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The challenge of handling 
highly potent API and ADCs 
in analytical chemistry
Handling highly potent active pharmaceutical ingredients (HPAPIs) or drug product in a laboratory 
requires implementation of strict security measures. Here, Elodie Barrau and Olivia Jones discuss 
high potency product handling procedures to ensure continued safety.

HIGHLY POTENT active pharmaceutical 
ingredients (HPAPIs) products are 
classified based on their toxicity 
through occupational exposure limits 

(OELs). These molecules are proven to be effective 
at much smaller dosage levels than traditional 
APIs. Some examples of HPAPIs are cytotoxic 
compounds and hormones such as oestrogen.

What defines ‘high potency’?
A high potency (HP) active ingredient or 
intermediate is generally defined as:

 � Having an OEL of 10 μg/m3

 � Having a biological activity in humans from a 
concentration of approximately 150 μg/kg of 
body weight

 � Having high selectivity (ie, ability to bind to 
specific receptors or inhibit specific enzymes)

 � Having the potential to cause cancers, 
mutations, developmental effects or 
reproductive toxicity at low doses

 � A new compound of unknown potency 
and toxicity.

Over 25 percent of total drugs worldwide 
are classified as containing HP compounds 
and 30 percent of product candidates in the 
development pipeline are also HPAPIs, showing 
that this trend will continue.1,2

During the last decade demand for analytical 
chemistry on HPAPIs has grown rapidly, mainly 
due to advances in clinical pharmacology and 
oncology research. All dosage forms may utilise 
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Table 1

Classifications of highly potent compounds

OEL (gas) OEL (powder) Compound Properties Suggested Lab control

≥ 500 ppm ≥ 500 µg/m3 Compounds that are not harmful and/or have low 
pharmacological activity

General room ventilation
Conventional open equipment with local exhaust
Lab coat, safety glasses, gloves

10-500 ppm 10-500 µg/m3 Compounds that are moderately toxic and/or 
have moderate pharmacological activity

Ventilation control (ventilated balances exposure, 
laminar flow)
Lab coat, safety glasses, gloves

0.03-10 ppm 0.03-10 µg/m3 Compounds that are toxic and/or have high 
pharmacological activity*

Ventilation control (ventilated balances exposure, 
HEPA, fume hood)
Lab coat, safety glasses, gloves, sleeve protectors

<0.03 ppm <0.03 µg/m3 Compounds that are extremely toxic and/or high 
pharmacological activity

Isolation technology, vented balance 
safety enclosure

*Many of the new chemical entities (NCE) handled within pharmaceutical research frequently lack sufficient toxicological data, so we assume that it exhibits the 
characteristics of a potent compound. 

HPAPIs including parenteral and solid dosage 
forms. There is particular interest in antibody 
drug conjugates (ADCs), which use monoclonal 
antibodies (mAbs) to selectively deliver HPAPIs 
to specific cancer tumours.

What are the challenges?
The strict high-containment of HPAPI and HP 
drug product during development and testing 
presents great challenges and requires significant 
investments at the laboratory level.

These vital measures require specialised 
approaches in facility design, equipment selection 
and laboratory processes to achieve desired levels 
of containment, minimise operator exposure, 
and to ensure worker protection and safety. 
Additionally, personnel training is crucial for 
implementing safe practices.

Working with HPAPIs is often time consuming, 
however this can be minimised by introducing 
considered work flows, laboratory layout and 
clear procedures, which also ensure that quality 
standards are maintained.

In general, powder HPAPIs pose the greatest 
exposure risk because they can be inhaled. An HPAPI 
that is dissolved in solution or encapsulated may 
pose less risk because it presents fewer routes of 
exposure. These risks may also be specific to the 
API or drug product; for example, a toxin that can 
be readily absorbed through the skin will require 
higher levels of isolation: double packaging, specific 
storage, double check during weighing, etc.

There are also some challenges at the analytical 
method development level:

 � Extremely sensitive methods are needed for 
cleaning validation and cross contamination 
analysis with mass spectrometry coupled 
with chromatography

 � Product heterogeneity concerns for the 
individual components and conjugated ADCs.

Classification of highly potent compounds
While hazards are typically grouped into hazard 
classes that have been harmonised for chemicals,3 
there is no consensus on the term “highly 
hazardous”. However, the European Medicines 
Agency (EMA) has attempted to give guidance 
on this term in their Q&A document EMA/CHMP/
CVMP/ SWP/169430/2012 & EMA/CHMP/CVMP/
SWP/246844/2018.4,5

There is, however, no formally agreed definition 
of the OEL level that constitutes a HP compound. 
To add to the confusion, the same compound might 
be classified differently by individual risk assessors.

The most common system to organise these 
compounds and establish handling guidelines 
includes four categories with varying levels of 
toxicity and potency, with safe handling practices 
assigned to each band.

Handling requirements in the laboratory
According to industry best practices, laboratories 
should ensure their facilities meet the required 
levels for weighing stations as well as programme 
items such as process safety, cleaning, training and 
environmental control.

Systems for handling HP compounds should 
include levels of escalating protection:

 � Protective measures related to personnel
 § Adapted working clothes (lab coat, chemical 

suits, etc)
 § Protective gloves
 § Sleeve protectors
 § Protective goggles.

 � Technical protective measures:
 § Local exhaust ventilation
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“Due to their 
composition, 
ADCs are 
more complex 
to analyse 
than single 
biologicals as 
they require 
testing for the 
mAb, linker, 
payload, ADC 
drug substance 
(DS) and the 
finished drug 
product (DP) 
with levels of 
containment. 
Combined 
with their high 
molecular 
weights, ADC 
structural 
analysis 
represents a 
major challenge 
for analytical 
scientists”
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 § Ventilated laminar flow enclosures
 § Fume hoods
 § Vented balance safety enclosure
 § HEPA-secured weighing box
 § Glove boxes
 § Secure workstation (or isolator).

 � Facility design
 § Trough air pressurisation
 § Restricted access
 § Air lock.

Qualification controls are frequently applied from 
the facility level to individual pieces of protective 
equipment. Moreover, a robust training programme 
must be implemented.

What about waste management?
The analytical process is designed to reduce 
not only the potential exposure of workers, but 
also any impact on the environment, as well as 
guaranteeing the safe handling of any waste (with 
double packaging, different signage and hazard-
specific controls).

Management of residual sample is also an 
important issue for consideration. Extra controls 
are needed, such as ensuring waste containers 
are leak-proof, designating specific HP containers, 
and protection against contamination of the outer 
surfaces of containers.

Example of ADC analytical challenges
ADCs are an alternative to conventional 
chemotherapy, which is intended to kill fast-
growing tumour cells but can also damage healthy 
proliferating cells, which may produce undesirable 
effects. In contrast, ADCs are designed to increase 
the efficacy of treatment and decrease the systemic 
toxicity of chemotherapy drugs.

Due to their composition, ADCs are more 
complex to analyse than single biologicals as 
they require testing for the mAb, linker, payload, 
ADC drug substance (DS) and the finished drug 
product (DP) with levels of containment. Combined 
with their high molecular weights, ADC structural 
analysis represents a major challenge for 
analytical scientists.

For example, free drug-related impurities 
(FDRIs) arising during the manufacture or  
storage/stability study, such as free drug, free-drug 
linker, or any other forms of free cytotoxic drug that 

are not conjugated to the mAb, will need a specific 
analytical method to detect the FDRIs to enable the 
production of the ADC that meets specifications.

Which techniques can be 
performed in a HP lab?
Since powders and solid form HPAPIs or HP drug 
products present the greatest risks, the focus 
is on techniques involving analysis of the solid 
sample. Often the equipment required for these 
techniques is relatively small, so it can be both safer 
and more practical to install them in a dedicated 
HP laboratory. Examples include:

 � Analytical and micro balance
 � Oven, vacuum oven (loss on drying), 

muffle furnace oven
 � Infrared spectrometer
 � Thermogravimetric analyser (TGA) or 

differential scanning calorimeter (DSC)
 � Tablet hardness tester
 � Bulk density apparatus
 � Karl Fischer titrator
 � X-ray diffraction.

Additionally, techniques for HP samples in solution 
can be performed in a HP laboratory. For example, 
ultraviolet (UV) spectroscopy, fluorescence 
spectroscopy and dissolution.

Whether to include larger equipment such as 
high-performance liquid chromatography (HPLC), 
gas chromatography (GC) or mass spectrometry 
(MS) depends on space availability, demands 
of the laboratory, work flows and other use of 
the equipment. Risk is mitigated by ensuring all 
preparation of HPAPIs is performed in the HP 
laboratory and samples are only removed from 
the HP area once in solution and in sealed vials.

Conclusion
The analysis of HP products (HPAPIs and ADCs) 
requires extensive employee training, proper 
equipment and facility design, as well as 
implementation of the necessary procedures to 
safely handle the compounds. The knowledge 
gained through experience is invaluable. Robust 
systems must be employed in all aspects of the HP 
handling programme, from initial project evaluation 
through equipment cleaning, to disposal of process 
hazardous wastes. 
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