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Challenges in manufacturing high value 
lyophilized oncology drugs

Key features of a custom-made freeze-drying integrated 
solution



A  B  S  T  R  A  C  T
A complete integrated freeze-drying system designed for high value anticancer products consisting 
of a reduced foot-print freeze dryer with an innovative loading/unloading system, integrating a 
steam-sterilizable slider with no concealed parts which is moved by a contact-free magnetic drive 
mechanism. This innovative system enables the transfer device, or ‘slider’, to remain inside the 
chamber to undergo cleaning and sterilization in place along with the internals of the freeze dryer. 

Integrated with process analytical technologies for pharmaceutical freeze-drying processes, 
including vacuum induced nucleation control that reduces the duration of the primary drying 
cycle and ensures the uniformity and homogenization of the vials in all the batches, respecting the 
product morphology and physiochemical properties. The system is completed with an automated 
inline vial management device able to reject, reintroduce and retrieve vials during loading / 
unloading process designed for automatic detection and treatment of vials in an automatic line.

The nature of the business and the products the pharmaceutical company manufacture require a high degree 
of flexibility and specialization.  This article provides key information of the integrated solution designed 
in accordance with strict requirements of quality to remove risks in oncology manufacturing processes.

Customer 
BSP Pharmaceuticals, a CDMO company 
specialized in the development and manufacturing 
of highly potent oncologic drugs.

Challenge

Most of the medicines BSP Pharmaceuticals 
manufacture require lyophilization and they 
require flexible sterile suites for high value 
oncology products containing solvents under 
isolation technology. They currently have 
several sterile suites, with additional ones being 
constructed. All are equipped with filling lines 
under isolation technology and most of them 
have lyophilization capabilities. The one we are 
focusing this article on had the issue of space 
constraints. A freeze-drying system integrated 
with an automatic loading/unloading system for 
this sterile suite supplied by Telstar is part of an 
integrated solution characterized not only by a 
reduced foot-print dimensions but also completed 
by additional PAT tools, including a vacuum-
induced nucleation system.
 
System description

Layout arrangement to adapt with the space 
requirements: The sterile suite with limited space 
had to include two lyophilizers. The selected 
freeze dryer configuration to fit the available 
space was condensed underneath the chamber 
in a single vessel and a false shelf acting as a 
chamber-condenser isolation valve, for a reduced 
footprint. Loading and unloading was designed 
to happen from the same side with vials arriving 
from the left and leaving also to the left. A gimbal 

type maintenance door was installed to allow 
for reduced swing door opening and ultimately 
space saving.

Integration with third party isolators: The unit 
was integrated with an isolator provided by a third 
party. The units are mirrored with the maintenance 
doors at opposite sides so to minimize the distance 
between the chambers so to minimize the length 
of the isolator. As usual, ergonomic aspects were 

© Azbil Telstar. December 2020 www.telstar.com

CASE STUDY



considered and in addition special care was taken 
to the cleanability aspects, with the base plate of 
the loading/unloading system sloped to the drain.

Cryogenic refrigeration systems: The driving 
force for the client choosing LN2 refrigeration 
system is the nature of its business (CDMO) and 
the composition of the manufactured products: 
anticancer drugs with different solvent content. 
They do not know what their clients’ requirements 
will be tomorrow and LN2 provides them with 
the flexibility to manufacture a wide range of 
products with numerous solvents. The presence 
of solvents demanded the units to be intrinsically 
safe.

Shelf temperature uniformity: For the same 
reasons already stated the temperature and 
pressure performances were quite demanding: 
Cooling rate from +80Co to -70Co of 2Co/min 
and heating rate of 1.5Co, difference between 
shelf maximum and minimum temperature less 
than 1Co on one shelf and less than 2Co on 
the complete shelf stack tested at +80Co, 0Co 
and -70Co. Regarding pressure, the requested 
parameters were: From atmospheric to 0.1 mbar 
in less than 30 min and lowest vacuum of 5x10-3 
mbar with leak rate better than 1x10-2 mbar l/s.

High potent drugs treatment: As explained the 
nature of the manufactured products required 
equipment configuration to protect operators 
and the environment. In this respect, the units 
were provided with filters to protect the dry 
vacuum pump set but also bag-in/bag-out filters 
at the exhaust. Vacuum line neutralization cycle 
and separate drains for solvents, clean and 
contaminated effluents were also included.

Specific process requirements: 

• CIP: Flexibility of cleaning cycles with 
the possibility of using additives. Water 
consumption was minimized combining 

selected number and position of rotary balls 
and fixed nozzles. Rotary balls had built-in 
rotation sensor so to validate their performance 
during the time. Several circuits were designed 
to guarantee full coverage and cycle validation.

• SIP: Validation based on system coldest 
point determination and guaranteeing that it 
reaches more than 121.5Co. Control is based 
on reaching the lethality factor Fo. Fast cooling 
after SIP cycle is reached by immediate shelf 
cooling and chamber cooling by means of 
pillow type heat-exchangers attached to the 
external side of the chamber walls, and door 
with closed circuit of silicone oil cooled by the 
refrigeration system.

Reduced turn-around time: Leak Testing: Two 
filters in parallel with automatic water intrusion 
test filter integrity test. The complete combined 
CIP/SIP/FIT/System Leak Test time is less than 10 
hours. 

Courtesy of BSP Pharmaceuticals

Vial management system: The supply included 
the Lyogistics Smart R3 module. This module 
allows Rejection-Reinsertion-Retrieving of vials. 
It is very useful for vial sampling or to manage 
vials with wireless temperature sensors: By 
software it is selected on which shelf and in which 
position of shelf vials with the sensors are desired. 
These vials have a different stopper colour. The 
Lyogistics Smart R3 automatically inserts the vial 
at the right position when loading so to be placed 
in the chosen location. At the end of the cycle 
when unloading an optical sensor identifies these 
vials and they are automatically retrieved for the 
recovery of the wireless temperature sensor.
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State-of-the-art automatic loading/unloading 
system: Telstar’s Lyogistcs Zero was the selected 
system. It is a magnetically driven system based 
on a moving vehicle with two bars that allow vial 
rows or set of rows being pushed or pulled as 
required. 

It provides flush integration with the isolator 
since the micro-pusher to transfer rows of vials 
from the conveyor belt to the bridge table is fully 
integrated inside it. There is no rear pusher, there 
are no wires or batteries, all servo-motors are 
placed outside the chamber. It is possible to park 
the vehicle inside the chamber and to perform 
CIP/SIP of this push-pull device together with the 
chamber CIP/SIP. It also allows cold shelf loading 
by placing the rows of vials at final position on the 
shelf. Requested loading/unloading speeds were 
200 vpm and 100 vpm respectively for the 20R 
vial.

Deep control of the lyophilization process: It is 
well accepted that uniform freezing of all vials 
and formation of larger crystals result in shorter 
lyophilisation cycles and uniform behaviour of all 
vials during the cycle, including ease of vapours 
to escape the cake.

Of all the different available methods, Telstar 
applies vacuum-induced controlled nucleation 
that has the advantage that no external gases are 
needed. 

Freezing time difference from first to last vial takes 
less than 3 minutes.

Maintenance tools: BSP’s clients are top 
pharmaceutical corporations with high quality 
and cycle repeatability demands which includes 
the requirement for corresponding documented 
evidence and reports. In this respect they asked 
to include, not only all type of redundancies to 
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always guarantee the same cycle performance 
even in the hypothetic event of any component 
break down or supply failure but also devices to 
ensure very early detection of problems, such as 
the use of mass spectrometer for detection of 
silicone oil leak in the system.

Data integrity and batch reporting: Specialized 
redundant control architecture with virtual 
machine approach and third-party validation with 
customized test protocols were fulfilled. 

Conclusion

Telstar supplied a custom-made freeze-drying 
solution fulfilling all the client’s demanding and 
necessary requirements incorporating all the 
constraints imposed throughout the design 
to guarantee the continuity of state-of-the-art 
manufacturing of high value oncology products. 
It includes unique features, and it was successfully 
integrated with a filling line and isolator to 
provide the requested degree of flexibility and 
performance expectations of top pharmaceutical 
companies. 
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About Telstar

Telstar, part of the azbil Group, is a company specialized in the development of engineering & 
construction projects, integrated process equipment and GMP consultancy solutions, including turnkey 
projects and critical installations, for companies associated with Life & Health Sciences (pharmaceutical 
& biotechnology, healthcare, cosmetic, veterinary and food & beverage industries, hospitals, laboratories 
& research centers). Acknowledged as one of the 10 major suppliers for the pharmaceutical industry, 
Telstar is one of the few international manufacturers able to offer integrated process solutions for the 
biopharmaceutical industry with in-house sterilization, freeze drying, containment, process water & waste 
treatment, clean air and cold storage technologies. 
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he was the Lyophilization Technology Unit Manager at Azbil Telstar Technologies, S.L.U., 
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projects. In his current position as Integrated Pharma Systems Business Development 
Manager he primarily addresses lyophilization as a main core technology which also 
includes integration with filling lines and barrier systems. 
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