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Editorial
Biopharmaceuticals, such as monoclonal antibodies (mAbs),

interferons/cytokines, vaccines etc contribute progressively more to
clinical practice. They are complex macromolecules produced from
living cells by means of biotechnology, usually produced to treat life-
threatening diseases, such as tumors, autoimmune diseases, diabetes,
etc. Compared to traditional drugs, biopharmaceuticals are much
larger in size, which ranges from 2,000 to 2,000,000 Daltons, while
traditional pharmaceuticals are typically within the range 100-1500
Daltons. Another significant difference between them is the number of
active sites (functional groups) in biopharmaceuticals, which is
significantly higher usually 10-2000. All these characteristics make
their investigation of great analytical challenge. Due to their
complexity, biopharmaceuticals require multiple modes of
chromatographic separations. Moreover the fact that exact copies of
biopharmaceuticals cannot be produced; this results to the production
of biosimilars that refer to drugs with similar physicochemical
characteristics, as well as efficacy and safety with the originators. The
ongoing development in biosimilar manufacturing has led to the
demand for complementary analytical methods in order to achieve the
efficient comparison with originators. At present there are more than
200 approved biopharmaceuticals in the market and this is predicted to
increase. Although monoclonal antibodies are the prevailing
biopharmaceuticals, novel drugs like antibody drug conjugates (ADCs)
have become of particular oncological interest. These are capable to
deliver the chemotherapeutic cytotoxic agent directly to the tumor site
antigen. By this approach the risk of damaging healthy tissues is
intensely reduced. Thereby they take advantage of the benefits of large
molecule specificity with small molecule toxicity [1-5].

The analysis of biopharmaceuticals is apparently necessary in many
steps of drug development and manufacture including pre-clinical
research, clinical trials, understanding of molecular mechanisms,
target identification in diseases, pharmacokinetics etc.

Their comprehensive analysis involves multiple liquid
chromatography techniques. Large molecules were always of field of
increased challenge to the analytical scientists and especially to
chromatographers. And this challenge is enhanced due to the
increasing interest in pharmaceutical research and development.

In that direction two dimensional liquid chromatography (LC × LC
or 2D-LC) can provide complementary information on the identity
and purity of compounds, therefore it is a powerful tool in the analysis
of biopharmaceuticals. As such it has been already used in peptide
mapping of therapeutic mAbs (originators and biosimilars) in research
and development studies as well as in the Quality control/Quality
Assurance sectors [6].

Two dimensional liquid chromatographic analysis includes the
partial (heart-cutting) or complete (comprehensive) analysis by two

separation mechanisms, either off-line or on-line. Different separation
modes eg ion exchange, hydrophilic-lipophilic can be combined with
reversed phase chromatography prior to UV or MS detection [7].

The heart-cutting 2D-LC technique can provide information on
peak purity even in cases where a co-eluting impurity present is
present at low concentrations e.g. at 0.8% that could not be detected
using traditional methods [8].

Two-dimensional systems (2D-LC/MS) can be also applied in cases
where fast desalting using an MS compatible mobile phase is necessary
prior to MS analysis. Thereby fractions containing the compounds of
interest are separated by the first dimension using an MS incompatible
mobile phase, then sent to a second dimension HPLC method [9].

Quality in terms of safety and efficacy issues in the final drug
product in biopharmaceuticals can be reassured by modern analytical
approaches and instrumentation as for example for characterizing
protein aggregation of crude in-process bioreactor samples [8,10].

Recent advances in modern instrumentation make all these
combinations commercially available. Switching valves as well as
suitable software offer the possibility to adapt two-dimensional
procedures after only minor modifications to existing HPLC
equipment.
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