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Development

T  he pharmaceutical industry continues to face chal-
lenges developing oral drug products from the 
large number of low-solubility drug candidates 
that fall short of in-vivo exposure targets due to 

poor absorption. Overcoming this issue requires use of a 
bioavailability-enabling technology that enhances solubility 
and/or dissolution rate. Spray-dried dispersions (SDDs) are 
widely regarded as the technology of choice for improving 
bioavailability, driven mainly by the technology’s applicabil-
ity to compounds spanning a diverse physicochemical space 
and its scalable manufacturing process, offering the flexibil-
ity and control needed for an optimized drug product (1–2). 

SDDs consist of amorphous drug molecularly dispersed 
within an excipient matrix—typically, a polymer—and are 
targeted to provide improved aqueous solubility and ther-
modynamic driving force for absorption over lower-energy 
crystalline drug forms. Development of SDD formulations, 
given their metastable form, is inherently more complex than 
development of crystalline drug formulations. Success hinges 
on applying an integrated approach where bioperformance, 
stability, and manufacturability are considered throughout 
the development cycle, leading to the simplest, most cost-ef-
fective strategy to an optimized SDD formulation.

Drug developers may leverage in-vitro and in-silico tools 
to obtain ideal in-vivo outcomes for low-solubility drugs 
formulated as SDDs. Specifically, in-silico preformulation 
tools and physiologically based pharmacokinetic (PBPK) 
modeling strategies may help increase understanding of 
bioperformance mechanisms and make early in-vivo ex-
posure predictions; and in-vitro test selection and design 
based on drug physicochemical properties, target dose, and 
species can help advance development.

Belinostat, a poorly soluble drug, offers an example of 
how drug developers have used in-vitro and in-silico tools 
to optimize in-vivo performance (3). The chemical structure 
and physicochemical properties of belinostat are highlighted 
in Figure 1 and Table I, respectively. As the small-molecule 
pipeline contains more solubility-challenged molecules, 

Aaron Stewart is associate principal scientist at Lonza 
Pharma and Biotech, Bend, OR.
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Advancing Spray-Dried Dispersion 
Formulation Development
Aaron Stewart 

Spray-dried dispersion (SDD) technology 
is frequently employed to overcome low-
solubility challenges presented by oral 
solid dosage drugs. In-vitro and in-silico 
tools can help predict in-vivo outcomes for 
low-solubility drugs formulated as SDDs. 
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SDD formulation may become an increasingly important 
part of the drug development toolkit.

In-silico preformulation tools  
for compound classification 
A preliminary assessment of some of the key absorption hur-
dles a drug candidate might face in vivo is crucial at the outset 
of a SDD formulation campaign. The goal is to establish a hy-
pothesis about the rate-determining step to in-vivo absorption, 
so an initial formulation strategy can be devised regarding se-
lection of the SDD matrix polymer and drug loading. 

A preformulation assessment typically starts by predicting 
and/or measuring the drug’s physicochemical properties and 
using this information to perform some simple dimension-
less-number calculations as part of the Biopharmaceutical 
Classification System (BCS) and Fraction Absorbed Classifi-
cation System (FaCS) (4–5). These industry-standard methods 
are designed to identify potential barriers to absorption based 
on compound physicochemical properties and projected dose 
in vivo. Barriers to absorption generally include drug dissolution 
rate, solubility, and/or permeability, all of which play a direct 
role in drug absorption. In the case of belinostat, a fasted beagle 
dog study was planned at a 50-mg dose to get an initial read 
on the relative performance of a belinostat SDD formulations 
compared to that of the crystalline drug form. 

For this test plan, the dissolution (Dn), permeation (Pn), 
and dose numbers (Do) can be calculated using measured 
aqueous solubility data and the physicochemical properties 
for crystalline drug. For crystalline belinostat dosed to fasted 

beagle dogs at a 50-mg dose, the FaCS classification suggests 
crystalline belinostat will demonstrate solubility-limited ab-
sorption. The calculation methods, details of each limiting 
case, and specific values for belinostat are shown in Table II. 

By assessing the rate-limiting case for absorption at the 
outset of a drug development program, efforts can be fo-
cused on the most-promising technology (e.g., SDD) while 
weighing the associated benefits and risks. In the case of be-
linostat, it was clear that if absorption were to be improved, 
the best path forward would likely be via SDD formulation, 
because both aqueous solubility and dissolution rate would 
increase compared to crystalline drug, likely leading to im-
proved absorption and bioavailability.

In-vitro tools for formulation design  
and bioperformance evaluation 
After using in-silico problem statement identification tools, de-
velopers may then select and design in-vitro tests based on three 
main criteria: the physicochemical properties of the compound, 
the target dose and species, and the key performance attributes 
of the formulation based on the (hypothesized) rate-limiting 
step to absorption and target pharmacokinetic profile. 

For belinostat, the key tests employed during SDD devel-
opment were, first, amorphous solubility/polymer screening 
and, second, a gastric-to-intestinal transfer test to determine 
dissolution performance. Fiber-optic ultraviolet (UV) probes 
are used for these tests, which are described in Table III. Data 
from the tests are used as inputs into a pharmacokinetic 
model for in-vivo predictions.

Amorphous solubility/polymer screening. The test for amor-
phous solubility/polymer screening is often the first and 
most important in-vitro assessment before formulation 
screening. Amorphous solubility is measured via sol-
vent-shift UV assay with fiber-optic UV probe detection, 
where drug is titrated from a stock solution in organic sol-
vent into a dissolution medium of interest (with and without 
predissolved polymer). As stock solution is titrated, wave-
lengths are monitored beyond the UV cutoff of the drug in 
an attempt to observe any light scattering that occurs once 
liquid-liquid phase separation is reached, the key indicator 
of the amorphous solubility.

Key outputs of this test are shown in Table III and  
described as follows:

• Drug amorphous solubility: Provides an initial assessment 
of the solubility benefit of the amorphous form relative to 
crystalline drug, which can be fed back into the FaCS cal-
culation to reassess, if necessary, the rate-limiting param-
eter for absorption of the amorphous drug form.

• Polymer sustainment: Measures the ability of each 
polymer to sustain supersaturated drug concentra-
tions (i.e., sustainment), a critical metric for success 
for most SDD formulations.

• Drug/polymer interaction: Identifies unique drug behav-
ior in the presence of each polymer (e.g., polymers may 
suppress the drug amorphous solubility).

Development

Figure 1. Belinostat chemical structure  
(CAS: 414864-00-9).

Table I. Belinostat physicochemical properties.

Property Valuea

Molecular weight (g/mol) 318

pKa 7.9 (acid)

Log P 1.77

Effective permeability (cm/s)
1.1 x 10-4 (human)

3.1 x 10-4 (dog)

Crystalline aqueous 
solubility (µg/mL)

150 (in SGF)b

300 (in SIF)c

a Data extracted from Stewart, et al. (3)
b SGF = simulated gastric fluid (0.01N HCl, pH 2).
c SIF = simulated intestinal fluid (6.7/1.7 mM sodium taurocholate/

lecithin bile salts in phosphate buffer, pH 6.5).
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Development

For belinostat, this test showed the amorphous solu-
bility was substantially higher than the crystalline aque-
ous solubility (Table IV). Sustainment of supersaturation 
was excellent for the three polymers that were evaluated: 

polyvinylpyrrolidone (PVP K30), PVP vinyl acetate (PVP 
VA64), and the M grade of hydroxypropyl methylcellulose 
acetate succinate (HPMCAS-M). Interestingly, the amor-
phous solubility of belinostat was significantly altered by the 
presence of polymer and was specific to each polymer type. 
This result suggests that polymer selection for formulation 
screening would hinge more on the attenuation effect of the 
amorphous solubility than on sustainment of supersatura-
tion. It also suggests that each formulation has a different 
ceiling with respect to the overall solubility enhancement 
relative to crystalline drug. 

Lastly, recalculating the FaCS classification for amor-
phous belinostat suggests that belinostat SDDs will be dis-
solution-limited rather than solubility-limited, driven by the 
formulations’ substantial solubility enhancement over crys-
talline belinostat. As such, maximizing the rate and extent 
of SDD dissolution should be a key focus area.

Fiber-optic UV probe dissolution. Dissolution testing using fi-
ber-optic UV probes is a quintessential part of the in-vitro 
bioperformance toolkit for many drug developers and man-
ufacturers. Fiber-optic probes afford the opportunity to per-
form real-time data collection and analysis with high time 
resolution and minimal effort compared with conventional 
manual sampling methods. They also provide the oppor-
tunity to perform orthogonal characterization concurrent 
with the experiment to establish a mechanistic understand-
ing of formulation performance with respect to dissolution, 
precipitation, and drug speciation.

Given the results of the amorphous solubility/polymer 
screening test, prototype SDD formulations were manu-
factured at a 25% (w/w) belinostat drug loading with PVP 
VA64, PVP K30, and HPMCAS-M. These formulations 
were then tested in a gastric-to-intestinal transfer disso-
lution test. Experimental conditions were chosen based 
upon the amorphous solubility results and the nominal 
dose/volume for a fasted beagle dog to optimize biorele-

Table II. FaCS calculations for dose (Do), dissolution (Dn), and permeation (Pn) numbers for crystalline belinostat 
dosed at 50 mg to fasted beagle dogs (physiological parameters for dogs were established based on the literature) 
(6–8). GI is gastrointestinal.

Parameter Crystalline belinostat Limiting case General relationship
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15.2b Permeability
Limiting when
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a Assumes a 25-µm drug particle that follow classic dissolution kinetics.
b Uses permeability value reported in Table I.
c Uses 50-mg dose and solubility values reported in Table I.

Table III. In-vitro bioperformance test methods employed 
for belinostat spray dried dispersion (SDD) development.

In-vitro bioperformance test Outputs

Amorphous solubility/
polymer screening

• Drug amorphous solubility
• Polymer sustainment
• Drug/polymer interaction

Gastric-to-intestinal 
transfer dissolution test

• Dissolution rate and extent in 
gastric and intestinal media

• Precipitation rate in gastric  
and intestinal media

• Drug speciation (free drug,  
micelle-bound, nanospecies)

Table IV. Amorphous solubility and polymer-screening 
results for belinostat. HPMCAS-M is M grade of 
hydroxypropyl methylcellulose acetate succinate, PVP 
K30 is polyvinylpyrrolidone, PVP VA64 is PVP vinyl 
acetate, HCl is hydrogen chloride, SGF is simulated 
gastric fluid, and SIF is simulated intestinal fluid.

Sample
Amorphous 

solubility in SGF 
(µg/mL)a

Amorphous 
solubility in SIF 

(µg/mL)b

Belinostat >1,800 >2,500

Belinostat + 300 µg/mL 
HPMCAS-M

800 1,300

Belinostat + 300 µg/mL 
PVP K30

700 1,200

Belinostat + 300 µg/mL 
PVP VA64

300 500

a SGF = 0.01N HCl, pH 2.
b SIF = 6.7/1.7 mM sodium taurocholate/lecithin in phosphate  

buffer, pH 6.5.
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vant conditions. Test conditions, method descriptions, and 
results are shown in Figure 2. 

The dissolution data aligned well with the amorphous 
solubility results for the SDDs in simulated gastric f luid 
(SGF) (nonsink dose) with the exception of the HPM-
CAS-M SDD. HPMCAS-M is an enteric polymer with low 
solubility at pH values below 5.5, resulting in limited dis-
solution of belinostat from the SDD particle in SGF. In 
simulated intestinal fluid (SIF) (sink dose for all SDDs), the 
results suggested the following rank by performance: PVP 
K30 > HPMCAS-M > PVP VA64. The PVP K30 SDD was 

clearly superior in SGF, providing the highest dissolution 
rate and dissolution extent of all SDDs.

Pharmacokinetic modeling  
for hypothesis testing and in-vivo prediction
The final step before in-vivo evaluation is to build a pharma-
cokinetic model incorporating key in-vitro data for predic-
tion of in-vivo performance. The goal is to continue the hy-
pothesis-driven formulation strategy by setting expectations 
in vivo that are aligned with the formulator’s understanding 
of drug physicochemical properties, in-vivo study design, 

Figure 2. Dissolution results for belinostat in simulated gastric fluid (SGF) (0.01N HCl, pH 2) and simulated intestinal 
fluid (SIF) (6.7/1.7 mM sodium taurocholate/lecithin in phosphate buffer, pH 6.5). Transfer from SGF to SIF occurred 
at 30 minutes (1:1 dilution). HPMCAS-M is M grade of hydroxypropyl methylcellulose acetate succinate, PVP K30 is 
polyvinylpyrrolidone, PVP VA64 is PVP vinyl acetate.

Figure 3. Pharmacokinetic simulation results and observed data for belinostat SDD formulations dosed to fasted beagle 
dogs at a 50-mg dose. (Complete details of this study and original figure published by Stewart et al. [3])
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and how each formulation performs in vitro with respect to 
dissolution, precipitation, and drug speciation.

For belinostat, this includes incorporating physicochem-
ical properties, amorphous solubility data with unique sol-
ubility inputs for each SDD, as well as dissolution kinetics 
for each SDD in both the stomach (ca. pH 2) and the intes-
tine (ca. pH 6.5). Pharmacokinetic parameters were estab-
lished using intravenous data generated in beagle dogs, and 
the resulting simulations were compared to the observed 
in-vivo data results (Figure 3). 

Results suggest that the simulation using amorphous 
solubility and dissolution data did an excellent job pre-
dicting the in-vivo outcome. Additional model parame-
ters for sensitivity analysis (not shown) helped elucidate 
the key metric for in-vivo success for these formulations: 
dissolution rate and extent of dissolution achieved in 
the stomach before gastric emptying into the intestine 
for absorption.

Conclusion
SDD technology is a unique and broadly applicable plat-
form for improving the oral bioavailability of poorly 
soluble drugs. However, successful SDD development re-
quires a deep scientific understanding of amorphous sys-
tems and their behaviors in vivo. Leveraging in-silico and 

in-vitro tools when developing SDD formulations saves 
time and resources during development by improving 
understanding of the key barriers to absorption, as does 
possessing the tools to accurately evaluate these types of 
formulations in vitro. 

The belinostat SDD case study demonstrated the use 
of these tools and concepts, ultimately leading to an opti-
mized outcome and successful in-vivo testing. As low-sol-
ubility and low-bioavailability molecules grow more prev-
alent in small-molecule drug development, having access 
to best-in-class SDD manufacturing capabilities may be-
come more important for pharma and biotech innovators. 
Working with external partners may help provide access 
to these capabilities, particularly for smaller or emerging 
firms that often lack sophisticated manufacturing capa-
bilities in-house. 
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Development

Continuus Pharmaceuticals received a $69.3 million US government contract in 
January 2021 to build a continuous manufacturing facility for US-production of 
critical APIs and finished dosage forms and bring the company’s Integrated Con-
tinuous Manufacturing (ICM) technology for end-to-end production of small-mol-
ecule drugs to commercial scale. Continuus, which was launched in 2012 from the 
Massachusetts Institute of Technology (MIT) using technology developed at the 
Novartis–MIT Center for Continuous Manufacturing, currently has a functioning 
pilot plant at its Woburn, MA site. The new ICM facility at the site, slated to start up 
within two years, will be the first US current good manufacturing practices (CGMP)
certified facility for end-to-end, ICM-based production of small-molecule drugs.

The ICM technology shortens drug production time from months or years to 
days. Under the US government contract, Continuus will produce vital medicines, 
including those in short supply. The company also plans to manufacture generic 
medications and provide contract manufacturing services to the industry. The 
ICM technology also enables distributed manufacturing, because it can produce 
multiple types of drugs and can be set up to be portable.  

Pharmaceutical Technology spoke with Bayan Takizawa, co-founder and chief 
business officer of Continuus.

End-to-end manufacturing
PharmTech: What needs have been driving your work in end-to-end pharma 
manufacturing? Has the pandemic accelerated plans for commercialization?

Takizawa (Continuus): There definitely is a positive trend of increased 
interest in continuous manufacturing from pharma companies, both innovator 
and generic. We observed this before the pandemic and were able to grow our 
pipeline significantly from when we first started eight years ago. There are several 

reasons for this rise in interest, and I will name just a few. First, several companies 
have successfully submitted drug applications with significant continuous 
manufacturing components, such as Vertex and Johnson & Johnson. Thus, there is 
a regulatory pathway. Second, related to the first, the US FDA and other regulators 
have provided guidance on the topic, and have been active in engaging companies 
implementing advanced manufacturing through their Emerging Technology Team 
at the Center for Drug Evaluation and Research. Third, US government agencies 
such as the Biomedical Advanced Research and Development Authority and the 
Department of Defense have been keenly aware of [US] foreign dependence 
on critical drugs and have been working with companies to develop advanced 
manufacturing capabilities at home, even before the pandemic. Finally, from our 
own company perspective, with each successful project, pharma companies have 
been able to understand better the advantages of ICM. The COVID-19 pandemic 
highlighted our pharma supply chain vulnerabilities in a big way. As a result, I 
believe, many ongoing activities and planned projects were accelerated with the 
intent of combatting the current crisis and preparing for future events.

PharmTech: What are some of the challenges you are addressing as you 
scale up from your pilot plant facility to the CGMP facility?

Takizawa (Continuus): An example of a challenge is long-term processing 
equipment reliability. ICM will require 24/7 operations of processing equipment, 
which is different from the campaign model used in batch manufacturing. To 
ensure that they are functioning within their respective parameter limits, we 
will utilize real-time monitors and employ rigorous predictive maintenance 
strategies and tools.

— Jennifer Markarian

Building up end-to-end continuous manufacturing
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Manufacturing

D uring a hands-on seminar held in July 2019 in 
Leverkusen, Germany, the authors compared the 
performance of five medium-sized rotary tablet 
presses to see how well they handle formulations 

that are prone to causing poor flowability, overlubrication, 
and capping. The equipment vendors IMA, Kikusui, Korsch, 
Romaco Kilian, and Syntegon (formerly Bosch), whose 
presses were used in the tests, were allowed to adapt filling 
system configurations for each formulation, without chang-
ing punches or dies.  In order to ensure anonymity, no actual 
names were assigned to the results; the presses are identified 
as RP 1, RP 2, RP 3, RP 4, and RP 5. 

The following trials were performed for each of the for-
mulations at the same theoretical dwell time: A force-hard-
ness profile was generated to compare the tableting behavior 
of the various presses. The next step was either to minimize 
the standard deviation of tablet weight (srel), or to investigate 
the inf luence of precompaction pressure. The final chal-
lenge was to maximize output while staying in spec. 

Materials and methods 
Rotary tablet presses. Tables I and II provide overviews of the 

relevant properties of the participating rotary tablet presses 
and the used fill shoe configurations. All rotary presses used 
the same standard Euronorm EuB tooling with a punch tip 
diameter of 8 mm and a radius of curvature of 12 mm. EuBB 
dies with the same tapering dimensions were used. 

Formulations. To test the rotary tablet presses, the formulations 
consisted mainly of excipients that are seldom used for direct 
tableting, or are used in smaller quantities. All of the formu-
lations were blended in a drum hoop mixer (J. Engelsmann 
AG, Germany). 

Formulation 1: Poor flowability. Formulation 1 contained of 74% 
GranuLac 200 (lactose, Meggle), 24.5% Tablettose 70 (lactose, 
Meggle), and 1.5% LIGAMED MF-2-V (magnesium stearate, 
Peter Greven). This formulation is characterized by its poor 
flowability (Table III), because of the large amount of GranuLac 
200. GranuLac 200 has an average particle size of 30 μm, and is 
typically used in wet or dry granulation processes. To improve 
the flowability, some Tablettose 70, an agglomerated lactose 

Barbara Fretter, barbara.fretter@solids-development.
com,* is managing director of Solids Development 
Consult GmbH, Leverkusen, Germany; Maarten 
Lammens is managing director of Solids Development 
Consult GmbH, Leverkusen, Germany; Karl G. Wagner 
is professor of pharmaceutical technology at the 
University of Bonn, Germany; Robert F. Lammens is a 
freelancer on the advisory board of Solids Development 
Consult GmbH, Leverkusen, Germany.

*To whom all correspondence should be addressed.
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Handling Challenging  
Powders in Tableting Operations
Barbara Fretter, Maarten Lammens, Karl G. Wagner, and Robert F. Lammens 

Tests evaluated commercial rotary tablet presses 
to see how effectively they deal with problems 
such as poor flow, overlubrication, and capping.
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with an average particle size of 190 μm, was added. Despite the 
difference in particle size, the flowability of this blend was still 
sufficiently poor so that segregation would not likely occur. 

Formulation 2: Overlubrication. Formulation 2 was com-
pounded of 84% UNI-PUR WG 220 (pregelatinized corn 
starch, Ingredion), 14.5% VIVAPUR 105 (microcrystalline 
cellulose, JRS), and 1.5% LIGAMED MF-2-V (magnesium 
stearate, Peter Greven). Formulation 2 was sensitive to den-
sification speed and prone to overlubrication. The latter was 
tested before the seminar began. Increasing mixing times and 
intensities resulted in a decrease in tablet strength. The flow-
ability of UNI-PUR was reduced by adding a poorly flowing 
microcrystalline cellulose with an average particle size of 15 
μm. This forced the tablet presses to use a higher impeller 
speed and mixing intensity.

Formulation 3: Capping. For Formulation 3, 78% of the brittle 
TRI-CAFOS 500, a spray-dried tribasic calcium phosphate 
(Budenheim), which is mainly used as a disintegration en-
hancer in concentrations of 10–30% (1), was mixed with 20% 
highly elastic corn starch MAIZE STARCH BP (Ingredion) 
and 2% LIGAMED MF-2-V. The goal was to obtain a formu-
lation that showed capping at higher tableting speeds. 

To compare the density of the pow-
der during filling with the bulk and 
tap density, the filling density of the 
powder was calculated from the filling 
height, the dimensions of the die, and 
the tablet weight. Tablet mass, height 
(thickness), diameter (D), and crush-
ing force (CF) were determined with a 
semi-automated tablet hardness tester 
(ST-50, Sotax). The tensile strength (TS) 
of the tablets was calculated according 
to Francke (2) using the formula for 
equivalent tablet height (heq), as shown 
in Equation 1. 

TS=(2∙CF)/(π∙D∙heq ) 
[Eq. 1]

In order to characterize tableting 
properties, tensile strength was plotted 
against compaction pressure or tablet 
density. These plots included the sin-
gle values of 10 tablets per compaction 
pressure level as well as their average 
value. The standard deviation of tab-
let weight (srel) is based on the weight 
of 50 tablets. The maximum allowed 
srel was determined by modifying past 
approaches (3). The experimental setup 
for all three formulations was quite 
similar. At first, extended force-hard-
ness profiles were made at compaction 
pressures of 50 MPa to 300 MPa with-
out precompaction pressure. 

The second task was either to minimize the standard de-
viation of tablet weight (as with Formulations 1 and 2), or 
to examine the influence of the precompaction force (For-
mulations 2 and 3). Finally, the presses were challenged to 
maximize the output without allowing a standard deviation 
of tablet weight above 2% or a tablet crushing force of less 
than 80 N (Formulation 1), 40 N (Formulation 2), or 60 N 
(Formulation 3). 

Table I. Key numbers of the participating rotary  
tablet presses.

No. of 
punches

EuB + 
EuBB dies

Max. 
Output 
[tbl/h]

Pitch  
Diameter

[mm]

max. 
turret 
speed 
[rpm]

IMA Prexima 300 41 295,200 380 120

Kikusui Aquarius G-J 45 324,000 410 120

Kilian KTP 420 45 324,000 410 120

Korsch XL 400 44 316,800 410 120

Syntegon TPR 5001 50 360,000 470 120

1 formerly Bosch

Table II. Fill shoe configurations of the rotary presses for the different 
formulations.

Formulation Fill shoe type Impeller type(s) Fill cam

IMA Prexima 300

1. poor flowability 3 Paddle round offset 12 mm

2. overlubrication Standard flat 12 mm

3. capping Standard 2 flat 12 mm

Kikusui Aquarius 
G-J

1. poor flowability PFC closed 9 mm

2. overlubrication PFC closed 9 mm

3. capping PFC closed 9 mm

Kilian KTP 420

1. poor flowability F2C round/flat 12 mm

2. overlubrication F2C tapered 16 mm

3. capping F2C flat 12 mm

Korsch XL 400

1. poor flowability Force feeder round/tapered 14 mm

2. overlubrication Force feeder round/tapered 14 mm

3. capping Force feeder round/tapered 14 mm

Syntegon TPR 
5001

1. poor flowability 3 paddle square 10 mm

2. overlubrication 2 paddle square 12 mm

3. capping 2 paddle square 12 mm

1 formerly Bosch

Table III. Bulk + tap density, Hausner ratio, and Carr’s index for the three 
formulations that were tested.

Formulation 1: 
Poor Flowability

Formulation 2: 
Overlubrication

Formulation 3:
Capping

Bulk density [g/ml] 0.57 0.47 0.51

Tap density [g/ml] 0.85 0.65 0.65

Hausner ratio [-] 1.48 1.39 1.29

Carr’s index [%] 32.6 27.8 22.2 
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Results
Problem formulation 1: Poorly flowing material. Figure 1 shows the 
extended force-hardness profiles for all five rotary tablet 
presses. In Figure 1a, tablet tensile strength is plotted as a func-
tion of compression pressure and in Figure 1b as a function 
of tablet density. Three presses had to be used with a small 
precompaction force of 1.3 – 2.1 kN (precompaction pressure: 
25–40 MPa) to prevent damage to the main compression roll. 

As obvious from Figure 1a, the tensile strength versus compac-
tion pressure profiles were not identical for the various presses. 
This is not unexpected, because this plot is based on the ma-
chine parameter compaction pressure. Any differences that 
were seen could have resulted from differences in the following: 

• Densification process of the powder bed height (e.g., due 
to small differences in the overall densification profiles). 

• Die fill process, due to specific machine vibrations.
• Force measurement systems, which are calibrated stati-

cally, without proof that the statically obtained calibration 
data are also valid during the dynamic tableting process.  

Figure 1b, which shows tensile strength versus tablet density, is 
based on tablet properties only, and is independent of machine 
parameters. Data from four of the five presses coincided. Only 
RP 1’s results differed slightly from those of the other presses: 
At the same tablet density, a lower tensile strength was obtained. 
This might be due to differences in the rearrangement phase of 
the powder particles. Additionally, this might be explained by 
mixing intensity within the fill shoe. The latter hypothesis is 
supported by the results from Figure 2, showing the powder den-
sities during filling, calculated as percentage of the tab density. 
RP 1 was the only tablet press that densified the powder bed 
during filling. 

Figure 2 shows the standard devia-
tions of tablet weight (srel) at two dif-
ferent dwell times: 9 ms and 6.5 ms. All 
rotary presses were able to produce tab-
lets with an srel of 1.5% or less, which is 
sufficient for a tablet weight of 240 mg. 

Interestingly, RP 1 achieved the low-
est srel of 0.54% and 0.65% for the higher 
tableting speed. This seems to correlate 
with die-fill density, which is equal to 
tap density, and therefore higher than 
it is for the other tablet presses. For RP 
2, RP 3 and RP 4, the die fill density 
nearly equaled the bulk density of the 
powder, while, for RP 5, the obtained 
die-fill density was even slightly lower 
than the bulk density. These differ-
ences are most likely due to differences 
among the fill shoe devices in the vari-
ous presses. Higher powder density was 
achieved within the RP 1 fill shoe than 
within the fill shoes of the RP 2, RP 3, 
and RP 4 presses. At the same time, the 

Manufacturing

Figure 1. Formulation 1; dt = 9.0 ms; (a) Tablet tensile 
strength vs. compaction pressure; (b) Tablet tensile 
strength vs. tablet density, (* = a precompaction force 
of 1.3 – 2.1 kN was applied in order to prevent damage 
to the machine).

Figure 2. Srel of tablet weight (n= 50, Ø: average tablet weight) and fraction of 
tap density during filling.
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powder in the RP 5 fill shoe appeared to 
have fluidized, slightly. 

For Formulation 1, densification of 
the powder bed within the fill shoe is 
beneficial for achieving the standard 
deviation of tablet weight. In this case, 
the small loss in binding capacity (Fig-
ure 1) was irrelevant because, with all 
presses, the minimally required tablet 
strength was achieved. In Figure 3, the 
results of the challenge are summarized. 
Upon an increase of the tableting speed, 
srel became larger for RP 1, RP 2, and RP 3, 
while it stayed constant for RP 4 and RP 5 (compare to Figure 2). 
For the other presses, a slight increase of srel was observed, but 
all presses achieved an srel of less than the requested 2%, sur-
prising results, given the poor flowability of Formulation 1. The 
target crushing force of 80–100 N was achieved for all presses, 
and the maximum outputs of all presses are comparable. Re-
lating these outputs to the maximum possible levels would 
have been an interesting exercise but would have allowed the 
identities of the individual presses to be identified. The range 
was 83–100% of the maximally possible output. From these 
data, it can be concluded that even very poorly flowing mate-
rial can be processed with modern rotary tablet presses at high 
speed and an appropriate standard deviation of tablet weight. 

Problem formulation 2: Tendency to overlubricate. Figure 4 shows 
the extended force-hardness profiles of Formulation 2. As 
with Formulation 1, the compaction pressure versus tensile 
strength profiles (Figure 4a) were not identical, and deviated 
more than the tensile strength versus density profiles (Figure 
4b). The explanation for the larger differences is the same as it 
is for Formulation 1. Differences between the tensile strength 
versus density profiles, if any, are practically irrelevant. With 
RP 3, the lowest tablet density and therefore the lowest tablet 
strength was obtained, most likely because this was one of 
the two presses that operated at zero precompaction force. 

Figure 5 summarizes the tensile strength values obtained, as 
well as the applied pre- and main compaction forces and the 
speed of the fill shoe impeller. All presses were able to produce 
tablets that provided the requested crushing force of at least 
40 N. By applying a larger main compaction pressure, larger 
crushing forces were also achieved. Additionally, applying a 
precompaction pressure in general resulted in stronger tablets. 
When increasing the tableting speed, the impeller speed had to 
be increased as well. Nevertheless, no relevant overlubrication 
could be observed. The target crushing force of 40 N was still 
achieved with all five rotary presses. 

Differences between the presses could be observed with 
respect to the impeller speed used, which is much higher 
for RP 1, RP 2, and RP 3 than for RP 4 and RP 5. The risk of 
overlubrication by the impellers distributing the lubricant 
more intensively within the powder bed is therefore smaller 
for RP 4 and RP 5. In addition, differences in the applied 
compaction pressure could be observed. Whereas a much 

higher pressure was applied for achieving the requested tab-
let strength with RP 1 and RP 3, the rotary presses RP 2, RP 
4, and RP 5 could manage with less. 

Whether these differences in force are caused by a reduc-
tion of tablet strength due to intensive stirring in the fill 
shoe or by the speed sensitivity of the formulation could not 
be concluded from this experimental setup. Figure 6 compares 
the tablet crushing force with the achieved output in tablets per 
hour, and shows the variations in tablet weight that were ob-
tained. All of the presses tested fulfilled the required  values: 

Manufacturing

Figure 3. Srel of tablet weight (n = 50; Ø: average tablet weight) in relation to 
the largest achieved output challenge (output rounded to 10,000 tbl/h).

Figure 4. Formulation 2; dt = 38 ms. (a) Tablet tensile 
strength vs. compaction pressure; (b) Tablet tensile 
strength vs. tablet density (* = a precompaction force 
of 1.8 – 2.3 kN that was applied to prevent damage to 
the machine).
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40 N crushing force and the srel of tablet 
weight of less than 2% having an output 
of about 300,000 tbl/h or more. For three 
of the five rotary presses, the fill shoe con-
figuration was changed between Formu-
lation 1 and 2 (Table II). 

Problem formulation 3: capping tendency. 
The tableting properties of Formulation 
3 are shown in Figure 7 for all five presses 
at a theoretical dwell time of 15 ms. Al-
though for RP 1, RP 3, and RP 4 a pre-
compaction force had to be applied to 
keep from damaging the main compac-
tion roll, capping tendencies were still 
present for RP 3, as obvious from the 
reduction of the tablet strength at 300 
MPa main compaction pressure. 

In contrast, RP 2 showed no cap-
ping, even though no precompaction 
pressure was applied. As seen with 
Formulations 1 and 2, when plotting 
compaction pressure versus tensile 
strength (Figure 7a) differences between 
the rotary presses were larger than they 
were when plotting tablet density versus 
tensile strength (Figure 7b). 

It is remarkable that tablet tensile 
strength varied only slightly, from ap-
proximately 2 MPa to 2.7 MPa, whereas 
the corresponding values obtained for 
tablet density ranged from 1.41 g/cm3 

to 1.57 g/cm3. The tablets with the high-
est density were produced with RP 2, 
as shown in Figure 8. These tablets also 
proved to be the strongest. To this end, 
at RP 2 the largest main compaction 
pressures of approximately 300 MPa 
had to be applied, followed by the main 
compaction forces of approximately 200 
MPa at RP 3, required for obtaining tab-
let strengths of 2–2.5 MPa. 

For the three remaining tablet presses 
RP 1, RP 4, and RP 5, distinctly lower 
main compaction pressures had to be applied (130–160 MPa). 
For RP 1, RP 4, and RP 5, 90% precompaction pressure 
resulted in the highest tablet strength, whereas for RP 2, 
precompaction pressure of 20% (10% for RP 3) seemed to 
be optimal. This result confirms that the level of precompac-
tion pressure depends on the properties of the powder that 
is to be compressed. Figure 9 shows results of  maximizing 
the output while realizing tablets with at least 60 N hardness 
and a standard deviation of less than 2%. The maximum 
output obtained ranged from 260,000–320,000 tbl/h. For 
precompaction, a low level between 5% and 13% of the main 
compaction force was chosen, except with RP 4, where a 

precompaction force of 84% of the main compaction force 
was applied. For all presses, the filling density was slightly 
lower than the bulk density. Table II shows which filling sys-
tem was used to test this type of formulation. 

Summary
Regarding Formulation 1, all presses were able to handle this 
poorly flowing material. Even at high to maximum speeds, 
excellent standard deviations of tablet weight of less than 
1.54% were obtained. The predensification of this powder to 
tap density within the fill shoe of one of the rotary presses 
seemed to be beneficial for this blend, resulting in the small-

Figure 5. Tablet hardness achieved vs. applied precompaction (PCF) and 
main compaction pressures and impeller speed used (* = a precompaction 
force of 1.8 – 2.3 kN was applied to prevent damage to the machine).

Figure 6. Tablet crushing forces (CF) obtained in relation to the largest 
achieved output challenge (output rounded to 10,000 tbl/h).



s18    Pharmaceutical Technology    SOLID DOSAGE DRUG DEVELOPMENT AND MANUFACTURING 2021    PharmTech .com

est standard deviation of tablet weight.  
Formulation 2 could also be processed 
into in-spec tablets. All presses achieved 
the tablet crushing force and maxi-
mally allowed standard deviation of 
tablet weight. Formulation 3’s capping 
tendency could be reduced by applying 
precompaction force.  In short, results 
of these tests show that modern rotary 
tablet presses have been designed to be 
able to adapt to the specific properties 
of the powders that they are processing, 
resulting in in-spec tablets. 
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Figure 7. Formulation 3; dt = 15 ms (a) Tablet tensile strength vs. compaction pressure; (b) Tablet tensile strength vs. 
tablet density (* = a small precompaction force of 0.5 – 1.8 kN that was applied in order to prevent damage to the 
machine).

Figure 8. Tablet density vs. tablet tensile strength for different 
precompaction pressure levels, dt = 9 ms. Numbers positioned near the 
data points correspond to precompaction pressure levels.

Figure 9. Tablet crushing forces (CF) obtained relative to largest output 
challenge (rounded to 10,000 tbl/h). PCF is precompaction force.
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Manufacturing

P  owder mixing, a key step in the manufacturing 
of solid dosage pharmaceuticals, is more chal-
lenging than mixing liquids. While it can be rela-
tively easy to move liquids around by optimizing 

pumping and piping systems, bulk solids do not flow easily, 
making materials transfer more difficult. Processing solids 
depends on controlling and optimizing particle-size dis-
tribution and dynamic f low properties such as f lowability 
and compressibility. These properties are inherent material 
characteristics and determined experimentally. In the past 
few years, pharmaceutical manufacturers have adopted 
computer-based simulation approaches to reduce the cost 
and improve the results of technology transfer and equip-
ment selection, and to improve the overall solids mixing 
process itself (Figure 1) prior to tableting or encapsulation. 

In technology transfer, a product moves from the labo-
ratory to a pilot plant or the manufacturing f loor, or from 
one equipment scale or type to another. Previously, this 
transition was a weak link in drug development. R&D pro-
fessionals used to speak of throwing processes “over the 
wall” to manufacturing. Traditionally, the most common 
approach to technology transfer has relied primarily on 
a reiterated cycle of testing, trying, learning, then retest-
ing, a costly and time-consuming approach. Such testing 
was done manually, using bench-scale testing methods to 
mimic manufacturing operations (e.g., blending, solids 
dissolution, and filling). 

However, manual techniques often failed to ensure that 
processes scaled well to a production setting. In addition, 
the processes could be tedious, error-prone, expensive, and 
time consuming. Often, a large amount of design-of-exper-
iment (DoE) data are needed to determine the conditions 
that will maximize product yield, another aspect of tradi-
tional technology transfer that adds complexity, cost, and 
time. Simulation tools can be used to develop a roadmap for 
technology transfer involving changes in materials, scale, 
and process variability based on a fundamental understand-
ing of the processes and science involved (1). Simulation 
can benefit internal transfers or those to a contract man-
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Harnessing Predictive 
Simulation to Improve Mixing
Harbinder S. Pordal and Clint A. Haynes

Predictive computational methods are finding 
wider use in pharmaceutical solid dosage 
development, particularly in mixing and 
blending, to improve tech transfer and equipment 
selection, and speed the acquisition of process 
understanding.
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ufacturing organization (CMO) or contract development 
and manufacturing organization (CDMO). Digital tools 
are increasingly being used to improve mixing. The mixing 
equipment used at one site such as R&D lab may be different 
from the equipment that will be used at the site where the 
process will be transferred such as a CDMO’s manufactur-
ing site. This particular tool focuses on differences between 
impeller-generated flow patterns in two mixing vessels at 
the different sites, as illustrated in Figure 2. It uses digital 
solutions-based analysis to characterize mixing behavior 
and extract key performance parameters for the process, 
allowing the technology transfer team to achieve parity be-
tween parameters in the two vessels by adjusting individual 
process parameters and/or equipment configuration. This 
approach minimizes expensive testing and reduces devel-
opment time and cost. 

Portable equipment
Digital tools can also be used to determine the suitability 
of a specific type of equipment for the given process and 
product. For example, skid-mounted systems are designed 
to offer portability, flexibility, and quick changeover, and to 
allow the same equipment to be used in multiple applica-
tions. Mixing and blending operations are commonly placed 
on a skid.  In deploying a skid-based mixing system, the 
following questions must be considered: 

• Does the equipment have sufficient horsepower to run 
the process? 

• Does the vessel configuration provide adequate mixing? 
• How can proper mixing in the vessel be assured? 
• Is the batch over-mixed, under-mixed, or the mixing 

is just right? 
• For solids suspension, is there settling of solids in the 

vessel that can result in product nonuniformity? 

• Is any air, which can affect efficacy and shelf life, en-
trapped in the product? 

• How can solid suspension be balanced with air entrap-
ment? Aggressive mixing ensures solid suspension but 
entrains too much air, while gentle mixing does not 
entrain air but may result in settling of solids. 

• What is the best location in the vessel to sample the 
product for quality assurance? 

• How can the process be run most efficiently? 
• Is there opportunity to improve throughput and  

reduce cost? 
In a traditional setting, these questions would be an-

swered during equipment procurement or process devel-
opment and deployment stages. However, in a f lexible 
manufacturing environment, these questions arise more 
frequently and must be answered quickly. For these situa-
tions, digital solutions-based analysis can be coupled with 
selective rheological or bench-scale testing to provide a 
rapid way to determine whether equipment will be suitable 
for a specific application. This approach minimizes risk 
and waste, allowing informed decisions related to suitabil-
ity of equipment to be made well in advance of deployment. 

For example, consider a skid-based system used to 
manufacture a suspension product. Sufficient agitation 
is necessary to prevent settling of particulates from the 
suspension. At the time of skid deployment, it is crucial 
to measure the impeller’s revolutions per minute (rpm) for 
the process. However, excessive agitation will lead to air 
entrapment and affect the efficacy of the product. Optimal 
rpm is therefore necessary to ensure suspension unifor-
mity while minimizing air entrapment. 

Digital analysis can be used to determine the impact of 
rpm on particle concentration in the vessel. This analysis 
can also be applied to extract key parameters that result in 

Manufacturing

Figure 1. Overmixing can result in segregation of ingredients depending on particle size, density, particle attributes, 
mixing equipment configuration, and process conditions. Using digital simulation to study these issues can minimize 
expensive trials, reducing development time and cost. 
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air entrapment. Figure 3 shows how modeling can be used 
to optimize the balance of required properties. 

For powder/granular f low analysis, the digital simula-
tion technique is selected depending on the powder f low 
regime. For situations where powder/granular flow is rapid, 
the predictive methods developed for f luid f low apply. In 
cases where friction dominates, both discrete element 
methods as well as fluid flow techniques apply. Use of these 
methods is illustrated in the following example. 

For tablet and capsule manufacturing process, binders, 
f lavoring agents, colorant, disintegrants, anti-adherent 
agents, glidants, and lubricants must all be added to the 
primary excipient and API and mixed. The application of 
digital simulations to this type of mixing application is 
shown in Figure 1. In this case, the mixing of two granular 
ingredients is simulated using discrete element methods. 
The interactions between the granular particles and the 
enclosing vessel are simulated based on the fundamental 
laws of physics. In this example, the equipment is not op-
timal for mixing and the simulation shows the segregation 
of ingredients. Simulations like this can be applied, not 
only to select the best equipment, but to optimize process 
conditions to achieve optimal mixing. 

Digital simulation-based analysis coupled with selective 
bench-scale testing provide a rapid means to determine suit-
ability of equipment for different applications. The use of 
predictive analysis minimizes risk and waste so informed 
decisions related to suitability of equipment can be made 
prior to deployment. Other processes where digital simula-
tions coupled with selective customized testing have been 
leveraged for process development and technology transfer 
include lyophilization, spray drying. and powder-filling sys-
tems. The heat, mass, and momentum transfer associated 
with particle transport during spray drying can be simu-
lated with a great deal of accuracy providing high fidelity 
digital models that are leveraged to optimize and trouble-

shoot the process and associated equipment. Similarly, con-
veying of powder during filling can be evaluated to prevent 
issues associated with fillers such as dust generation and 
deposition of powder over sealing surfaces of packages. 

Trends for the future
As the industry moves toward Pharma 4.0, digitization, data 
analytics, machine learning, and artificial intelligence will 
increasingly be used to improve productivity and quality 
while reducing costs. It must be recognized, however, that 
this cannot be achieved through data alone; a hybrid ap-
proach leveraging physics and data science is necessary to 
realize the benefits. Solid-dosage forms are manufactured 
using ingredients in powder form. Digital simulations pro-
vide a means to quantify critical process parameters (CPP). 
Powder materials exhibit complex behaviors and it is not 
possible to relate the critical quality attributes (CQA) of the 
final product to CPP based purely on computational meth-
ods. Customized testing is required to make the connection 
between input parameters and CQA.  

In the near future, the industry may see increased use 
of a hybrid approach that combines physics-based models, 
customized test data, and artificial intelligence algorithms 
to generate surrogate models that relate ingredients, pro-
cess equipment attributes, and process conditions to CPP 
and CQA. At this point, however, digital simulation tools 
continue to gain ground in solid dosage form development 
and process optimization. 

Reference
1. S. Yeom and D. Chiu, Pharmaceutics 11(6), 2019. PT

Figure 2. By studying the differences in flow patterns 
and velocity fields between two mixers with different 
impellers, tech transfer was optimized. 

Figure 3. Simulation was used to study the impact of 
impeller speed on suspensions. At lower rpms, solids 
settling increased, as shown here.
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Manufacturing

D  emanding regulations and tight quality toler-
ances drive the need for accurate analytical in-
formation in real time to ensure manufactured 
drugs are safe and effective. Process analytical 

technology (PAT) must deliver fast and data-rich analysis 
so that manufacturers can accurately measure critical pro-
cess parameters (CPPs) that affect critical quality attributes 
(CQAs). PAT is crucial to the process of manufacturing 
drugs in compliance with regulations.

PAT uses established spectroscopy technology and ad-
vanced statistical computer modeling to deliver informa-
tion about the manufacturing process. Optimal system 
characteristics include fast, easy access to analytical data 
to address production problems with minimal downtime; 
a nondestructive process so drug product is not wasted in 
quality testing; reliability; and low maintenance.

Raman spectroscopy measures the light-matter interac-
tions (the scattering of photons due to bond vibrations in a 
molecule) via a laser and detector. The vibrations generate 
a Raman spectrum, a unique molecular fingerprint of the 
analyzed substance, providing both quantitative and qual-
itative molecular compositional information. The chemo-
metric models produced by a Raman system by collecting 
and preprocessing molecular compositional data are linear 
and repeatable. 

 Raman technology has been used in pharmaceutical 
manufacturing for more than 10 years to analyze solids, 
powders, liquids, gels, gasses, and heterogeneous samples, 
and is recognized as in-line PAT tool to measure CPPs.

Because Raman systems use a laser to excite the molecules, 
measurement times range from milliseconds to seconds and 
do not require sample prep steps or separations. Hardware 
advances have improved reliability, ease of use, data quality, 
signal strength, communications, and the ability to interface 
with multivariate analysis software packages.

Raman PAT sensor implementation
PAT is recognized as an important tool for monitoring 
pharmaceutical manufacturing processes, and Raman spec-

Brian Marquardt, PhD, is founder and CEO of MarqMetrix, 
Inc., and director of the Center for Process Analysis and Control 
(CPAC) at the University of Washington.
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Raman Detects  
Pharma Processing  
Fingerprints
Brian Marquardt

Raman spectroscopy delivers real time, non-
destructive process insights for critical 
process parameters. Understanding the 
technique’s capabilities enables effective 
monitoring and decision making. 



Pharmaceutical Technology    SOLID DOSAGE DRUG DEVELOPMENT AND MANUFACTURING 2021     s23

troscopy has emerged as a fast, effective, and versatile PAT 
real-time analyzer for multiple stages of the manufactur-
ing process. Figure 1 illustrates the typical unit operations 
in pharmaceutical manufacturing. 

Raman spectroscopy has been applied as a multidimen-
sional PAT sensor for real-time monitoring of CQAs and 
real-time release of products. Further, Raman spectroscopy 
has been used in continuous secondary manufacturing and 
small-volume continuous manufacturing of APIs.

Raw material identification/verification 
Raman spectroscopy provides a molecular fingerprint of 
incoming excipients and APIs. As a result, Raman is used by 
many major pharmaceutical companies for verification and 
identification. Two critical Raman attributes that support 
verification and identification are specificity and sensitiv-
ity. Raman can identify different polymorphic forms where 
significant differences are seen in the collected Raman spec-
trum’s low-frequency region. Raman also identifies material 
adulterations, whether accidental or intentional. In Figure 2, 
the Raman component results of Eno, an over-the-counter 
antacid composed of sodium carbonate, sodium bicarbonate, 
and citric acid, are shown.

Measurements for analysis are made either by direct con-
tact using a handheld fiberoptic probe or a contactless probe, 
which analyzes a sample through a glass or plastic container. 
Once the Raman spectrum is collected, it is compared to a 
commercially available or custom-built library. The output 
is a simple indication of pass/fail. If the material passes the 
identification/verification stage, it can be released into the 
system. If the material fails, a sample is taken for further 
laboratory analysis, and that lot could ultimately be rejected.

Blend uniformity
On-line analysis of blend uniformity by Raman spec-
troscopy provides more benefits than traditional sample 
extraction (thief sampling) and off-line analysis. On-line 
Raman spectroscopy obtains a large number of spectra, 
which generates data-rich blend profiles during the blend-
ing process, with spectral collection rates collected in ap-
proximately two seconds. 

A small solid-state Raman spectrometer connected to 
a fiberoptic probe can be installed on various blending 
systems such as V-blenders or intermediate bulk contain-
ers (IBC). For IBC implementation, the spectrometer must 
rotate with the IBC, so the instrument must be small, bat-
tery-operated, and able to transmit spectra in real-time 
wirelessly to a remote computer. 

A model-free statistical approach monitors the blend 
uniformity by calculating a spectral region’s moving block 
standard deviation specific to the API (Figure 3). Once the 
standard deviation reaches the threshold required for a 
period of time, the blend is deemed uniform and is stopped, 
and the batch is released. This use of real-time Raman 
spectroscopy can reduce batch cycle times and ensure 
product quality and consistency.

In-situ tablet feed frame measurements %API
In the manufacture of pharmaceutical tablets, Raman 
spectroscopic methods can provide a real-time, nonde-
structive measurement of the API concentration to en-
sure product quality and uniformity and enable real-time 
release of a batch. 

A port on the feed frame or a sapphire window allows ei-
ther contact or contactless material measurement by Raman 

Figure 1. Raman PAT sensor implementation.
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spectrometers before tablet compression. The Raman probe 
is a crucial component in obtaining high-quality spectra. 

For the contact measurement, the focusing of the Raman 
excitation beam or probe cleaning is not necessary if using 
a touch probe design that is self-cleaning in a moving pow-
der stream.

A contact-free interface can be used to measure through a 
sapphire window; a standoff distance of approximately 10 mm 

will ensure that the sapphire window has little or no influ-
ence on the Raman spectra.

In conventional batch analysis, operators collect the re-
quired number of tablet cores throughout a batch, based upon 
the standard operating procedure for sampling each batch. 
The sample set is sent for a high performance liquid chroma-
tography analysis on each tablet, a process that can result in a 
batch being held for several hours, if not an entire day. 

Figure 2. Eno acid reflux product mixture analysis: Positive ID using KnowItAll Spectroscopy Edition software  
(Wiley Science).

Figure 3. Monitoring paracetamol, microcrystalline cellulose (MCC) and magnesium stearate (MgSt)  
with Raman spectroscopy.

Manufacturing
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By using Raman spectroscopy, each tablet core is ana-
lyzed using a contactless probe and closed tablet holder, 
generating analysis results in seconds. With this method, 
the entire sample set can be analyzed in less than one hour 
before releasing the batch. 

In proprietary tests, Raman spectroscopy has been 
shown to lower the limit-of-detection due to excellent 
specificity and sensitivity when compared to other spec-
troscopic technology, particularly for formulations with 
low API loads. 

Coating thickness (weight)
Tablet film coating is a standard pharmaceutical process 
in which various coating formulations are applied to tablet 
cores. To ensure the product’s efficacy and safety, along 
with the desired dissolution profile, consistent quality of 
the coating is required. A CQA of the film coating is the 
film thickness, which can be monitored in real-time by 
Raman spectroscopy. 

In unpublished customer application data, a high-vol-
ume, contactless probe with a beam diameter of 3.5 mm 
and a standoff distance of 100 mm has been used to mea-
sure film thickness on a perforated drum coating machine 
(Figure 4). Raman spectra are collected every few seconds 
and analyzed using a multivariate data analysis (MVDA) 
model. 

Real-time coating thickness results can be verified 
visually and sent to a control system via industry-stan-
dard protocols such as OPC UA (Unified Architecture) or 
DA (Data Access), Modbus, Profibus, or 4-20mA outputs. 
The control system optimizes the process by adjusting 
the coating spray rate or drum speed to ensure that the 
final product meets the coating thickness specification. 
This step will ensure that no out-of-specification tablets 
are produced while improving the process efficiency by 
potentially reducing the batch coating time and ancillary 
testing. 

Conclusion
Pharmaceutical manufacturers understand the value 
multidimensional PAT technology offers in ensuring 
continued high-paced operations. As a PAT sensor, 
Raman can deliver accurate and data-rich compositional 
analysis in approximately two seconds—depending on 
the application—in a nondestructive process minimal 
sample preparation. 

Accessible and portable Raman systems can be used 
throughout the pharmaceutical manufacturing process 
from mixing to blending. Matching the appropriate sys-
tem to the pharmaceutical process is key to maximizing 
the capabilities of Raman technology. PT

Figure 4. Rotating perforated pan tablet coater with contact-free Raman fiber optic probe.
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Manufacturing

P rocess analytical technology (PAT) tools collect 
process data that can be used for real-time pro-
cess control and to increase process understanding. 
Pharmaceutical Technology interviewed Eamonn 

Garry, operations director at Optimal Industrial Automa-
tion, and Paul Gillham, innovations director at Optimal 
Industrial Technologies, about implementing PAT in oral 
solid-dose (OSD) manufacturing. 

Benefits of PAT
PharmTech: What are the advantages of using PAT? 

Garry and Gillham (Optimal): PAT provides OSD manufactur-
ers with a data-driven, in-depth process understanding that 
supports accurate and responsive in-line control across all 
production stages, from raw material input up to the delivery 
of end products. Thanks to the actionable insight gained from 
these data, it is possible to create an intelligent as well as flexible 
manufacturing line that is able to address variability and meet 
market demands with high-quality products. PAT is therefore 
essential for any business seeking to implement quality by de-
sign (QbD), lean, and smart manufacturing applications.

By offering a holistic approach to manufacturing, PAT offers 
multiple advantages to pharmaceutical producers. First, this sys-
tem is crucial for the transition from traditional quality control 
methods to more comprehensive and efficient quality assurance 
strategies. As a result, OSD producers can improve the consis-
tency of end-product quality whilst considerably reducing the 
volume of off-spec materials, rejects, and reworks. Furthermore, 
the advanced process understanding generated by PAT enables 
manufacturers to continuously increase the quality of their end 
products by fine-tuning operating conditions. 

Moreover, the information on quality that is continuously 
generated, analyzed, and stored offers full data traceability, 
which facilitates quality auditing activities to prove regulatory 
compliance. In practice, this provides the foundation for re-
al-time release testing. All these quality-oriented features also 
help manufacturers increase product safety, thus minimizing—
if not eliminating—the risk of drug recalls. 

A shared PAT infrastructure can also enhance collabora-
tion between manufacturing facilities within an organization, 
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Using PAT in OSD Manufacturing 
Jennifer Markarian

Manufacturers of oral solid dose 
pharmaceutical formulations can use 
process analytical technology (PAT) tools 
to reduce a product’s time-to-market and 
increase profitability. Data collected by 
PAT tools improve process understanding 
and can be used for process control. 



Pharmaceutical Technology    SOLID DOSAGE DRUG DEVELOPMENT AND MANUFACTURING 2021     s27

improving end-product consistency and 
maintaining quality across the company. 

In addition to increased quality, 
pharmaceutical companies can also 
benefit from more energy-efficient and 
resource-efficient processes. Not only 
do fewer off-specs and reworks result 
in lower waste generation and material 
usage, but optimum process conditions 
also avoid overprocessing. As a result, 
OSD producers can reduce their run-
ning costs, leading to substantial savings. 
In particular, PAT can increase operat-
ing margins by 6% for mid-sized phar-
maceutical companies manufacturing 
small-market branded, generic, and over-
the-counter OSD forms (1).

Furthermore, the reduction of reworks 
and overprocessing, coupled with the 
elimination of downtime associated with 
off-line quality control, play a key role in 
shortening production times. This [faster 
production], in turn, increases productiv-
ity and speed to market. For new OSD 
formulations, producers can take full ad-
vantage of a product’s patent life. 

Manufacturers wanting to fully opti-
mize their operations can also leverage 
PAT to facilitate the transition from 
batch to continuous processing, which 
can achieve even more productivity 
gains. For example, Vertex reported how 
this change in production has helped the 
company manufacture medicines from 
APIs to commercial-ready tablets in a few 
days as opposed to 4–8 weeks with a tra-
ditional batch process (2).

Finally, PAT-driven applications use 
the power of data, in line with Indus-
try 4.0 or Pharma 4.0 concepts. Conse-
quently, businesses have a key tool that 
enables them to continuously drive pro-
cess improvements and intensification 
as well as to increase their flexibility in 
adapting to variability in market de-
mands. OSD manufacturers can there-
fore address current market requirements 
while being ready to meet future needs. 

Best practices in implementing PAT
PharmTech: What are the challenges for 
installing such systems in existing lines 
(retrofitting)? Or is it best for new lines?

Garry and Gillham (Optimal): One of the 
biggest benefits of PAT is that both new 

and existing manufacturing lines can 
implement and profit from it, whether 
they run batch or continuous processes. 
Therefore, businesses adopting a PAT-
driven approach do not need to build 
new facilities. In fact, they can leverage 
this framework to retrofit their plants, 
improving their operations.

Whether PAT is applied to grassroots 
or brownfield plants, it is important to 
seamlessly integrate the technology with 
the facility’s control system. Therefore, it 

is crucial to design and validate a well in-
terconnected setup. 

The implementation of PAT on ex-
isting manufacturing lines requires the 
development of a PAT environment that 
can be adapted to the existing infrastruc-
ture. It may also be necessary to adapt the 
pre-existing control system to a quali-
ty-centric control strategy as directed and 
orchestrated by a PAT system.

In new facilities, it is beneficial to de-
velop the control and PAT aspects simul-
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taneously, so that a comprehensive solution can be created that 
is tailored to the application. Ultimately, the creation of a PAT-
driven OSD line should follow the same principles of QbD that 
are applied for process and quality monitoring, where quality 
is built into the solution from the outset.

In both cases, companies should rely on a PAT specialist, 
especially if they do not have expert in-house teams. The 
right specialist should have extensive experience in the 
pharmaceutical sector and a proven track record in develop-
ing customized solutions for new and existing plants. This 
[expertise] will ensure the creation of a suitable framework 
that addresses the specific needs of the OSD manufacturing 
plant. By collaborating with such an expert, businesses can 
make sure they are using a high-quality system that maxi-
mizes the benefits of PAT-driven manufacturing.

PharmTech: When thinking about using PAT for automat-
ing/controlling an OSD manufacturing line, what are some 
of the things to consider?

Garry and Gillham (Optimal): The most important element 
that should be considered in automated, PAT-driven OSD 
manufacturing lines is certainly interoperability. PAT sys-
tems are highly likely to interface with multiple systems and 
devices, including instruments and analyzers, programma-
ble logic controllers (PLCs), supervisory control and data 
acquisition (SCADA) systems, historians and, potentially, 
distributed control systems (DCS). Therefore, it is crucial to 
select a PAT knowledge management platform for process 
orchestration and closed-loop control that can communi-
cate bi-directionally with multiple automation, device, and 
system vendors.

For the same reasons, it is highly beneficial to select an 
independent PAT platform and system integrator specialist 
that has experience with automation products from different 
manufacturers, as well as in-depth understanding of PAT 
and how to deploy the technology effectively. By utilizing 
this knowledge, the specialist can select the most suitable 
components for an intended application as well as effectively 
configure devices on new or existing networks. 

Another aspect that should be considered is the struc-
ture of the PAT knowledge management software used. In 
particular, a modular solution should be favored, as it al-
lows specialists to conduct the installation, validation, and 

testing of PAT setups in different stages, which can then be 
unified. This ability is especially important in continuous 
manufacturing lines, where everything should operate in 
sync. In these situations, having the f lexibility to develop 
the automation and PAT strategy for each unit operation 
separately enables the simplified, ‘standalone’ testing of each 
component before each one is successfully incorporated into 
a larger, comprehensive automation and PAT framework for 
integrated testing and subsequent use.

In addition, modularity not only simplifies the creation of 
a suitable PAT-led manufacturing approach, but also helps 
manufacturers to adopt the framework in a staged PAT 
strategy. Such a strategy allows progressive benefits to be 
gained as the technology is rolled out along the processing 
line. In effect, OSD manufacturers adopting this manufac-
turing concept can begin with a simple, smaller-scale proj-
ect that would enable the business to explore PAT and the 
possible gains while getting accustomed to the technology. 

PharmTech: What types of maintenance must be performed 
when using these systems?

Garry and Gillham (Optimal): Another key advantage of PAT 
is that once a suitable system has been correctly set up, the 
framework can operate near continuously. A well-designed 
PAT system can also be adjusted to support expansions, 
modifications, or the repurposing of existing lines and units. 
In addition, it can support its own optimization by using 
increasingly accurate and representative predictive models 
as more process data is analyzed. For this reason, a PAT 
approach embraces continuous improvement. 

To realize these opportunities, a modular PAT infrastruc-
ture can be highly beneficial. In particular, it facilitates a 
highly flexible, extensible, and scalable PAT approach. As a 
result, its reprogramming or development, validation, and 
subsequent addition to the complete infrastructure can be 
simplified and streamlined. 
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Modularity simplifies PAT-led 
manufacturing approaches. 
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Quality

G lobal counterfeit pharmaceuticals trade is esti-
mated to be worth billions and has grown during 
the coronavirus pandemic (1,2). Various regula-
tory measures have been implemented to tackle 

the issue of counterfeit medicines, such as the Drug Supply 
Chain Security Act (DSCSA) in the United States and the 
Falsified Medicines Directive in Europe (3,4), which require 
the implementation of safety features, chiefly aimed at sec-
ondary packaging.

However, as counterfeiters become more sophisticated and 
technology advancements enable the falsification of packaging 
authentication measures, such as barcodes, there is a growing 
need to improve anti-counterfeiting solutions. One such ap-
proach to improved authentication is verification at the dosage 
level. To discuss the issues surrounding counterfeit pharma-
ceutical products and the advantages of dosage-level authen-
tication, Pharmaceutical Technology spoke with Ali Rajabi-Si-
ahboomi, vice-president and chief scientific officer, and Gary 
Pond, global program lead—Authentication, both at Colorcon. 

Current limitations
PharmTech: How are current regulatory-required methods of 
pharmaceutical product security lacking, and what poten-
tial technological advances are available to overcome these 
limitations?

Pond (Colorcon): Many countries have done a good job of 
meeting the regulatory requirements of serialization to ad-
dress pharma product security, which has required signif-
icant investment and changes to many company processes. 
Despite the implementation of serialization, there is still 
significant growth in diverted and falsified medicines, and 
illegal online pharmacies are contributing to this increase.

 The main challenge of serialization is that it is primar-
ily focused on the secondary packaging. Serialization is 
rarely used to secure primary packaging and can’t be ap-
plied directly on the tablets. So, if the packaging is copied 
or separated from the primary package or tablets, it can’t 
be identified and referenced back to the original batch. 
Counterfeiters have become more sophisticated, using the 
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Securing Each Dose
Felicity Thomas

Dosage-level authentication provides  
an added digital layer of security for  
pharmaceutical companies to ensure  
their products are not exposed to falsification.
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latest print technologies to copy barcodes, holograms, and 
ID numbers. 

Also, once a product moves out of a country-specific sup-
ply channel the ability to use serialization for verification 
purposes is reduced, as there is no way to trace the prove-
nance or be sure that the product is authentic.

On-product microtaggants provide a digital way to di-
rectly mark and verify at the dosage level and/or primary 
packaging; this provides an additional layer of security that 
enables quick identification of real versus fake products that 
is independent of the packaging.

Online counterfeit issues
PharmTech: With more and more medicines being purchased 
online, do you believe there may be a stronger case for more 
stringent regulatory product authentication measures to be 
implemented?

Pond (Colorcon): The rise of Internet sales and the impact of 
COVID-19 has contributed to a significant increase in online 
sourcing of pharmaceuticals as well as vitamins/dietary sup-
plements. There is widespread agreement that the Internet has 
become the primary market for counterfeit pharmaceutical 
products, and as far back as 2015, the World Health Organi-
zation (WHO) estimated that 50% of the drugs for sale on 
the Internet were fake. The COVID-19 pandemic has led to 
a dramatic rise in online sales, and it is estimated that one in 
four US consumers now buy their medicines online. 

In 2018, FDA estimated that only 3% of online pharmacies 
complied with US pharmacy laws and practice standards (5). 
The remaining online pharmacies frequently operate without 
certification, prescribe drugs without adhering to legal guide-
lines, and may knowingly distribute counterfeit medicines.

In December 2020, WHO identified the issue of counter-
feit drugs as one of the urgent health challenges for the next 
decade (6). Despite pharma being a conservative industry, 
this warning from WHO is likely to result in more stringent 
product authentication requirements and robust regulatory 
enforcement. 

Dosage level authentication
PharmTech: Could you provide some more detail about on-
dose authentication, on-product microtaggants, and how 
tagging an individual pill/dose is achieved?

Rajabi-Siahboomi (Colorcon): On-dose authentication provides 
a security layer that pharmaceutical companies can employ 
to directly protect their products. FDA is one of the few reg-
ulatory bodies that has recognized the value of on-dose au-
thentication and issued guidance for use as far back as 2011. 
In the FDA publication, Guidance for Industry, Incorporation 
of Physical-Chemical Identifiers into Solid Oral Dosage Form 
Drug Products for Anticounterfeiting, a combination of track 
and trace with product authentication technologies is recom-
mended to provide a greater level of security for drug products; 
recognizing there is no single ‘magic bullet’ approach (7). 

A physical chemical identifier (PCID) is described by FDA 
in its guidance document as “a substance, or combination of 
substances, possessing a unique physical or chemical prop-
erty that unequivocally identifies and authenticates a drug 
product or dosage form” (7). The PCID guidance directs 
pharmaceutical manufacturers who want to incorporate 
PCIDs in solid oral dosage forms to provide greater protec-
tion for drug products. FDA recommends that the PCIDs be 
pharmacologically inactive and as such they can be treated 
as excipients and be added to the product at the lowest level 
that will ensure identification of the dosage unit (7).

Microtaggants are technical innovations developed for 
application to pharmaceutical products, they are incorpo-
rated directly on-dose during the manufacturing process 
through the use of Colorcon’s film coating and/or on-dose 
monogramming inks. Two different types of microtaggant 
have been developed that are suitable for pharma use, one 
produced from non-biologic DNA and the other from silica, 
both inert materials.

DNA is robust and easy to apply, and its structure means that 
it is possible to have unique DNA sequences that can be coded 
to identify by product, company, or region. These codes or se-
quences can then be read using advanced detection technology, 
with the DNA and reagent acting as a lock and key. 

The silica tagging technology uses microparticles that are 
spectrally encoded and can be detected by the way they reflect 
light. Silica microtaggants can be customized with unique in-
formation for product verification and traceability. Proof of con-
cept shows that silica microtaggants can be identified using a 
mobile lab-based reader and/or shortly, a smartphone app.

The development of these technologies using Colorcon’s 
Opadry film coating systems is at an advanced stage in 
terms of the application process, in-use stability, and detec-
tion methodologies. These technologies can be implemented 
by pharmaceutical companies with little to no impact on 
their current film coating process. The only requirement 
is readers to detect the microtaggants for verification and 
quality assurance purposes. As the technology is applied 
using a standard film coating process, there is no additional 
capital expenditure required on the production line.

PharmTech: What specific advantages are gained through 
dosage level authentication versus packaging authentication?

Pond (Colorcon): Traceability and security measures focused 
on the packaging are not enough to protect to the patient 

Quality

“On-dose authentication 
provides a security layer that 
pharmaceutical companies 
can employ to directly protect 
their products.”

—Ali Rajabi-Siahboomi, Colorcon
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level. Even if a package is authentic, it may be impossible 
to determine whether the medicine inside is real, fake, or 
diverted. As serialization matures it will be valuable for 
track and trace, but to achieve true supply chain security, 
on-dose authentication measures are the only viable option, 
and manufacturers recognize that they can no longer rely 
solely on packaging security features to ensure the authen-
ticity of the product within. 

On-dose authentication solutions are difficult to replicate 
or reverse engineer, provide a robust and reliable means of 
deterring and identifying counterfeiting and verifying product 
identity. Perhaps the most significant benefit of on-dose au-
thentication is to increase the speed of decision-making in the 
supply chain for counterfeit or illegally diverted drugs. When 
a suspect event occurs, pharma companies will be able to react 
faster to determine if the product is real or fake, regardless of 
whether they have access to the packaging. Sometimes this 
process can take days to weeks, but with on-dose authentica-
tion, it is possible to authenticate a product in real-time.

Another application of on-dose authentication is incorpo-
ration in the clinical supply program, as on-dose microtag-
gants can reduce the opportunity for error in the allocation 
and administration of these expensive trials. Introducing 
on-dose authentication into clinical trials allows for vali-
dated patient engagement at any stage in the trial, ensur-
ing the right patients are taking the right drugs at the right 
dosage. This validation is all done without impacting the 
blinding process.

PharmTech: Is there special manufacturing equipment re-
quired to implement dosage level authentication during the 
manufacture of tablets or pills?

Rajabi-Siahboomi (Colorcon): By leveraging current tab-
let coating and print technologies, new investment is not 
needed to incorporate the microtaggants into standard man-
ufacturing procedures; they are simply added to a standard 
tablet film coating or capsule printing process. The film 
coating process doesn’t change and there is no impact on 
the final tablet finish. Relative to other manufacturing ex-
penditures, the overall cost to the producer of the finished 
dosage form with microtaggants incorporated is negligible. 

The quantities of the microtaggants added to the film 
coatings or printing inks are small, so their inclusion does 
not affect how coatings are applied and will not have an 
impact on the stability or finished appearance of the final 

product. Additionally, as the ingredients of the microtag-
gants are inert, degradation or impurities should not occur 
over time. Although the use of microtaggants is not con-
sidered to be a safety issue, manufacturers must notify the 
regulator that a product has been tagged as part of their 
annual disclosure in the drug master file. 

Future developments
PharmTech: What future developments do you anticipate, 
both for regulatory requirements for product authentication 
and for dosage-level authentication approaches?

Rajabi-Siahboomi (Colorcon): We don’t anticipate any new reg-
ulatory requirements to implement on-dose authentication for 
either existing or new drug products. As with any new technol-
ogy, it will take time for people to understand the offering and 
think about how it best supports their security strategy for the 
product and supply chain. We are working with the industry 
to explore how it integrates with serialization and confirm how 
this innovation brings advantages to product security, quality 
assurance, and also the commercial side, by engaging with pa-
tients to help manage their regimens and improve outcomes. 

We have invested in the development of the technology and 
demonstrated the ease of implementation and robustness of 
the technology. The exciting future development will be to 
enhance patient engagement through the smartphone app. As 
well as verifying the drug product for a patient, other types of 
information could be linked through the smartphone, such 
as regimen reminders, dosing information, and other details 
regarding the medication.  

Another interesting application is for clinical trials use, 
which are now being performed virtually because people can’t 
go to testing centers, due to COVID. How can we ensure that 
people who take clinical trial medication at home follow the 
correct medication regime? This is an important consider-
ation as failure to take the medication as directed will give 
rise to misleading results, which can be enormously costly 
to companies as they develop new drug products. Currently, 
there’s a lot of interest in the clinical trial aspect of the tech-
nology.  COVID has accelerated a lot of these advances and 
the future is with us now.  
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“Traceability and security 
measures focused on the 
packaging are not enough to 
protect to the patient level.”

—Gary Pond, Colorcon
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Quality

W ith curtailed on-site inspection activities for 
manufacturing facilities in the past year as 
a result of the COVID-19 pandemic, reg-
ulatory authorities such as FDA have had 

a challenging time. However, maintenance of quality and 
safety for regularly produced pharmaceuticals remains 
a priority. The past year especially saw the challenge of a 
slew of drug recalls caused by the detection of nitrosamine 
contamination. A roundup of voluntarily initiated recalls 
due to this contamination is summarized below. 

Metformin
Metformin had the largest number of recalls throughout 
2020 and at the start of 2021 with FDA citing nitrosamine 
contamination as the primary cause of the recalls. Nearly 
every month, starting in May 2020, drugmakers were an-
nouncing/reporting product recalls. In May 2020, Amneal 
Pharmaceuticals issued a voluntary recall of its metformin 
hydrochloride (HCl) extended release tablets, USP, in 500 mg 
and 750 mg strengths because of N-nitrosodimethylamine 
(NDMA) impurities detected in the products (1). FDA had 
notified Amneal of the impurity detection after seven lots 
of the products showed the presence of NDMA in amounts 
above acceptable levels and recommended the recall. Also in 
May 2020, Apotex issued a voluntary recall of its metformin 
hydrochloride extended-release tablets, USP 500 mg, when 
FDA tested one lot and found NDMA levels above the ac-
ceptable limits (2).

June 2020 saw several other companies issuing recalls for 
their metformin products. Marksans Pharma, Teva Phar-
maceuticals USA, and Lupin Pharmaceuticals all issued 
voluntary recalls for their respective metformin products 
based on NDMA contamination. Marksans Pharma recalled 
metformin HCl extended-release tablets, USP 500 mg, lot 
no. XP9004 (3); Teva recalled 14 lots of metformin HCl ex-
tended-release tablets, USP 500 mg and 750 mg, in 100- and 
1000-count bottles (4); and Lupin Pharmaceuticals recalled 
metformin HCl extended-release tablets, USP (generic 
equivalent of Fortamet), 500 mg, lot G901203 (5).
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Pharma Industry Contends with 
Contamination-Based Recalls
Feliza Mirasol

A slew of solid-dose drug recalls 
were issued over the course of 2020 
and in early 2021 after nitrosamine 
contamination was found in products.



Pharmaceutical Technology    SOLID DOSAGE DRUG DEVELOPMENT AND MANUFACTURING 2021     s33

In July 2020, Lupin Pharmaceuticals issued another recall, 
this time for all batches of metformin HCl extended-release 
tablets, USP 500 mg and 1000 mg as a part of FDA’s “ongoing 
assessment” and the continuation of a dialog between company 
and agency under which additional analysis showed that cer-
tain tested batches exceed acceptable limits of NDMA. Lupin 
Pharmaceuticals decided to issue the July recall “out of an abun-
dance of caution,” the company stated in its announcement 
at the time (6). In the same month, Granules Pharmaceuticals 
voluntarily recalled 12 lots of metformin HCl extended-release 
tablets, USP 750 mg in 100- and 500-count bottles (7).

In August and September of 2020, Bayshore Pharmaceuticals 
and Sun Pharmaceutical Industries, respectively, issued volun-
tary recalls for their metformin products. Bayshore recalled one 
lot, lot no. 18641, of metformin HCl extended-release tablets, USP 
500 mg, in 1000-count bottles and one lot, lot no. 18657, of met-
formin HCl extended-release tablets, USP 750 mg, in 100-count 
bottles after testing found NDMA levels in excess of acceptable 
limits (8). Sun Industries recalled one lot, lot no. AB06381, of its 
Riomet ER (metformin HCl for extended-release oral suspen-
sion), 500 mg per 5 mL (9). Meanwhile, later in October 2020, 
Marksans Pharma expanded its earlier recall to include an ad-
ditional 76 unexpired lots of metformin HCl extended-release 
tablets, USP 500 mg and 750 mg, out of an abundance of caution 
after testing unexpired identified marketed lots (10).

Nostrum Laboratories issued multiple voluntary recalls to-
wards the end of 2020 and in early 2021. In November 2020, the 
company voluntarily recalled two lots of metformin HCl extend-
ed-release tablets, USP 750 mg (11), and two lots of metformin 
HCl extended release tablets, USP 500 mg (12). Following these 
announcements, the company issued further recalls in January 
2021 for two more lots of metformin HCl extended-release tab-
lets, USP 750 mg (13,14).

Ranitidine 
Ranitidine was another drug plagued with NDMA impurities 
last year. In January 2020, Appco Pharma and Denton Pharma, 
Inc. dba Northwind Pharmaceuticals, an affiliate of Northwind 
Pharmaceuticals, issued voluntary recalls for ranitidine products. 
Appco recalled all quantities and lots, within expiry, of raniti-
dine HCl capsules in 150 mg and 300 mg strengths (15). Denton 
Pharma also recalled all unexpired lots of ranitidine tablets, 150 
mg and 300mg, in response to the manufacturer’s recall of all 
unexpired lots of ranitidine tablets, 150 mg and 300 mg, which 
Denton Pharma had repackaged (16).

Later in February 2020, American Health Packaging recalled 
11 lots of ranitidine tablets, USP 150 mg, 100-count unit dose 
blisters. The company initiated its recall in response to the 
manufacturer’s (Amneal Pharmaceuticals) recall, which in-
cluded affected lots that were repackaged by American Health 
Packaging (17).

Other nitrosamine-based recalls
Besides metformin and ranitidine, some other solid-dose prod-
ucts were also affected by NDMA contamination. In January 

2020, Mylan, via its US-based business, Mylan Pharmaceuticals, 
issued a recall of three lots of nizatidine capsules, USP 150 mg 
and 300 mg strengths. The recall was based on the detection of 
trace amounts of NDMA in the API, nizatidine, USP, which was 
manufactured by Solara Active Pharma Sciences (18).

Other contamination-based recalls
In addition to NDMA contamination, the pharmaceutical 
industry has had to contend with other contamination-based 
recalls in the past year. Taro recalled one lot, lot no. 331771, of 
lamotrigine 100 mg tablets in 100-count bottles in January 2020. 
The lot was found to have been cross contaminated with a small 
amount of enalapril maleate, another drug substance that is 
used to manufacture a different product at the same facility (19).

In May 2020, MasterPharm recalled one lot of Finasteride 
Plus 1.25mg capsules when an independent testing laboratory 
found undeclared minoxidil, an antihypertensive drug, in the 
product at levels that exceed FDA limits. According to a com-
pany statement, consumption of undeclared minoxidil would 
likely result in low blood pressure, rapid heartbeat, and salt and 
water retention, which leads to swelling, and could put patients 
at risk for developing heart failure or other heart damage (20). 

Recalls prompted by failed results
Aside from contamination, some solid-dose drugs were recalled 
because of failure to meet certain specifications. In April 2020, 
Avet Pharmaceuticals recalled eight lots of tetracycline HCl cap-
sules, USP 250 mg and 500 mg, in 100-count bottles because of 
low out-of-specification dissolution test results (21). 

Similarly, Torrent Pharmaceuticals recalled one lot, lot no. 
BFD1G001, of anagrelide capsules, USP 1 mg in 100-count bot-
tles also due to dissolution test failure that was detected during 
routine quality testing. Failed dissolution would likely result 
in a slower rate and extent of drug release, meaning that less 
anagrelide would be available in the body (22).

In a separate situation, certain thyroid medications were 
recalled due to potency issues. In May 2020, Acella Pharma-
ceuticals recalled 13 lots of 30-mg, 60-mg, and 90-mg NP 
Thyroid (thyroid tablets, USP, composed of levothyroxine and 
liothyronine) when testing found those lots to be superpotent, 
containing potentially up to 115% of the labeled amount of lio-
thyronine, one of the APIs (23). 

In September 2020, RLC Labs recalled 483 lots of Na-
ture-Throid and WP Thyroid (thyroid tablets, USP, composed of 
liothyronine and levothyroxine) in all strengths and all counts 
of product, including 30-, 60-, 90-, 100-, and 1000-count bottles. 
Potency was also an issue in this recall; FDA tested samples from 
six lots and found them to be sub potent (24). Similarly, Acella 
also recalled one lot, lot no. M327E19-1, of 15-mg and one lot, lot 
no. M328F19-3, of 120-mg NP Thyroid in September 2020 also 
because testing found these lots to be sub potent (25).
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