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CONFERENCE EXCLUSIVE

T
he outstanding success and 
safety record of first gener-
ation monoclonal products 
has created an immense 
increase in the number 

of product candidates that need to be 
evaluated clinically.  The concept of 
platform purification has emerged in 
response to this need.  A platform is a 
semi generic, multistep purification pro-
cedure that can be applied to a wide 
range of monoclonal antibodies without 
extensive method-scouting and optimi-
zation.  This approach can substantially 
accelerate process development and 
 hasten inception of clinical trials.

There are many options for plat-
forms, nearly all of which employ pro-
tein A affinity chromatography for 
antibody capture and initial purifica-
tion.  Affinity is typically followed by 
an intermediate step to remove residual 
host cell proteins (HCP), product aggre-
gates (Agg), leached protein A (LPA) 
and virus.  Most platforms conclude 
with a polishing step of anion exchange 
chromatography to remove DNA, endo-
toxins (Etox), and retrovirus (Table 1).  
The protein A and anion exchange steps 
can be applied effectively under truly 
generic conditions.  This makes it pos-
sible for process developers to focus 
scouting and optimization on the inter-
mediate step.  It also invites specula-
tion that a single platform might work 
effectively for all antibodies.  A plat-
form based on protein A, followed by 
cation exchange and a polishing step 
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on anion exchange, has been suggested 
for this application.  But even though 
there are sufficient chemical similarities 
among antibodies to make a platform 
approach feasible, the diversity among 
clones exceeds the ability of any single 
platform to accommodate them all.  The 
stakes are increased by therapeutic dos-

ages up to grams per patient per year, 
elevating the risk of cumulative adverse 
effects by trace contaminants.  Given 
that a single platform is too restrictive 
to meet these needs, the next best solu-
tion is a toolbox of platform templates 
that collectively cover a broader range of 
product behaviors.

Options for Platform Development

The major candidates for interme-
diate purification of monoclonal anti-
bodies are: cation exchange (CEX), 
hydrophobic interaction (HIC), and 
hydroxyapatite chromatography (HAC), 
as shown in Table 2.  The dominant tasks 

 
Table 3. A platform template based on an intermediate step of cation exchange chromatography
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for the intermediate purification step are 
removal of leached protein A and aggre-
gates.  Protein A removal is important 
because it is a documented immuno-
toxin with clinical ramifications, and 
because it is an adjuvant protein with the 
potential to promote formation of neu-
tralizing antibodies in the host that may 

block therapy.1-2  Removal of aggregates 
is important because they increase the 
frequency of embolisms in conjunction 
with therapy, and also promote forma-
tion of neutralizing antibodies.3-8

The ability of the intermediate step 
to address leached protein A and aggre-
gates simultaneously is the primary 

determinant of which method will be 
best suited to a particular antibody.  
Qualified candidates can only be identi-
fied by experimentation.  One particular 
method may support adequate removal 
of leached protein A but demonstrate 
poor removal of aggregates — or the 
reverse — or it may remove both well, 

 
Table 4. A platform template based on an intermediate step of hydrophobic interaction chromatography



32 BioProcessing Journal  •  Spring 2006

but each under different conditions.  
That platform may still be feasible if the 
polishing step is able to compensate for 
the deficiency, but the anion exchange 
polishing step is most often conducted 
in flow-through mode which severely 
limits its effectiveness for both aggregate 
and leached protein A removal.  

Continuity of process flow is another 
important consideration.  The objective 
is to avoid concentration or diafiltration 
between the primary fractionation steps.  
Extra filtration steps require equipment, 
development of SOPs, validation, and 
maintenance; they take time to run, 
consume space and materials, com-
pound product losses and process costs.  
If sample preparation going into the 
intermediate and polishing steps can be 
limited to modest dilution and/or addi-
tion of buffer concentrates, it stream-
lines both process development and 
manufacturing with the additional ben-
efit of immense cost savings.  Tables 3–5 
provide platform templates employing 
intermediate steps of cation exchange 
capacity (CEC), HIC, and HAC.  Each 
is set up to avoid extra concentration or 
diafiltration steps.

Cation exchange is consistently the 
most challenging because most anti-
bodies are partially insoluble under the 
binding buffer conditions customarily 
used for this technique — low pH and 
low conductivity.  One practical solu-
tion is to load sample by in-line dilu-
tion: sample is loaded though one pump 
while diluent buffer is loaded simultane-
ously through another.  The two streams 
meet at the mixer, seconds before reach-
ing the column. Exposure time of the 
antibody to desolubilizing conditions 
is too brief for precipitation to become 
a problem.  Another approach is to 
employ one of the recent generation of 
high capacity cation exchangers, some 
of which offer more than three times 
the capacity of conventional exchang-
ers.  High capacity cation exchangers 
are offered under various trade names 
by all of the major vendors in the field 
(UNOsphere™ S, Bio-Rad; Fractogel® 
EMD SO3, Merck; Toyopearl™ Super 
SP, Toso Biosciences; SP Sepharose™ 
XL, GE Healthcare).  Instead of using 
these exchangers for maximum capac-
ity but still being burdened with the 

solubility limitations of the antibody, 
raise the pH or conductivity of the 
sample to the point where the antibody 
remains soluble during loading. This 
will require sacrificing some capacity, 
but the remaining capacity will probably 
still be substantially higher than can be 
achieved with conventional exchangers 
under desolubilizing conditions. 

A third consideration in choosing 
the intermediate step is the amount 
of optimization that each requires.  In 
general, the wider the range of variation 
in retention behavior from one mono-
clonal to another, the wider the range of 
conditions that will need to be screened 
to be sure that the best separation of 
contaminants is achieved.  More varia-
tion is observed on cation exchangers 
than on HIC, and more on HIC than 
HAC.  The screening workload can also 
be compounded substantially by the 
availability of multiple chromatography 
products, each of which gives different 
capacities and selectivities.  The differ-
ences among these products can have 
significant process ramifications.  As a 
result, most developers maintain chro-
matography media libraries to ensure 
that they identify the most effective tool 
for a given task.  All other things being 
equal, the template that meets process 
requirements with the least develop-
ment work best serves the spirit of the 
platform approach. 

The platforms offered in templates 
3-5 are the most conventional in the 
sense of being based on the familiar and 
proven elements of protein A and anion 
exchange (AEX) chromatography, but 
there is a wide range of other options.  
HIC and HAC have the proven ability to 
remove DNA and endotoxin as effectively 
as anion exchange, qualifying both as 
good candidates for polishing.  The fact 
that they do so by different mechanisms 
makes them potentially even more effec-
tive under some circumstances.  Both 
are also tolerant of salt in the feedstream 
which facilitates process flow following 
salt gradient elution from an intermedi-
ate CEC step.  HAC can also remove 
DNA and endotoxin, as well as LPA and 
aggregates in flow-through mode.  A plat-
form with HIC as the intermediate step, 
and HAC as the polishing step (or the 
reverse), also supports good process flow.  

As with the primary platforms, the 
first consideration in evaluating these 
alternatives is the overall complemen-
tary selectivity among the component 
methods.  A two-step platform remains 
a compelling goal.  The potential cost 
reduction in manufacturing alone is 
sufficient to make it worthwhile, and 
both biopharmaceutical companies and 
chromatography suppliers are actively 
pursuing it with the expectation that 
it will prove feasible.  Platforms com-
prising protein A and anion exchange, 
protein A and ceramic hydroxyapatite 
(CHT™ ceramic hydroxyapatite, Bio-
Rad), and protein A and Capto™ MMC 
(GE Healthcare), have all been pre-
sented as potential candidates for this 
application.  The polishing step for each 
is run in bind/elute mode to maximize 
its fractionation potential.  Evaluating 
a two-step platform is a simple matter, 
but this should not imply that taking it 
to the point of a commercial manufac-
turing procedure is as easy.  The simpler 
the eventual manufacturing process, the 
more work there is in developing it; and 
the tighter the specifications must be, 
the more vulnerable it is to external pro-
cess variation, and the more demanding 
the validation. 

Conclusions

Ultimately, there are so many poten-
tial platforms that surveying all of them 
can be nearly as time-consuming as 
doing development from scratch, which 
defeats the original purpose of the plat-
form approach.  Individual companies 
tend to settle on fairly well defined 
conventions for creating new clones and 
for cell culture conditions.  This mani-
fests within a company as a substantial 
degree of similarity in the composition 
and characteristics of the cell culture 
media, which may in turn favor a partic-
ular purification platform.  However, it 
is important not to restrict the options 
until a database has been developed 
indicating the diversity of purification 
behavior that the various products may 
exhibit, and it is important to appreci-
ate that the platform that best serves 
one company may not serve another 
as well. 

A general strategy of evaluating the 
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three primary platforms offered in this 
article is a sound approach.  The differ-
ences in the fractionation mechanisms 
among the intermediate steps, although 
not guaranteed to accommodate all 
antibodies, will certainly accommodate 
the majority.  Individual experience may 
indicate that a particular platform con-

sistently meets a company’s need better 
than the others, but even if this is the case, 
there are other benefits to surveying the 
three primaries as a matter of routine.  
The surface chemical characteristics of 
antibodies influence aspects of product 
behavior beyond purification: product 
solubility, stability, container compat-

ibility; even pharmacokinetic behavior.  
Very strong binding to HIC media may 
reveal a tendency toward nonspecific 
associations that may affect analytical 
methods, and warn of aggregation at 
high product concentrations.  Strong 
binding to CEX media may reveal a 
tendency to form stable complexes with 

 
 
Table 5. A platform template based on an intermediate step of hydroxyapatite chromatography
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DNA, endotoxin, and other contami-
nants.  It is best not to be surprised by 
such revelations.  The ability of a select 
toolbox of platform templates to cir-
cumvent these surprises makes the basic 
strategy that much more valuable.

The only certainty about the future 
of the platform approach is that it will 
change.  The search for alternatives to 
protein A is a major priority for the 
industry.  New mixed-mode selectivi-
ties continue to be introduced, and new 
application formats, like membranes and 
ultra-high capacity, porous particulate 
resins, continue to evolve.  It has recently 
been suggested that phase separation 
technologies and novel precipitating 

agents may find a place in the industry 
as well.  To the extent that any of these 
options has, by their ability to advance 
the field, they will be well received.
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