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Pharmaceutical companies walk a 
tightrope in early drug develop-
ment. They have to balance speed, 

quality, scientific risk, and API cost. 
Compromising on any one of these 
four crucial elements can prove fatal to 
a product candidate. 

While advancing from preclinical 
through Phase II trials as quickly as 
possible, developers must make a num-
ber of important decisions about product 
formulation and process design. Over-
engineering a Phase I or Phase II drug 

that ultimately fails in the clinic could 
be a costly waste of resources. Neglect-
ing sound science during early formula-
tion and process development, however, 
could mean that a promising Phase II 
drug poised to enter Phase III trials may 
not have a manufacturing process that is 
scalable or commercially viable. 

The competitive and hard-changing 
healthcare market certainly demands 
expeditious and efficient drug develop-
ment from pharmaceutical companies. 
Key stakeholders (e.g., shareholders,  se-
nior management, and board members) 
want a “go/no go” decision at the earliest 
possible stage. Every single product can-

didate, however, requires an investment 
in formulation and product design just 
to reach a point where its clinical and 
commercial potential can be evaluated.

A key milestone occurs when prelim-
inary evidence of efficacy in a relevant 
patient population becomes available, 
typically during or immediately after 
Phase II trials. A study in Nature Bio-
technology showed that slightly more 
than two-thirds (68%) of experimental 
compounds fail at this pivotal Phase II 
juncture. Failure rates are 35% and 40% 
for Phase I and Phase III compounds, 
respectively (1). For the roughly one-
third of Phase II candidates that do 
advance, a scalable and commercially 
viable manufacturing process and 
formulation must already be in place 
or costly, game-changing delays could 
arise. 

All drug developers—from virtual 
and small firms through mid-sized and 
top-20 pharmaceutical giants—face the 
same challenge of being prepared to de-
velop their fraction of viable product 
candidates efficiently no matter their 
business models or exit strategies for an 
asset. The following strategies can help 
companies navigate the drug develop-
ment tightrope and advance product 
candidates with maximum efficiency:

Practice sound science  
and build in quality from day one 
Although FDA and the European Med-
icines Agency (EMA) introduced phar-
maceutical quality by design (QbD) in 
international guidelines more than 
five years ago, most drug developers 
remain unaware that the real benefits 
of sound science go beyond smoothing 
the regulatory pathway. A science- and 
risk-based approach to drug develop-
ment and manufacturing, QbD is an 
opportunity to add value by build-
ing quality into products and thereby 
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gaining a business advantage. It is not 
a mere line item expense.

Adopting a QbD approach at the 
formulation design stage has become 
essential as iterations toward the target 
product profile are minimized, and the 
overall risk to the project is reduced 
(see Figure 1). Other best practices that 
create value and mitigate risk include 
statistical design of experiments (DoE), 
a branch of applied statistics that deals 
with planning, conducting, analyz-
ing, and interpreting controlled tests; 
and failure mode and effects analysis 
(FMEA), a systematic, proactive method 
for evaluating a process to identify 
where and how it might fail and how to 
correct the problems.

For example, FMEA can provide a 
rigorous up-front “set-up” of problems. 
Relying on the unbiased analyses enabled through FMEA 
experimentation and modeling, issues surface that are not 
limited to ones that could have been predicted based solely 
on experience. By identifying and correcting the root causes 
of problems early in the design phase of the process- and 
product-development cycle, companies can cut the risk of 
later stage quality, yield, and supply-chain issues. 

Two recent cases highlight the hazards of neglecting the 
scientific method: 
• A drug company recently developed a tablet formulation 

for a large-dose antiviral drug. The formulation had a 
high drug loading. The formulation and process develop-
ment was performed at an approximate scale of 10 kg. The 
process worked for this scale of operations as the run time 
for compressing the tablets was short. To supply enough 
product for pivotal clinical trials, however, the process 
had to be scaled up hastily to approximately 300 kg. How-
ever, a systematic scale-up study was not performed and 
critical process parameters (CPPs) were not identified. 
Despite the risks, the process was scaled up to 300 kg.  
During compression of the tablets at 300 kg, granules 
adhered to the tooling, and the tablets could not be com-
pressed after the initial run. An investigation revealed 
that the granules had a sticking tendency and formed a 
film on the tablet turret and tooling. Also, the materials 
could not be compressed at higher speeds of compres-
sion. A systematic DOE study of the compression behav-
ior, compressibility, and speeds of compression at a pilot 
scale would have identified the problem, and the issue 
could have been addressed by formulation, process, or 
engineering solutions.

• Another company formulated a potent drug substance 
into a low-dose, solid oral tablet. The process involved di-
rect blending and compression. As the formulation had 
an extremely low percentage of API, the blend and con-

tent uniformity of the API were crucial. But the Phase II 
formulation and process was scaled up to approximately 
150–200 kg without proper process understanding or risk 
assessment. When that happened, the batch no longer 
met the necessary criteria for blend uniformity or content 
uniformity. A systematic study of the impact of particle 
size distribution of the API in the blend, or particle size 
of other major excipients, would have been invaluable 
to identify the CPPs. A study of the influence of various 
blending times on the blend and content uniformity could 
have helped to better characterize the material properties, 
as well as process parameters.
Even small companies—where the exit strategy is to out-li-

cense an asset at Phase I or Phase II—will profit from the QbD 
toolkit. In recent years, diligence conducted on acquisition 
targets increasingly includes a thorough chemistry, manufac-
turing, and controls (CMC) review, in addition to a clinical 
efficacy review. Licensees are well aware that many products 
fail late in development due to CMC deficiencies and/or an 
unfavorable cost of goods profile, a reason why CMC experts 
are now at the table in licensing negotiations. 

Companies that offer QbD-generated data demonstrating 
knowledge of the drug substance, its physicochemical proper-
ties, characterization, raw material and excipient interactions, 
and variability—and how these all affect the dosage form 
design, target product profile, and shelf-life stability—often 
can realize a premium on deal terms. Conversely, compa-
nies that develop assets using short-term, seemingly cheaper 
methodologies may be forced to accept less rewarding terms 
for valuable assets.

Gated reviews assess risk
Developers must perform cross-disciplinary analyses at regu-
lar checkpoints to assess the scientific, clinical, regulatory, 
and commercial risks for a given product, and their strate-

Figure 1: Trend of quality by design-based applications to FDA, 2005–2012. 
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gies may need to change as a result of these reviews. Gated 
reviews that build in quality and bring science to the table 
offer advantages to all companies. 

The window between Phase II and Phase III is crucial. For 
example, one company recently had a stellar, small molecule 
lipid-lowering compound that in several head-to-head Phase 
II studies showed promising clinical superiority over existing 
therapies. Poised to enter a highly competitive cholesterol-
lowering market estimated to be worth more than $100 bil-
lion, the company developed its drug quickly. Clinical trials 
were supplied with a batch production process optimized for 
small- and intermediate-scale manufacturing. 

Now the company needs to conduct two much larger, 
global Phase III clinical efficacy trials simultaneously, plus a 
5000-patient long-term safety study; the firm is struggling to 
produce the larger batch sizes needed for the Phase III study. 
This wholesale  process change could mean that regulators 
will require the reformulated drug to start all over again at 
Phase I.

The moral of this cautionary tale? Phase II development is 
the correct point at which to evaluate the scalability of manu-
facturing processes and the potential regulatory impact of any 
changes, not the brink of launching Phase III. In cases where 
a product’s formulation needs tweaking prior to a Phase III 
trial, a bridging study can be conducted to demonstrate phar-
macokinetics equivalency between the old and new products.

Apply the right standards and  
 product upgrades at the right time
Over- or under-engineering a product for its stage of devel-
opment is a common, costly error. The key is to understand 
phase-appropriate specifications. For example, a Phase I prod-
uct can have impurity levels, stability limitations, and in vitro 

dissolution release profiles that are markedly different (and 
significantly looser) than commercial products. Similarly,  
formulating a product with a three- to four-year shelf life for 
a Phase I trial is an obvious waste of resources.

Phase II products also can have looser specifications. Per-
formance standards, however, will tighten by Phase III and 
launch. For example, for a controlled-release drug, an accept-
able release profile might be to deliver 30–60% of drug within 
4–6 hours (note the 30% delta). By Phase III, the release cri-
teria for the same drug could be tightened to release 40–50% 
of drug in 4 hours, with assurances to regulators that these 
will be the final batch-to-batch quality specifications. By the 
time this drug hits the market, it will fail quality tests if it 
releases, say, 36% at 4 hours, instead of 40%. That’s how tight 
the margins could become with justification.

With a control strategy grounded in systematic scientific 
evaluations including gated reviews (see Figure 2), specifica-
tions can be tightened in a stepwise fashion as a product 
advances from Phase I to Phase III to launch. Through early 
integration of science in formulation and process develop-
ment, companies can create a detailed technical transfer 
plan, bringing on new equipment capabilities as required, 
and ensuring plant availability to deliver when requested. As 
standards are adopted throughout the development process, 
from formulation through commercial manufacturing, a 
firm gains the ability to choose options at each stage that 
are both fit for purpose and best in class.

Science-driven formulation  
reduces risk and creates lasting value 
Use of sound science appropriately applied at critical 
junctures is the only sure route to improve efficiency in 
the high-wire act of drug development. QbD and other 

Figure 2: Gated reviews during product development.
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scientific tools should be viewed as 
opportunities that deliver benefits to 
patients, in the form of safe, effective 
drugs, and to companies, in the form 
of quality products that will gener-
ate value throughout their lifecycle. 
Phase-appropriate, science-driven 
formulation and process design:
• Adds value to an asset and boosts 

return on investment for every busi-
ness model and exit scenario

• Mitigates risk at every stage of de-
velopment

• Allows for efficient success and (often 
as importantly) efficient failure

• Minimizes iterations from pilot 
product to target product profile 

• Reduces the probability of regula-
tory delays by providing justification 
for all CMC decisions

• Creates the ability to tighten product 
standards in a stepwise fashion.
In today’s hypercompetitive health-

care market—populated by increas-
ingly sophisticated buyers of both 
approved and experimental drugs—
companies can no longer afford to 

reduce costs by skimping on science, 
which raises the risks of drug develop-
ment to an unsustainable level. Rather, 
the solution is to build a science-based 
foundation of quality into products 
and processes and then layer on ever-
tightening standards and upgraded 
features appropriately as a drug wends 
its way toward market.
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