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Driven by advances in oncology 
treatments and personalised precision 
medicine, two trends are converging 
to increasingly challenge pharma's 
developers and their external contract 
manufacturing suppliers: highly potent 
active pharmaceutical ingredients 
(HPAPIs) and small batch manufacturing.

Currently, approximately 25% of drugs on 
the market today contain HPAPIs.1 As of 
2022, the global market for these drugs 
was worth $21 billion.2 Finished HPAPI 
drug products range from anti-cancer 
therapies containing small molecule 
cytotoxic compounds, to potent large-
molecule bio logic compounds, to 
antibody drug conjugates (ADCs) and 
hormonal therapies.

Spending on cancer medicine, which 
includes small molecules, biologics, and 
emerging modalities, such as cell and gene 
therapies, rose to $164 billion globally in 
2020 increasing at an average 14.3% over 
the past five years (2015 to 2020), according 
IQVIA.3

Even though IQVIA projects that the 
overall oncology market will slow slightly, 
with a compound annual growth rate 
projected at 8.7%, Market Data Forecast 
analysts predict the market for HPAPIs will 
climb to more than $31 billion by 2027.2 With 
this demand on the horizon, drug sponsors 
will increasingly be challenged to source 
effective specialist HPAPI manufacturing 
capabilities, as well as expertise to formulate 
and finish them into patient-ready drug 
products.3

Development of Biologic Molecules for Oral 
Drug Delivery
Oral biologics are another emerging market 
segment of highly potent API drugs requiring 
highly specialised development and 
manufacturing capabilities. Oral biologics 
already on the market mostly target chronic 
disease treatments to eliminate the need or 
provide a substitute for repeated, frequent 
injections. Targeted indications in this 
segment include diabetes (e.g., similitude), 
irritable bowel syndrome (e.g., linaclotide) 
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and diseases requiring immunosuppressants 
(e.g., cyclosporin A).

 
Even if at present, there is only a very 

limited number of drugs in the market, 
an estimated 4% of ongoing oral clinical 
trials are biologics, some of them potential 
blockbusters (e.g., oral insulin). There is still 
a way to go in these clinical trials and there 
is a risk that they will never come to market, 
as development trends and oral biologics 
begin to attract substantial investment. This 
said, should the efficacy of oral biologics 
in the medium term be proven in existing 
ongoing clinical trials these developers will 
have to secure the specialised capacity to 
manufacture these drug products safely and 
compliantly.

 
Tackling the Challenges of Small Batch 
Manufacturing Flexibly
 Manufacturing large and small molecule 
HPAPIs compliantly demands manufacturing 
under high-containment conditions 
and processing operational controls. 
Specialised operator training with the level 
of containment based on occupational 
exposure limits is another prerequisite. 
While HPAPIs have the potential to treat 
many medical conditions and therefore 
represent a lucrative business opportunity, 
sponsors with promising formulations can 
face significant challenges developing these 
innovative medicines and bringing them to 
market safely and cost effectively. 

 
From ensuring the environmental 

health and safety (EHS) of operators to 
demonstrating to regulators the presence 
of adequate controls to mitigate cross-
contamination risk, pharma manufacturers 
will always be challenged to deliver 
compliant HPAPI capacity cost effectively. 
Market trends for HPAPIs, notes IQVIA, 
suggest that CDMOs will be tasked with 
handling even more demand for HPAPI 

manufacturing services in the near future. 
However emerging drug development trends 
are raising the bar on all manufacturers to 
deliver such high-demand capacity cost 
efficiently because HPAPI batch volumes 
are trending lower not higher.4

 
Trends in personalised medicine and 

patient centred drug design have turned 
pharmaceutical manufacturing economics 
and business models on their head. Drugs 
in the blockbuster era of development used 
to justify enormous capital investment into 
large-scale dedicated facilities. However, the 
rise in the number of orphan-drug approvals 
and an increase in the development of more 
targeted therapies with smaller patient 
populations is resulting in lower-volume 
drugs entering the market.4

 
The development of these and similar 

modalities will require strong adaptations 
by drug manufacturers, as it both affects 
economies of scale and containment controls 
at a given site. Small batch manufacturing 
implies exponential complexity at an 
operational level, to deal with multiple 
substances and products as well as the 
consequent need to shift production between 
batches. The emphasis on processing 
smaller batches more efficiently represents 
significant institutional change. In response 
the industry's contract manufacturers are 
investing heavily in engineering flexible 
small volume HPAPI operations with flexible 
facilities configured to meet the high demand 
for low volume batch manufacturing  
services.

 
Solubility Adding Formulation and 
Manufacturing Complexity
In formulation, highly potent compounds 
and similar drug substances need to 
address two pharmacokinetic problems: 
the ability to transit the gastro-intestinal 
tract and bioavailability. Due to advances in 
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combinatorial chemistry and high-throughput 
screening most of the HPAPIs in today's 
oncology drugs are poorly soluble. The 
implication is that these substances require 
either chemical modifications to increase 
stability, improved coating solutions, or 
other processing/manufacturing methods 
to optimise therapeutic effect and patient 
outcomes.

 
However, it is the compound that ulti- 

mately dictates the individualised solution. 
When it comes to contemporary OSD 
manufacturing capabilities, most leading 
providers are building on decades of 
experience overcoming the challenges 
relative to HPAPIs and controlling solubility. 
Equipment manufacturers are also contributing 
a great deal to the body of knowledge and 
experience to optimise the delivery of highly 
potent, poorly soluble compounds. The 
latest challenge for pharma manufacturers 
(internal and external), however, is how to 
reconcile the extra processing steps (cost 
and complexity) with economies of scale 
associated with small batch, low volume 
production scales.4

 
Optimising Poorly Soluble Compounds for 
Bioavailability and Dose Control
Controlling and optimising the release of 
poorly soluble HPAPIs pose a particular 
challenge to pharma manufacturers, 
often requiring specialised technologies, 
excipients and processing to overcome 
solubility and associated bioavailability 
challenges. Further complicating the issue 
is that no two APIs are alike; each compound 
or molecule has its own unique features that 
mean there is no one-size-fits-all technology 
or formulation approach to successfully 
accomplish solubility enhancement.

 
Nevertheless, in most cases, holding to 

the principles of Quality by Design (QbD) and 
Design of Experiments (DoE) still provides the 
most effective approach. Well-established 
contemporary Good Manufacturing Practice 
(cGMP) principles help to lay a systematic 
foundation for identifying the best most 
effective solubilisation and drug product 
delivery solution to ensure the commercial 
viability of the finished formulation.

Modifying the release of actives and 
controlling dose delivery to improve 
therapeutic performance and patient 
outcomes (e.g., dose compliance and side 
effects) has become a popular strategy 
to mitigate solubility issues. Controlling 
drug release during a defined period at a 
specific rate at targeted locations makes it 

possible for the active substance to be more 
bioavailable once it arrives at the target site.

 
This is particularly relevant for targeted 

HPAPI oncology therapies. Controlled-
release formulations are typically achieved 
by utilising high-molecular-weight, water-
soluble polymers to form hydrophilic 
matrix tablets or by film coating using pre-
dominantly water-insoluble polymers. The 
most important property when designing a 
controlled-release formulation is to ensure 
robust and accurate API release, particularly 
for those with a narrow window of absorption 
and/or therapeutic range.

 
Lower molecular weight polymers, on the 

other hand, are typically used to generate 
a more erosion-based drug-release profile 
for low-solubility drugs, whereas higher 
molecular weight polymers that swell more 
and afford a diffusion-based drug-release 
profile are paired with high-solubility drugs. 
The rate of API release from a sustained-
release coating is modified by changing 
the ratio of the water-insoluble and water-
soluble polymers in the formulation and the 
film coating thickness.

 
Bigger Efficiencies from Smaller Batches 
Need to be Built-in
To achieve economies at small scale, 
flexibility must be "built" in, and integrated 
into a cohesive risk-based operational 
frame that drives efficient safe production 
regardless of batch size or neighbouring 
product programs. However, managing the 

increased complexity of smaller batches 
in controlled environments will continue 
to require scrupulous attention to detail 
and continued technical innovation and 
investment. Contract manufacturers across 
the industry are investing heavily in process 
innovation to advance the quality and safety 
of HPAPI drug substance and drug product 
manufacturing at low-volume scale.4

 
Pharma manufacturers will need to 

integrate similar innovations to keep up 
with the demands HPAPI compounds place 
on processing, quality, and compliance. 
Information and analytical technologies, 
as well as digital controls and automation 
are prerequisites, but machine learning, 
artificial intelligence, and robotics all 
present opportunities to optimise small 
batch HPAPI drug processing and finished 
dose form manufacture.

 
With so much at stake, leveraging the end-

to-end capabilities of a specialist CDMO can 
be a route to accessing the small batch facility 
flexibility to manufacture HPAPI oral products 
reliably and cost efficiently. With better 
production and production data control, the 
better a facility and its operators can deal with 
product change-outs and in-between batches, 
manage product and process data and more 
efficiently and safely deliver finished HPAPI 
drug products to patients and markets.
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