
Safe HPAPI manufacturing: 
Thinking outside the glovebox
Rachel De Luca and Bertrand Cottineau of the CDMO business unit 
at the new Novasep - PharmaZell Group share their knowledge on 
the risk management cycle related to HPAPI manufacturing

done using a two-dimensional matrix 
combining the potential harm and 
its severity, with the probability of 
occurrence to calculate the level of 
risk (Figure 1). 
Nevertheless, risk management 

is never a simple issue. HPAPI risk 
acceptability needs to be evaluated 
regarding health-based data. How, 
then, do we manage the OH risk 
associated with HPAPIs? 

HPAPI risk identification 
& assessment
When thinking about risk at a 
manufacturing site, the first situation 
that comes to mind is the handling 
of bulk drug substance in production 
but there are many more situations 
to consider. Even though the 
finished product is identified as the 
active ingredient, other products 
in the supply chain can be toxic 
and must be considered, including 
raw and starting materials, process 
intermediates and waste. 

with engineering devices. PPE comes 
aftewards, as an additional safety net 
or when collective protection solutions 
are not sufficient.
When the product toxicity (danger) 

and the exposure levels are defined, 
the risks can be mapped.

Risk mitigation in 
process development 
To mitigate risk, everything starts 
from the process development phase, 
where the best synthetic route and an 
optimised process will be designed. 
As the toxicity of the final API cannot 
be reduced, we will focus on the 
toxicity of the other compounds and 
design a synthetic route to reduce the 
number of highly potent intermediates. 
In one example, to which the former 

Novasep contributed, AstraZeneca 
sought a route to Tesirine. This is a 
PBD payload linker for ADC and is 

Due to the risks associated with 
their high pharmacological 
activity, the development and 
manufacturing of HPAPIs needs 

to ensure the safety of both patients 
and employees. This requires a strong 
quality system and HSE culture, and 
specialised high containment facilities 
operated by experienced personnel. 
However, safe handling of HPAPIs 

does not depend on equipment alone; 
CDMOs need to think outside the 
glovebox. In this article we would like 
to share our approach, based on more 
than 30 years of manufacturing of 
HPAPIs and cytotoxics.

Risk applied to HPAPI: 
A CDMO perspective
Whenever there is a probability of 
a hazard occurring, there is a risk. 
The first type of risk associated with 
HPAPI manufacturing concerns 
occupational hygiene (OH), that is 
to say the potential exposure of the 
workers to the products they handle. 
The possible routes of exposure for 
the workers are inhalation, dermal 
contact and ingestion.
Another is the potential cross-

contamination of one API by another. 
This deserves extra attention when 
APIs are produced in multi-purpose 
facilities, which is the case at most 
CDMOs. This induces a risk of a 
patient being exposed to another 
undesired API. In the case of oncology 
drugs, the patient route of exposure 
is intravenous.
Once the risks have been identified, 

they must be rated. This is typically 

product. Once the data is collected, it 
is reviewed and used to categorise the 
product by toxicity level. 
On occasions, very little or no 

specific data is available. In these 
cases, categorisation is made by 
default, meaning that vectorised 
cytotoxic chemical entities must 
be put in the highest toxicity band. 
When more data is available, the OEL 
may be calculated.
The second dimension is the 

evaluation of the exposure level to 
HPAPIs that should be done for a 
specific unit operation at a specific 
work station. The parameters to 
consider are the physical form of the 
product, the operating mode and 
collective protection. 
Personal protective equipment (PPE) 

is deliberately ignored at this stage, 
as it should always be our priority 
goal to ensure workers protection 

Although production is where the 
largest quantities of products are 
handled, activities involving the 
handling of smaller quantities must 
also be considered, such as receiving 
raw materials, sampling, weighing, 
product transfer, R&D bench work, 
QC testing, cleaning, packaging and 
shipping. Activities where HPAPIs 
are not directly involved, but may be 
present, such as maintenance, should 
also not be forgotten. 
HPAPI risk assessment is initiated 

with the evaluation of a product’s 
toxicity. It starts with the collection of 
available data, that is, therapeutic and 
toxicological data, such as mechanism 
of action, therapeutic dose and OEL. 
The client is the primary source of 
this information.
To facilitate the collection of data, 

customer questionnaires are useful 
tools that should be shared as early 
as possible in the project, keeping 
in mind that such data is subject to 
change during the lifetime of the 

one the most toxic payloads with an 
OEL below 5 ng/m3/8h. The original 
route was efficient but involved eight 
highly potent steps. The toxicity was 
due to the PBD ring. Using the same 
advanced intermediate and generating 
the PBD moiety last in the process, the 
number of highly potent compounds 
was reduced to three without affecting 
process efficiency.1

After designing the synthetic route, 
the process will be optimised while 
respecting the strategy presented 
hereafter. First, the optimised process 
should reduce the handling of dry 
powders as much as possible. When 
stability is sufficient, highly potent 
compounds should be kept in solution 
and isolation should be limited to 
the minimum required. That is why, 
for example, highly potent solids will 
be solubilised before being loaded 
into the reactor. 
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Figure 1 - Evaluating the risk with a two-dimensional matrix

HPAPI lab at the Le Mans site
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consequently the handling of highly 
potent compounds. 

Risk mitigation in process 
industralisation
Risk mitigation continues with the 
industrialisation of the process. 
Precautions in terms of exposure 
must be taken at three different levels 
to secure the operations: process 
equipment, protective equipment and 
the facility. 
When selecting your process 

equipment, you will have several 
objectives: first, to make sure the 
equipment train is fully sealed from the 
main vessel to the piping and especially 
the connections; next, to minimise the 
number of connections and invest in 
high quality drip-proof fittings. 
To limit the risk of breakage, metal 

is a better option than glass as the 

When qualified analytical 
methods are available, the actual 
containment performance of the 
collective protective equipment can 
be measured. The test is often done 
using a surrogate product (naproxene 
sodium) according to a pre-
established protocol, representative 
of real lab or production operations. 
Sampling points are defined, on 
the operator, on the equipment, 
next to the weak points and in 
the environment. 
We recommend executing the 

protocol three times (as for a 
qualification), with three different 
operators to integrate the human 
variability, in the presence of one 
witness. This person's role is to 
carefully observe the execution of 
the protocol and support any future 
investigations to understand the 
significant gaps between the highest 
and the lowest results. It will be an 
opportunity to align all workers on the 
best practices.
After analysis of the sample, the 

highest result is retained, multiplied 
by a safety coefficient to define 
the containment capability of 
the equipment. The outcome is, 
for each work station, the lowest 
acceptable OEL. In the case of routine 
production, air sampling can be done 

Then, to limit the handling of highly 
potent compound, the number of 
unit operations should be reduced 
as much as possible. Therefore, each 
unit operation (extraction, distillation, 
isolation, etc.) will be challenged to 
confirm its needs. 
The process should be adapted 

to the facility to ensure that all unit 
operations can be run within full 
containment. This is true for unit 
operations related to the process 
itself, such as reagent loading, IPC 
sampling or salt filtration, but also 
for the cleaning operation, which is 
sometimes very challenging with the 
highly potent compounds associated 
with small batch sizes.
Finally, as for any process, the yield 

and the production scale should 
be increased to reduce as much as 
possible the number of batches and 

installation and the operation of the 
equipment against specifications, 
train the users and perform 
preventive maintenance.
Having the appropriate analytical 

methods is a pre-requisite for 
controlling the exposure. Generally 
associated with product QC, 
they are also used to control the 
cleanliness of the equipment to 
avoid cross-contamination and 
protect the patient.
Controlling cleanliness for the 

equipment and in the working 
environment (surface and 
atmosphere) are required to 
guarantee the safety of the people 
working in production, but also 
those in the labs or doing the 
maintenance operations. But what is 
an appropriate method and what are 
the challenges behind it?
The requirements for product, 

equipment and working environment 
control are all the same: the method 
must be specific, accurate, precise, 
sensitive, linear and robust. With 
HPAPIs, such as payload linkers for 
ADCs, the methods must be even 
more sensitive due to the small 
batch size and the low OELs. LOQ 
needs to be in the ng/mL range as 
you need to detect below 0.05 mg in 
production equipment. 

material of construction, but such 
solutions are not always readily 
available at the small production 
scale of HPAPIs.
Cleanability is a well-known 

requirement for GMP. In this case, 
the high toxicity level makes it an 
even bigger challenge, especially 
when health-based data take your 
MACO below the classic 10 ppm 
rule. Cleanability can be optimised in 
the equipment design phase using 
computer modelling.
Regarding protective equipment, 

two principles should drive your 
decisions: having physical barriers 
between the product and the workers, 
and giving priority to collective 
protection. At facility level, the safe 
transfer of samples and bulk product 
between departments (production, 
QC and R&D) is essential.
At Novasep’s Le Mans site in 

France, we have equipped the ADC 
payload and bioconjugation units 
with the same high double-door 
technology. Even more important, 
production and QC are adjacent, and 
an air-lock cabinet is available for the 
transfer of the samples. 
The bulk product leaving the plant 

may be tested before use at the 
formulation site. One of our practices 
consists of preparing a satellite 
sample to avoid one sampling 
operation. Anticipation always helps 
to reduce the risk.

Exposure control & 
communication
Once measures are implemented to 
mitigate the risk of exposure to highly 
potent products, the actual exposure 
level must be controlled. Physical 
barriers are not 100% leakproof 
and the human variability factor is 
critical especially in the absence of 
a physical barrier. Keep in mind that 
the OELs of HPAPIs are so low that 
the hazard is invisible.
To proceed with the control of 

the collective protective equipment 
itself, the best is to apply in safety 
and occupational health the same 
principles as in quality for cGMP 
production: check the design, the 

in the workshop to confirm that the 
concentration in the atmosphere is 
below the OEL of the HPAPI.
Control does not only apply to 

equipment. The human factor and 
training are key elements of the potent 
compound management system. 
Training is a continuous process, 
subject to efficiency checks. It starts 
with initial training on SOPs, making 
sure that the concepts are well 
understood. It continues with practical 
training at the work station according 
to the AMTS methodology. 
With time, new best practices can be 

identified and shared to raise the level 
of the entire teams. A solid continuous 
improvement process is needed to 
ensure a reliable performance and 
develop know-how. 
Communication is another key 

element to delivering quality 
services and building trust with 
your employees and clients. The 
information generated about the 
products, the exposure and the risks is 
recorded in controlled documents and 
shared with the teams, while clients 
regularly audit systems for CDMOs.

Conclusion
The supply of development and 
manufacturing services for HPAPIs 
requires specialised containment. 
But safe HPAPI manufacturing is 
not just about equipment; it is also 
about expertise and essentially about 
people. Gloveboxes can always be 
purchased but company culture can 
only be built with time.
All the functions of the CDMO have 

a role to play in the management of 
risk associated with highly potent 
compounds - not only those directly 
handling the products either in 
R&D or in manufacturing, but also 
employees not handling the products 
but potentially exposed to them or 
managing related information. 
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Preparative chromatography for HPAPIs at Le Mans

Figure 2 - Key step of the optimised synthetic route to Tesirine
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