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Overview
Size Exclusion Chromatography (SEC) is a technique for 
the separation of large molecules such as proteins and 
polymers based on their size in solution. It is one of the 
primary methods for the quantitation of aggregates 
within a protein sample. Consequently, SEC methods 
are commonly used for routine testing and quality 
control lot release for biotherapeutics, and most 
importantly monoclonal antibodies (mAbs).

As per the ICH Q2B guidelines, methods should be 
assessed for method robustness, that is, purposefully 
varied to assess their impact on assay results. 
Determining column-to-column variation is a common 
way to assess how performance is affected by 
differences in column packing, silica batch, and surface 
chemistry. 

As the primary intent of aggregate analysis by SEC is 
quantitation of high molecular weight species (HMWS), 
it is critical that resolution is sufficient to allow for 
proper integration. Additionally, retention times should 
be within an acceptable window. 

In this application note, NIST mAb RM 8671 was 
analyzed using 6 different batches of 150 mm length, 
4.6 mm inner diameter columns packed with 1.8 µm 
200 Å SEC media. The same mobile phase, sample, and 
UHPLC system was used for the analysis. To assess 
method performance, two parameters were prioritized: 
resolution of monomer and HMWS, as well as retention 
time. Additionally, overall sample recovery and peak 
areas were investigated as well.  

Table 1 summarizes the results of the SEC analysis for 
NIST mAb RM 8671. Monomer and HMWS show good 
reproducibility for most chromatographic parameters 
measured. For monomer, retention time and peak 
areas show CVs less than 1%. USP resolution (i.e.
resolution between monomer and HMWS) was less 
than 5%. Other chromatographic parameters for 
monomer, including USP tailing and plate count, also 
showed good reproducibility. 
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HMWS retention time and peak areas also demonstrated 
good reproducibility, with retention time giving less than 
1% CV and peak areas being less than 10% CV. However, as 
peak shape for HMWS is multi-modal for NIST mAb RM 
8671, other chromatographic parameters such as 
efficiency show slightly more variation but are still within 
acceptable ranges. 

Although HMWS and monomer show good reproducibility 
for the primary target attributes (retention time and peak 
areas), fragment does not, with %CVs above 10 for peak 
areas and unacceptably high values for most other 
chromatographic parameters. This is fundamental to the 
low abundance (thus, low peak areas) for fragment since 
they represent less than 0.2% of peak areas. Consequently, 
the recommendation is to either have an upper limit for 
fragment and/or orthogonal methods to identify any 
fragment or clipping (e.g. capillary gel electrophoresis). 

In summary, when assessing column variation for 
robustness assessment for size exclusion chromatography 
methods, the primary target attributes to assess are peak 
areas, resolution, and retention times. Monomer should 
demonstrate excellent reproducibility for all 
chromatographic parameters, while HMWS should give 
good reproducibility for peak areas and recovery. 
Fragment may vary depending on the sample. 
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Batch Number
Retention Time

(min) Area % Area USP Resolution USP Tailing USP Plate Count

M
on

om
er

1 3.041 979103 96.66 2.27 1.1 10322
2 3.089 978862 97.35 2.17 1.16 9093
3 3.089 978862 97.35 2.17 1.16 9093
4 3.041 975646 95.37 2.31 1.1 10316
5 3.03 974433 96.95 2.23 1.1 10036
6 3.063 968101 96.91 2.37 1.09 10261

Average 3.059 975835 96.8 2.3 1.1 9853.5
%CV 0.9% 0.5% 0.8% 3.9% 3.1% 6.3%

D
im

er
/H

M
W

S

1 2.668 32813 3.24 0.89 3073
2 2.709 25246 2.51 0.99 2670
3 2.694 28103 2.82 0.97 2474
4 2.666 29413 2.93 0.9 3023
5 2.68 29494 2.95 0.79 3247
6 2.704 23879 2.41 1 3147

Average 2.687 28158 2.81 0.92 2939
%CV 0.7% 9.0% 8.8% 9.5% 11.2%

Fr
ag

m
en

t

1 3.821 1029 0.1 6.84 1.31 19962
2 3.874 1390 0.14 6.31 1.33 14417
3 3.844 1056 0.11 6.36 0.81 17957
4 3.8 1197 0.12 6.28 1.36 15376
5 3.836 1325 0.13 5.68 1.03 11326
6 3.811 1060 0.11 6.25 1.97 17161

Average 3.831 1176 0.12 6.29 1.30 16033
%CV 0.8% 12.9% 11.0% 4.5% 33.6% 16.2%
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Table 1.  Chromatographic Results for NIST mAb, 6 Batch Robustness Assessment

Figure 1.  Chromatogram Stack, NIST mAb Figure 2.  Chromatogram Stack, NIST mAb (Detail)
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