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Manufacturing

The solid form of a drug substance has 
a huge bearing on its formulation as a 
drug product. In an ideal world, every 
API would reliably form beautiful, 
homogeneous crystals on isolation that 
would be perfect for creating a dosage 
form with excellent bioavailability. But in 
the real world, that is unusual. Rather, a 
significant amount of work is commonly 
required to bridge the gap between the 
bulk API that comes out of synthesis 
and a solid form with all the attributes 
required by formulation scientists to 
make a good drug product.

That bridge is provided by experts in 
solid form services (SFS), who will look 
for a solid form that meets all the needs 
of the formulation team, but, crucially, 
one that can also be scaled up reliably to 
commercial scale. This will include its full 
characterisation, including an assessment 
of whether it has the solubility and 
bioavailability properties that are required.

The first step is likely to be a search for 
the most stable crystal polymorph of the 
API. Molecules can exist in multiple different 
crystal forms (see Figure 1). One of these 
is likely to be more thermodynamically 
stable than the others, and therefore this 
is by far the most advisable choice. Going 
with a metastable polymorph may cause 
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significant problems down the line if it 
interconverts into another form, leading 
to batch failure.

If this crystalline form meets all the 
solubility and bioavailability criteria, this 
would be ideal. But if it is insufficiently 
soluble, the next step would likely be 
the same as it would be were there no 
stable polymorph – to look for a salt or 
a cocrystal.

A salt would be the simplest option, and 
more than half of all marketed medicines 
are sold in salt form, ranging from NSAID 
Voltaren (diclofenac sodium) to erectile 
dysfunction med Viagra (sildenafil citrate). 
If the API has an ionisable group, then it 
can be paired with a suitable acidic or basic 
salt former, and the solubility, bioavailability 
and stability of the resulting salt crystals 
assessed to see if they are suitable for 
formulation.

For APIs with no ionisable groups, 
cocrystals are a viable option. These tend 
to be more stable than salts, and therefore 
might also be a good alternative if the 
salt form’s stability is poor. The difference 
between a salt and a cocrystal is charge 
transfer: salts are ionic (proton transfer), 
whereas cocrystals are a combination of 
two or more neutral species in a crystalline 
lattice. A small number of cocrystals are 
already on the market. Exemestane, a drug 

used in the treatment of early breast cancer 
in women, is poorly water soluble. It has 
been formulated as a maleic acid cocrystal, 
with a polymer added to the dissolution 
medium to vastly improve dissolution 
compared to the parent drug.

Once the search for a lead crystalline 
form, either polymorph, salt and cocrystal, 
has been exhausted, whether because one 
cannot be found or because they do not 
have the right performance attributes, it 
may still be possible to formulate for oral 
delivery. While a crystalline form of a drug 
is preferable, if one is not available then 
alternate technologies such as amorphous 
spray dried dispersions can be a viable way 
to make oral formulations.

Working Through the Workflow
The standard workflow for a solid form 
screen of a drug would start with an 
extensive characterisation of the API, 
including assessing its solubility in various 
solvents, particularly those that are process-
relevant and might be used in later stages 
of development (see Figure 2). With these 
data in hand, an extensive screen would be 
run to look for polymorphs, using different 
methods such as slurry crystallisation, 
cooling crystallisation and solvent/
antisolvent techniques. It is also common 
to look for polymorphs at both ambient and 
higher temperatures. The latter is useful if a 
higher temperature downstream processing 

Figure 1: Possible solid forms of a drug 
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step is likely to be used, as it will assess 
whether a new polymorph might form on 
heating. The idea here is to work out whether 
another polymorph could appear at some 
point within the process-relevant space to 
avoid the potential for batch failure.

Extensive characterisation would be 
carried out on each of these polymorphs, 
followed by competitive slurry experiments 
to define the relationships between the 
different forms, assessing stability and which 
other polymorphs they have a tendency to 
convert into, if any. Ideally, one would want 
to progress the most thermodynamically 
stable polymorph rather than one that is 
metastable, as there is a risk that the latter 
might revert to the former down the line. 
This is even the case if the metastable form 
has the right properties for formulation, and 
the thermodynamically stable one does not. 
In this instance, it might be wise to look to 
an amorphous form instead, or even look to 
make a salt or cocrystal that might not have 
similar polymorphism issues.

If a stable polymorph cannot be found, 
the next step is usually to look for a salt 
or a cocrystal, depending on whether 
the molecule is acidic or basic. In silico 
calculations can be used to determine the 
pKa values, which will highlight whether 
a salt form would be feasible. A standard 
salt screen involves two to three different 
methods of crystal forming techniques 
coupled with eight to 10 counterions. 
All newly identified salt forms are fully 
characterised to see if any of them tick all 
the developability boxes. 

There are many potential counterions to 
choose from. Typically, they are split into 
three categories: (a) Class 1 = unrestricted 
use; (b) Class 2 = low toxicity and good 
tolerability; (c) Class 3 = of potential interest, 

but may have limited precedence or their 
own pharmacological activity. The list of 
counterions in Class 1, all of which the 
FDA deems approvable, is extensive, and 
it is unlikely that a suitable one will not be 
found in that list. Class 2 counterions are 
also likely to be approvable although FDA 
will require better definition. Those in Class 
3 are unlikely to be used for a marketed 
drug, but it can be useful to include them 
in patent coverage to give more extensive 
IP protection. 

If salts do not work, either because the 
properties are unsuitable or because the 
API has no ionizable functional groups, a 
cocrystal is another option in the drive for 
a crystalline form. However, despite their 
potential advantages, they remain unusual 
among marketed products. The screening 
process for a cocrystal is analogous to that 
for a salt. 

While improving solubility is often the 
focus of solid form services, optimising 
the solid form can have other advantages. 
Studies have also been done on the drug 
pirfenidone which is too soluble, and by 
forming a cocrystal the dissolution can be 
slowed down.1

Solubility isn’t the only issue that can 
be addressed with a cocrystal, however. 
Perhaps the most notable is a combination 
heart drug, where the cocrystals comprise 
two different APIs in a single crystal: 
sacubitril and valsartan.2 In another example, 
ertugliflozin is formulated as a cocrystal with 
L-pyroglutamic acid to prevent the active from 
disintegrating, which it tends to do when 
formulated with standard excipients.3

Overall, the goal of a comprehensive solid 
form screening can be a combination of any 
of the following targets:

1. Finding a viable solid form.
2. Robustness of process, stability and 

testing.
3. Ensuring regulatory compliance.
4. Offering intellectual property 

protection.

Crystallisation Process Development 
Whether a polymorph, a salt or a cocrystal 
is found to be the viable solid form, the 
process to make it must be scaled up 
reliably. If the first batch is polymorph A, 
the next batch is polymorph B and the one 
after that a mixture of the two, the resulting 
batch failure will not only be expensive, 
but a hindrance to what are often tight 
timelines in a drug development process. 
The crystallisation space must be tied down 
so that the preferred form is made every 
time.

Another important aspect of crystalli-
sation process development concerns 
morphology and particle size. It is often 
possible to control particle morphology 
and size by changing the solvent system 
(key considerations include dielectric 
constant and hydrogen bonding capability of 
solvent), the crystallisation process (seeded 
vs unseeded, solvent/anti-solvent), or the 
process parameters for the crystallisation 
(rate of addition of solvent/anti-solvent or 
rate of heating/cooling). A more uniform 
particle size distribution is preferable to a 
very wide range of different sizes. Getting 
these process parameters correct in the 
beginning so that the target product profile 
is met can assist subsequent processes to 
run more smoothly, including filtration and 
drying. 

It is not unusual for tweaks to be required 
to the crystallisation conditions as the scale 
increases. What starts out at a milligram 
scale in the lab will gradually increase in 

Figure 2: Standard workflow for solid form screening of a drug
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size, such as to 10g, then 100g, and so on 
into the kilo lab. Even when it is transferred 
to the manufacturing plant, further tweaks 
are likely to be required. However, by 
putting in all this work at a smaller scale 
it narrows down the process for the large 
scale crystallisation. Operators in the plant 
might have to tweak the rate of addition of 
an antisolvent, or the concentration, or even 
the quantity of seed crystals that is added, 
but these should be small changes, not a 
wholesale re-engineering of it. It should limit 
the number of experiments that have to be 
done on a plant scale to optimise the final 
process. 

The Missing Link
There are occasions where, despite a 
comprehensive screening programme, a 
suitable solid form that meets all solubility 
and bioavailability requirements proves 
elusive. Typically, the next step in these 
cases is to investigate the possibility of 
other bioavailability enhancing techniques 
such as spray dried dispersions. In cases 
where an appropriate lead form is found, 
sustainment in bio-relevant media can be 
a problem that requires more formulation 
work in the presence of sustaining 
polymers.

Consequently, it is recommended that solid 
form screening is carried out in conjunction 
with these other bioavailability enhancing 
technologies, and these are evaluated 
in parallel under the same programme. 
This allows a seamless transition from 
drug substance synthesis to drug product 
formulation, rather than being a stand-alone 
operation, or tacked onto either the end of 
synthesis or before formulation. This is likely 
to be faster, not least because the process 
chemists will be thinking about optimising 
the solid form rather than simply delivering 
the correct molecule in any form. The drug 
formulation team will have a fairly good idea 
of how they are likely to be able to formulate 
the product, and what they will be looking for 
from the drug substance team. Solid form 
services is the link between the two, and also 
into the bioavailability enhancement team 
should further technologies be required. With 
all the disparate teams working together, a 
robust, scalable route from synthesis to drug 
product should be found more quickly.
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