layout A – Dilutions down the plate 

Plate 1. Sample Layout: 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank blank IH IH A A B B C C TNFα TNFα 

B blank blank IH IH A A B B C C TNFα TNFα 

C blank blank IH IH A A B B C C TNFα TNFα 

D blank blank IH IH A A B B C C TNFα TNFα 

E blank blank IH IH A A B B C C TNFα TNFα 

F blank blank IH IH A A B B C C TNFα TNFα 

G blank blank IH IH A A B B C C TNFα TNFα 

H blank blank IH IH A A B B C C TNFα TNFα 

 

Optional Sample or In-house standard (IH) Pre-dilution: reciprocal e.g. 10 for 1/10 or 100 for 1/100. 

IH   A 
 

B 
 

C   
  

On-plate sample/IH Dilutions (reciprocal e.g.  2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank blank         TNFα TNFα 

B blank blank         TNFα TNFα 

C blank blank         TNFα TNFα 

D blank blank         TNFα TNFα 

E blank blank         TNFα TNFα 

F blank blank         TNFα TNFα 

G blank blank         TNFα TNFα 

H blank blank         TNFα TNFα 

 

 

Final concentration of fixed TNF-α  12/154 used in the neutralization assay: 
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Final sample/IH dilutions/concentrations after all components and cells have been added (reciprocal e.g.  

2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank blank         TNFα TNFα 

B blank blank         TNFα TNFα 

C blank blank         TNFα TNFα 

D blank blank         TNFα TNFα 

E blank blank         TNFα TNFα 

F blank blank         TNFα TNFα 

G blank blank         TNFα TNFα 

H blank blank         TNFα TNFα 

 

 

Response e.g. OD / LUMINESCENCE  (with duplicates listed vertically) 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A 
 

                    
 B 

 
                    

 C 
 

                    
 D 

 
                    

 E 
 

                    
 F 

 
                    

 G 
 

                    
 H 

 
                    

  

 IH=In-house Standard; Blank=Cells only Control Wells; TNFα= cells+TNFα Control Wells 
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Example Layout A – Dilutions down the plate 

Plate 2. Sample Layout: 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank blank B B C C IH IH A A TNFα TNFα 

B blank blank B B C C IH IH A A TNFα TNFα 

C blank blank B B C C IH IH A A TNFα TNFα 

D blank blank B B C C IH IH A A TNFα TNFα 

E blank blank B B C C IH IH A A TNFα TNFα 

F blank blank B B C C IH IH A A TNFα TNFα 

G blank blank B B C C IH IH A A TNFα TNFα 

H blank blank B B C C IH IH A A TNFα TNFα 

 

Optional Sample or In-house standard (IH) Pre-dilution: reciprocal e.g. 10 for 1/10 or 100 for 1/100. 

IH   A 
 

B 
 

C   
  

On-plate sample/IH Dilutions (reciprocal e.g.  2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank blank         TNFα TNFα 

B blank blank         TNFα TNFα 

C blank blank         TNFα TNFα 

D blank blank         TNFα TNFα 

E blank blank         TNFα TNFα 

F blank blank         TNFα TNFα 

G blank blank         TNFα TNFα 

H blank blank         TNFα TNFα 

 

 

Final concentration of fixed TNF-α  12/154 used in the neutralization assay: 
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Final sample/IH dilutions/concentrations after all components and cells have been added (reciprocal e.g.  

2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank blank         TNFα TNFα 

B blank blank         TNFα TNFα 

C blank blank         TNFα TNFα 

D blank blank         TNFα TNFα 

E blank blank         TNFα TNFα 

F blank blank         TNFα TNFα 

G blank blank         TNFα TNFα 

H blank blank         TNFα TNFα 

 

 

Response e.g. OD / LUMINESCENCE  (with duplicates listed vertically) 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A 
 

                    
 B 

 
                    

 C 
 

                    
 D 

 
                    

 E 
 

                    
 F 

 
                    

 G 
 

                    
 H 

 
                    

  

 IH=In-house Standard; Blank=Cells only Control Wells; TNFα= cells+TNFα Control Wells 
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Example Layout A – Dilutions down the plate 

Plate 3. Sample Layout: 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank blank C C IH IH A A B B TNFα TNFα 

B blank blank C C IH IH A A B B TNFα TNFα 

C blank blank C C IH IH A A B B TNFα TNFα 

D blank blank C C IH IH A A B B TNFα TNFα 

E blank blank C C IH IH A A B B TNFα TNFα 

F blank blank C C IH IH A A B B TNFα TNFα 

G blank blank C C IH IH A A B B TNFα TNFα 

H blank blank C C IH IH A A B B TNFα TNFα 

 

Optional Sample or In-house standard (IH) Pre-dilution: reciprocal e.g. 10 for 1/10 or 100 for 1/100. 

IH   A 
 

B 
 

C   
  

On-plate sample/IH  Dilutions (reciprocal e.g.  2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank blank         TNFα TNFα 

B blank blank         TNFα TNFα 

C blank blank         TNFα TNFα 

D blank blank         TNFα TNFα 

E blank blank         TNFα TNFα 

F blank blank         TNFα TNFα 

G blank blank         TNFα TNFα 

H blank blank         TNFα TNFα 

 

 

Final concentration of fixed TNF-α  12/154 used in the neutralization assay: 
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Final sample/IH dilutions/concentrations after all components and cells have been added (reciprocal e.g.  

2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank blank         TNFα TNFα 

B blank blank         TNFα TNFα 

C blank blank         TNFα TNFα 

D blank blank         TNFα TNFα 

E blank blank         TNFα TNFα 

F blank blank         TNFα TNFα 

G blank blank         TNFα TNFα 

H blank blank         TNFα TNFα 

 

 

Response e.g. OD / LUMINESCENCE  (with duplicates listed vertically) 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A 
 

                    
 B 

 
                    

 C 
 

                    
 D 

 
                    

 E 
 

                    
 F 

 
                    

 G 
 

                    
 H 

 
                    

  

 IH=In-house Standard; Blank=Cells only Control Wells; TNFα= cells+TNFα Control Wells  
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Example Layout B – Dilutions across the plate 

Plate 1. Sample Layout: 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank A A A A A A A A A A TNFα 

B blank A A A A A A A A A A TNFα 

C blank B B B B B B B B B B TNFα 

D blank B B B B B B B B B B TNFα 

E blank C C C C C C C C C C TNFα 

F blank C C C C C C C C C C TNFα 

G blank IH IH IH IH IH IH IH IH IH IH TNFα 

H blank IH IH IH IH IH IH IH IH IH IH TNFα 

 

Optional Sample or In-house standard (IH) Pre-dilution: reciprocal e.g. 10 for 1/10 or 100 for 1/100. 

A   B 
 

C 
 

IH   
  

On-plate sample/IH Dilutions (reciprocal e.g.  2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank           TNFα 

B blank           TNFα 

C blank           TNFα 

D blank           TNFα 

E blank           TNFα 

F blank           TNFα 

G blank           TNFα 

H blank           TNFα 

 

Final sample/IH dilutions/concentrations after all components and cells have been added (reciprocal e.g.  

2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank           TNFα 

B blank           TNFα 

C blank           TNFα 

D blank           TNFα 

E blank           TNFα 

F blank           TNFα 

G blank           TNFα 

H blank           TNFα 
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Final concentration of fixed TNF-α  12/154 used in the neutralization assay: 

 

Response e.g. OD / LUMINESCENCE  

 
1 2 3 4 5 6 7 8 9 10 11 12 

A 
 

                    
 B 

 
                    

 C 
 

                    
 D 

 
                    

 E 
 

                    
 F 

 
                    

 G 
 

                    
 H 

 
                    

  

 IH=In-house Standard; Blank=Cells only Control Wells; TNFα= cells+TNFα Control Wells 
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Example Layout B – Dilutions across the plate 

Plate 2. Sample Layout: 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank B B B B B B B B B B TNFα 

B blank B B B B B B B B B B TNFα 

C blank C C C C C C C C C C TNFα 

D blank C C C C C C C C C C TNFα 

E blank IH IH IH IH IH IH IH IH IH IH TNFα 

F blank IH IH IH IH IH IH IH IH IH IH TNFα 

G blank A A A A A A A A A A TNFα 

H blank A A A A A A A A A A TNFα 

 

Optional Sample or In-house standard (IH) Pre-dilution: reciprocal e.g. 10 for 1/10 or 100 for 1/100. 

A   B 
 

C 
 

IH   
  

On-plate sample/IH Dilutions (reciprocal e.g.  2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank           TNFα 

B blank           TNFα 

C blank           TNFα 

D blank           TNFα 

E blank           TNFα 

F blank           TNFα 

G blank           TNFα 

H blank           TNFα 

 

Final sample/IH dilutions/concentrations after all components and cells have been added (reciprocal e.g.  

2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank           TNFα 

B blank           TNFα 

C blank           TNFα 

D blank           TNFα 

E blank           TNFα 

F blank           TNFα 

G blank           TNFα 

H blank           TNFα 
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Final concentration of fixed TNF-α  12/154 used in the neutralization assay: 

 

Response e.g. OD / LUMINESCENCE  

 
1 2 3 4 5 6 7 8 9 10 11 12 

A 
 

                    
 B 

 
                    

 C 
 

                    
 D 

 
                    

 E 
 

                    
 F 

 
                    

 G 
 

                    
 H 

 
                    

  

 IH=In-house standard; Blank=Cells only Control Wells; TNFα= cells+TNFα Control Wells 
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Example Layout B – Dilutions across the plate 

Plate 3. Sample Layout: 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank C C C C C C C C C C TNFα 

B blank C C C C C C C C C C TNFα 

C blank IH IH IH IH IH IH IH IH IH IH TNFα 

D blank IH IH IH IH IH IH IH IH IH IH TNFα 

E blank A A A A A A A A A A TNFα 

F blank A A A A A A A A A A TNFα 

G blank B B B B B B B B B B TNFα 

H blank B B B B B B B B B B TNFα 

 

Optional Sample or In-house standard (IH) Pre-dilution: reciprocal e.g. 10 for 1/10 or 100 for 1/100. 

A   B 
 

C 
 

IH   
  

On-plate sample/IH Dilutions (reciprocal e.g.  2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank           TNFα 

B blank           TNFα 

C blank           TNFα 

D blank           TNFα 

E blank           TNFα 

F blank           TNFα 

G blank           TNFα 

H blank           TNFα 

 

Final sample/IH dilutions/concentrations after all components and cells have been added (reciprocal e.g.  

2 for 1 /2, 10 for 1/10 etc). 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A blank           TNFα 

B blank           TNFα 

C blank           TNFα 

D blank           TNFα 

E blank           TNFα 

F blank           TNFα 

G blank           TNFα 

H blank           TNFα 
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Final concentration of fixed TNF-α  12/154 used in the neutralization assay: 

 

Response e.g. OD / LUMINESCENCE  

 
1 2 3 4 5 6 7 8 9 10 11 12 

A 
 

                    
 B 

 
                    

 C 
 

                    
 D 

 
                    

 E 
 

                    
 F 

 
                    

 G 
 

                    
 H 

 
                    

  

 IH=In-house standard; Blank=Cells only Control Wells; TNFα= cells+TNFα Control Wells 
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WHO COLLABORATIVE STUDY FOR THE 1ST International Standard (IS) for anti-human TNF (Infliximab) 

CS578. 

Annexe 1: Determination of Infliximab concentrations spiked into normal human serum.  

Study Protocol – January 2017 

Project leader: Meenu Wadhwa & Clive Metcalfe 

3) AIMS OF THE STUDY 

To assess the effect of serum matrix on the detection of infliximab IS candidate preparations by 

clinically relevant Infliximab drug level monitoring platforms. 

4) MATERIALS INCLUDED IN THE STUDY 

Participants will be sent : 

c) One ampoule of candidate Infliximab preparation coded by letter A for testing in anti-human 

TNF (Infliximab) drug level monitoring assays. Each ampoule of candidate material contains 

approximately 50 µg of anti-human TNF (Infliximab). 

d) 30 preparations of anti-human TNF spiked into 1ml of normal human serum, labelled NS1-NS30.  

Each of these samples will contain an Infliximab spiked at a concentration between 0 and 15 

µg/ml. 

 

5) RECONSTITUTION AND STORAGE OF PREPARATIONS 

Prior to initiating the study, please read the Instructions for Use provided with the collaborative study. 

Please note the statements regarding safety and that these preparations are not for human use.  

Lyophilized preparations provided should be stored at -20oC or below until used.  

c) The preparation A should be reconstituted with 1ml of sterile distilled water.  Mix GENTLY and 

ensure contents are completely dissolved prior to use.  

 

d) The serum samples NS1-NS30 should be diluted in accordance with the participants in house 

assay protocols. 

6) ASSAY STRUCTURE 

The participant should determine the amount of anti-human TNF (Infliximab) in each of the samples 

NS1-NS30 using their standard in house protocols. However we require a titration of the participants in 

house standard AND a titration of candidate sample A on EACH plate or individual run used in the 

assay.  For assays that use a 96 well plate format we suggest a layout in appendix 2.  If possible we 

would like three independent determinations of the Infliximab levels in samples. 

7) INFORMATION TO BE SUPPLIED AND PRESENTATION OF RESULTS 
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We have included assay method sheets in appendix 1, and example layouts for microtiter plate format 

and data sheets in appendix 2 for illustrating assay format  

Please answer the questions on the assay information sheets supplied in Appendix 2 to provide all of the 

details requested for EACH assay AND please record all concentrations and dilutions of assay 

components for EACH assay replicate on the results spreadsheet: 

Information required for each assay is to include: 

i) Assay, and how it was performed. 

 

j) Details of the In-house Infliximab standard and how it was diluted. 

 

k) Details of how Candidate sample A was diluted and titrated. 

 

l) Details of how the serum samples NS1-30 were diluted. 

 

m) Please PROVIDE ALL RAW DATA (microtiter plate readouts e.g. O.D. or Luminescence Units etc.) 

as direct analysis of the raw data provided by the assays permits data from all participants to be 

handled consistently, as far as possible 

 

8) DATA SUBMISSION 

 

c) Please return all raw data and assay method sheets for all of the replicates of all of the assays 

electronically 

Deadline for data submission –Friday 10th March ‘17  

For submission of study results and for any further information please email: 

Dr Meenu Wadhwa    Dr Clive Metcalfe 

Tel: +44 (0)1707 641472   Tel: +44 (0)1707 641197 

Email: Meenu.Wadhwa@nibsc.org   Email: Clive.Metcalfe@NIBSC.org 

 

mailto:Meenu.Wadhwa@nibsc.org
mailto:Clive.Metcalfe@NIBSC.org
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APPENDIX 1 – Participants Study Details 

WHO Collaborative Study for anti-human TNF (Infliximab) 

 

Laboratory identification…… 

Local standard information 

 

1. What is the nature of your local standard? 

 

 Please state expression system                      ___________      

2. How did you obtain the standard?  

  Bought    ____                       Source    _____________ 

 

  Made in-house    ____       (please give reference if available) 

 

3. What units do you use with the standard? 

 

                           Mass                              ________ 

                           

                           Units                             _________ 

 

4. If units, please provide information on how they were derived            

_____________________________________________________________________________________

___________________________________  
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5. Assay methodology information 

PLEASE NOTE: If more than one assay type is performed then please provide the details for each assay 

type. 

a) Briefly outline the assay methods used (provide full protocol on separate sheets if available): 

 

 

 

 

 

 

 

 

b) Details of the ampoule reconstitution, dilution steps and dilution buffer used: 

 A 

 NS1-30 

 In-house standard 

Please also provide details of any blanks if applicable: 

 

c) Dose range of In house infliximab standard used in the assay. 

 

 

 

d) Dose range of Infliximab candidate A used in the assay. 

 

 

 

e) details of the readout of the assay (e.g. Absorbance, Luminescence) and the equipment used to 

obtain this readout: 
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i) Additional comments: 

 

 



APPENDIX 2: Suggested plate layouts  

If applicable to the assay being performed we provide the following plate layout to show the 

information we require on each plate used in the assay. 

 

Plate 1. Sample Layout: 

 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A IH Can A NS 1 NS 9 NS 16 NS 23 NS 1 NS 9 NS 16 NS 23 IH Can A 

B IH Can A NS 2 NS 10 NS 17 NS 24 NS 2 NS 10 NS 17 NS 24 IH Can A 

C IH Can A NS 3 Blank NS 18 NS 25 NS 3 Blank NS 18 NS 25 IH Can A 

D IH Can A NS 4 NS 11 NS 19 NS 26 NS 4 NS 11 NS 19 NS 26 IH Can A 

E IH Can A NS 5 NS 12 NS 20 NS 27 NS 5 NS 12 NS 20 NS 27 IH Can A 

F IH Can A NS 6 NS 13 Blank NS 28 NS 6 NS 13 Blank NS 28 IH Can A 

G IH Can A NS 7 NS 14 NS 21 NS 29 NS 7 NS 14 NS 21 NS 29 IH Can A 

H IH Can A NS 8 NS 15 NS 22 NS 30 NS 8 NS 15 NS 22 NS 30 IH Can A 
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Appendix 3: Instructions for use. 
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