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PRODUCT SPOTLIGHT

Bench-Top 
Chromatography System

The ÄKTA pilot 600 from GE Healthcare is 

a lightweight bench-top chromatography 

system suited to streamline both GMP 

and non-GMP everyday operations. 

The instrument’s modular design 

allows for functionality to be added or 

removed as user requirements change. 

The flow and pressure range support 

both production of technical batches 

and scale-up studies as well as small-scale production of GMP-

grade material. The interactive process picture enables changes 

to be made in real-time, and deviations are quickly identified. 

The accuracy and range of the pumps facilitates precise gradient 

formation that supports a column size range of 26 to 200 mm i.d.

The system works with the company’s AxiChrom 

chromatography columns through the intelligent packing function 

and the packing port. Prepacked 1- and 2.5-L ReadyToProcess 

columns can also be used with the system. The compact 

design allows for easy movement and placement on a lab 

bench or a ReadyKart mobile station, with all functional parts 

placed on one side of the instrument for convenient access.

GE Healthcare

www.gehealthcare.com

Continuous Twin Screw 
Extrusion System for 
Gel-Mass Formulations
Leistritz has added a continuous 

twin screw extrusion system that 

continuously mixes and conditions 

gel-mass formulations designed 

to replace previous upstream 

batch processing methodologies.

The LS model twin screw 

extruder features a modular process section manufactured 

from stainless steel or other suitable metallurgies. Screw 

diameters range from 12–260 mm. Controls include feed rates, 

screw rpms, temperatures, and vacuum level. Readouts include 

product temperature, discharge pressure, and optical sensors. 

Screws are assembled on high-torque shafts, and shear and 

energy are imparted into the materials being processed via 

rotating screws. Each barrel section uses electric heaters 

and liquid cooling via internal cooling bores. Barrels can be 

interfaced to liquid temperature control units for process section 

temperature setpoints, eliminating the cartridge heaters. 

Leistritz

www.leistritzcorp.com

Custom-Design 
Process Vessel

Ross Charles’ 300-gallon process vessel can 

be customized to fit a range of requirements. 

According to the company, all elastomers, 

nozzles, sensors, dip tubes, valves, and operator 

controls are supplied based on the end user’s 

specific requirements. The vessel is suitable 

for 5-psi internal pressure at 300 °F and is 

agitated by a disperser blade driven to 1150 rpm 

by a 75HP explosion-proof motor. The agitator 

shaft uses a mechanical seal running in an oil bath. Product-

wetted surfaces are 304L-type stainless steel and polished to 

240-grit finish. The vessel also comes with a 50-psig American 

Society of Mechanical Engineers code-stamped baffled jacket 

surrounding the sides and bottom for heating and cooling.

Ross, Charles & Son

www.mixers.com

Tablet for Field Instrument 
Management
Endress+Hauser’s Field Xpert 

SMT70 is a tablet PC suited for 

commissioning and maintaining field 

instruments in hazardous and non-

hazardous locations. The device 

can connect to field instrumentation 

devices directly via USB or Bluetooth wireless modem, or 

via a gateway, remote I/O, or multiplexer to a bus system. 

Other communication ports and supported networks include 

Ethernet, HDMI, and Wi-Fi, with 4G LTE and GPS available.

The tablet comes preinstalled with DeviceCare device 

configuration software and a device library that contains more than 

2700 pre-installed device and communication drivers, allowing it 

to work with different instruments from a variety of vendors. 

The drivers can be used to communicate with virtually all 

Highway Addressable Remote Transducer (HART) and Foundation 

Fieldbus devices, and additional device drivers (DTMs) can be 

installed if required, according to the company. Generic HART 

DTM and Process Field Bus Decentralized profile DTMs also 

enable communication with field devices using these protocols. 

Other supported service interfaces include Modbus, Contexts 

and Dependency Injection, and Endress+Hauser. The tablet has a 

14-hour battery life and comes in a general-purpose configuration 

as well hazardous area configuration for Class 1, Division 2 

Groups A, B, C, D, T4, and Class 1, Zone 2, Groups IIC, T4. 

Endress+Hauser

www.uk.endress.com/en
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Sean Milmo

is a freelance writer based in 

Essex, UK, seanmilmo@btconnect.com.

The European pharmaceutical sector is bracing itself for the 

introduction early next year of a European Union scheme 

for the serialization or identification of individual packs of 

medicine. There are increasing worries that pharmaceutical 

manufacturers, particularly small- and medium-sized 

producers (SMEs), will miss the deadline on 9 Feb. 2019 

for compliance with the serialization regulation. More 

significantly, organizations responsible for running the project 

at the national level may not have the IT infrastructure in 

place for doing their job.

Medicine manufacturers are working hard to modernize 

packaging lines in their production plants with new printing 

presses, real-time monitoring systems, and software 

necessary for the serialization of drug packs and for the 

connecting of labelling information with data repositories 

at national and European hubs. They may, however, find 

on 9 Feb. 2019 that the national repositories and their 

connections with pharmaceutical production plants are not 

fully operational.

“It is quite likely that the whole serialization system across 

Europe will not be ready to meet the deadline in February,” 

said Bart Vansteenkiste, global life-sciences business 

development manager at UK-based Domino Printing, a 

serialization specialist in printing and coding. “The European 

hub is ready, and individual countries such as Germany have 

their repositories operating with countries such as the United 

Kingdom, Netherlands, and Scandinavian states not far 

behind,” he told Pharmaceutical Technology Europe. “But a 

large proportion of countries look at the moment unlikely to 

meet the deadline. There is still a lot of work to be done.”

The Belgium-based European Medicines Verification 

Organization (EMVO) at the centre of the scheme’s 

European hub has been uploading the serialization data 

of pharmaceutical manufacturers for distribution around 

those national verification organizations (NMVOs) ready to 

receive it. The pharmaceutical industry is hoping that with 

the EMVO being so well prepared, the worst-case scenario 

of countries not having their IT infrastructure operating on 

time will be avoided.

“The countries, which at the moment are behind schedule, 

will be doing whatever they can to be ready by the deadline,” 

said Johan Verhaeghe, national policy liaison manager at 

Medicines for Europe, the Brussels-based trade association 

for generics and biosimilars producers. “They don’t have any 

other option but to get things done on time,” he explained to 

Pharmaceutical Technology Europe. “The 9 February deadline 

is written in the text of the serialization regulation, which has 

been transferred into the national laws of each of the EU’s 

28 member states. If they don’t keep to the deadline, they 

will be breaching their own national laws.”

Serialization requirements

The serialization scheme is being introduced under the 

EU’s Falsified Medicines Directive (FMD) of 2011 to combat 

counterfeiting of drugs through a regulation (1), issued 

in 2016, which lays down specific safety features for 

medicines packaging. The main requirement of the 

regulation is that the packaging should carry a unique 

identifier comprising a product code, a serial number 

based on a randomized algorithm, a reimbursement 

number required by countries in which the medicine is 

marketed, a batch number, and expiry date.

The unique identifier has to be encoded in a two-

dimensional barcode within a machine-readable data matrix 

that can be accurately decoded using common scanning 

equipment before the medicine is dispensed to the patient. 

The printing of the two-dimensional barcode has to be of 

sufficient quality to ensure accurate readability of the data 

matrix for at least one year after the expiry data of the pack 

or five years after the pack has been released for sale. In 

additional to the unique identifier, the pack’s safety features 

have to include an anti-tampering device, although the nature 

and quality of the device is not stipulated by the regulation. 

An important requirement laid down in the regulation is that 

the repositories system for the storing and verification of 

serialization data are to be set up by the manufacturers and 

marketing authorization holders (MAHs) with each repository 

being established and run by non-profit legal entities. 

In addition to the EU’s 28 member states, the regulation 

will also be applied in Norway, Iceland, and Liechtenstein—

which are non-EU states. Switzerland, another non-EU 

country, is introducing it as a voluntary measure. The UK 

plans to implement the regulation even though it will be 

leaving the EU at the end of March 2019.

Among the drug manufacturers in Europe, research-

oriented multinationals seem to be in the most advanced 

state of readiness for the regulation. “[Our] members are 

on schedule to deliver the coding and serialization on their 

medicines packs in line with the regulation by the deadline 

of 9 Feb. 2019,” says a spokesperson for the European 

Federation of Pharmaceutical Industries and Associations 

(EFPIA), a high proportion of whose members are large 

R&D-based international producers. Such proactivity is 

not unexpected because serialization schemes are being 

Meeting the EU Serialization Deadline

Pharmaceutical companies and their contractors are reorganizing their manufacturing lines and logistics 

to ensure compliance with the serialization requirements, but many SMEs are struggling to meet the deadline.
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introduced across the world so drug companies with 

extensive international operations would tend to be at the 

forefront of the switch to individual pack identification. 

Cost of compliance

For many SMEs, however, compliance with the FMD 

regulation is turning out to be a much bigger challenge 

in terms of administrative and managerial resources and 

above all costs. The total costs of adopting all of the 10,000 

pharmaceutical production and packaging lines serving 

the EU market is estimated to be €5 billion (US$6 billion), 

according to figures from Medicines for Europe, Verheaghe 

pointed out at a Paris conference on 5 Apr. 2018, organized 

by Adents International, a serialization system specialist (2). 

Installing a new packaging line could cost up to €500,000 

(US$600,000) (2). The cost of setting up the European 

Medicines Verification System (EMVS), comprising the 

EMVO and NMVOs and their infrastructures, will be 

€90 million (US$108 million), while its annual running 

costs will be another €90 million, said Verhaeghe (2). 

Suppliers of serialization equipment and software are 

warning pharmaceutical manufacturers that time will soon 

be running out for the installation or re-equipping of 

packaging lines. “It can take at least six months to install 

and integrate a serialization system,” says Vansteenkiste. 

“As a supplier of the printing and coding facilities, we have 

to work with partners such as cameras and software 

suppliers. If there is a rush of companies wanting serialization 

systems, the suppliers will not have enough capacity to cope. 

They are already fully booked.”

An indication of the level of preparation among 

manufacturers has been figures from EMVO (3) showing the 

number of pharmaceutical companies that have uploaded 

data with the organization on all the licensed products of their 

MAHs in Europe. The data are provided for security reasons 

by a special corporate legal entity called an on-boarding 

partner (OBP), which will be responsible for all its company’s 

information being handed to the EMVO including that from 

contract manufacturing organizations (CMOs) and third-party 

logistic providers (3PLs).

By March 2018, approximately a quarter of 2000 

pharmaceutical companies covered by the regulation had 

become OBPs and had uploaded details of their MAH 

products to the EMVO. “The on-boarding figures are still 

far behind schedule, while the deadline is getting closer,” 

EMVO admitted when announcing the OBP figures. The OBP 

data would be passed on to NMVOs with whom MAHs would 

have fee-paying agreements to handle the verification of 

their individual medicine packs from the time they are 

released to the market through to the dispensing of the 

drug to the patient. Some states are lagging behind in the 

complicated process of setting up national verification 

organizations with data repositories connected with the 

serialization operations of pharmaceutical plants, as well as 

with wholesalers, pharmacies, and other dispensing points. 

Although the NMVOs are being established and operated 

by trade associations and other groups representing 

manufacturers, the NCAs are also deeply involved in their 

activities. They have the job of ensuring the NMVOs comply 

with the FMD regulation, which even gives them the right to 

sit on the organizations’ management boards.

The EMVO has also been helping with the formation 

of national verification organizations through the 

introduction of a standard verification scheme. As a result, 

manufacturers and other stakeholders do not have to start 

from scratch when building a national system, according 

to Verhaeghe. The European verification organization also 

announced on 26 Apr. 2018 that the Czech NMVO had 

become the eight national organization to link up with the 

European hub, with another 10 that are due to do the same 

by the end of July 2018 (4). 

Nonetheless, the weak point in the serialization network 

emerging across Europe is the connectivity between the 

MAHs with national verification systems. The integration 

or “on-boarding” of the MAHs is “far behind schedule” 

with 50% of countries appearing to be “too late for the 

February 2019 deadline,” Verheaghe said (2).

NCAs can help make serialization easier by limiting 

their right to require specific safety features, such 

as reimbursement data on barcodes, and showing a 

willingness to accept items like multi-market coding. 

“It helps generic manufacturers, for example, to have few 

specific national requirements for the same product,” 

Verhaeghe explained to Pharmaceutical Technology 

Europe. “If a product has a different status in each 

country, then that could require different packaging lines. 

Many countries now understand the need for a smooth 

transition to serialization with as few national specifics as 

possible.”

Hopefully, by next February’s deadline, all the verification 

systems and their data repositories should be operating. 

The pressure for compliance will be intense. The vast 

majority of drug producers should also have their 

serialization processes working effectively. But for a few, 

particularly generic-drug manufacturers, the expense 

in terms of money and human resources will have been 

so high that they will have had to withdraw low-margin 

products from the market.
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CMOs Expand 
Manufacturing Capacities
New and expanded facilities point to the continuing growth of the biopharmaceutical industry.

Biopharmaceutical manufacturing continues to see 

growth as contract manufacturing organizations 

(CMOs) expand their services. The following is the 

latest news about new CMO facilities, partnerships, 

and services.

New and expanded facilities
On 30 April 2018, WuXi Biologics, part of WuXi 

AppTech, announced plans to invest €325 million 

(US$389 million) in a new biomanufacturing facility 

in Mullagharlin, Dundalk, Ireland. According 

to the company, the new facility will use 

multiple single-use bioreactors for commercial 

biomanufacturing and is designed to be able to run 

continuous bioprocessing (1). A total of 48,000-L 

fed-batch and 6000-L perfusion bioreactor capacity 

will be installed.

The site, on a 26-hectare (64-acre) campus, 

is the company’s first site outside of China. The 

investment is expected to create more than 400 

jobs over a five-year span, as well as approximately 

700 construction jobs. The project is supported 

by the Irish Government through IDA Ireland, an 

economic development body for Ireland.

On 15 May 2018, Cambrex reported that it had 

completed a pilot plant expansion at its High 

Point, NC, USA facility with the installation and 

commissioning of a fourth reactor suite. The new 

400-sq.-ft. suite includes two 2000L glass-lined 

reactors and a Hastelloy C22 filter dryer, allowing 

the manufacture of batch sizes ranging from 

10–100kg under cGMP conditions for clinical-phase 

projects. The installation increased the site’s 

reactor capacity by approximately 30%, according 

to a company press release. The company noted 

that it also upgraded its analytical chromatography 

data systems for quality control and analytical R&D 

to Empower 3 software (Waters).

In April 2018, the company announced it 

completed installation of multiple continuous flow 

reactor platforms at the High Point facility; the 

platforms will focus on the rapid development 

of processes to supply clinical and commercial 

demand for chemical syntheses.

The company also reported on May 15 progress 

in construction for a €21-million (US$24-million) 

facility at the company’s Charles City, IA plant, for 

the manufacture of highly potent APIs. A 4500-sq.-ft. 

production area, which will have a reactor capacity 

of 2200 gallons and will manufacture batches from 

50–300kg, will operate to an occupational exposure 

limit down to 0.1μg/m³.

The existing small-scale manufacturing area will 

be reconfigured, providing a single high-containment 

building to support early stage development and 

manufacturing. The facility is expected to be 

operational in the first half of 2019, the company 

reports (2). 

Lonza announced on 10 April 2018 that it has 

opened its dedicated cell- and gene-therapy 

manufacturing facility in Pearland, TX, USA (3), a 

300,000-sq.-ft. facility built in anticipation of rising 

demand from developers of cell and gene therapies. 

The facility offers integrated, “everything-under-one-

roof” access to cell- and gene-therapy manufacturing 

technologies, the company reports.

“Lonza Houston will serve as a center of 

excellence for cell-and-gene-therapy process 

development from concept through pre-clinical, 

clinical, and commercialization, all the way to the 

patient,” said Andreas Weiler, business unit head for 

emerging technologies at Lonza Pharma & Biotech, 

in a company press release. “This facility has the 

potential to produce treatment for thousands of 

patients suffering from rare genetic disorders or life-

threatening diseases under one roof. It will set a new 

standard in biopharmaceutical manufacturing and 

stand as one of four centers of excellence in cell and 

gene therapy in the only global network spanning 

three continents.”

The Lonza Houston Center of Excellence is 

operational and is recruiting more than 200 full-

time staff, including scientists, engineers, business 

personnel, and biotechnology professionals by the 

end of 2018. 

“Lonza is committed to the evolution and cultivation 

of a diverse medical and life-science community in 

the Greater Houston area for many years to come,” 
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said Marc Funk, Lonza Pharma & 

Biotech COO, in the press release. 

“The site is well positioned to meet 

the demands of the growing cell-

and-gene-therapy field. Combining 

this leading-edge facility with our 

unmatched experience and expertise 

in cell and gene therapy will allow 

us to provide a key advantage to 

biopharmaceutical companies and 

academic researchers and ultimately 

to the patients they serve.”

AGC Biologics, a contract 

development and manufacturing 

organization (CDMO) specializing 

in the clinical and commercial 

manufacture of therapeutic proteins, 

announced in March 2018 plans for 

a new building complex that will 

house the company’s headquarters 

in Bothell, WA, USA. The new 

150,000-sq.-ft. complex will hold the 

company’s process development 

labs and corporate administrative 

offices and will provide expansion 

space for additional manufacturing 

capacity (4).

According to the company, the 

new facilities allow it to continue 

its expansion in the United States 

and will include a new R&D center 

dedicated to novel manufacturing 

technologies for faster development 

of therapeutic proteins.

“These new state-of-the-art 

facilities will enable us to 

meaningfully advance and further 

integrate the development, 

manufacturing, and commercial 

functions within our dynamic global 

headquarters, as well as provide 

additional footprint for further 

manufacturing expansion,” said 

Gustavo Mahler, president and CEO 

of AGC Biologics, in a company press 

release.

The company also announced 

the addition of a 2000-L single-use 

bioreactor to its Berkeley, CA, USA, 

facility to support its biologics 

capacity (5). 

Partnerships
Catalent Pharma Solutions and 

Valerius Biopharma, a Swiss 

biopharmaceutical company, 

announced on 14 May 2018 that 

Catalent Biologics will provide cell 

line development and support cGMP 

manufacturing activities from Phase 

I through to commercial stages at 

its biologics manufacturing facility 

in Madison, WI, USA for Valerius’ 

biosimilar products.

The project will use Catalent’s 

GPEx technology, which creates 

production cell lines in a variety of 

mammalian host cells. The company 

reported in a press release that, 

to date, more than 460 different 

monoclonal antibodies and 

monoclonal antibody fusions, and 

more than 50 different recombinant 

proteins, have been produced using 

the GPEx system, achieving fed-

batch production titers of over 7 g/L.

Valerius Biopharma was founded 

to develop biosimilar products as 

alternatives to high-priced biologics, 

for indications where there is a 

substantial medical need. The 

company’s current product pipeline 

includes four biosimilar products in 

different development stages (6).

Cesca Therapeutics, a company 

specializing in automated cell 

processing and autologous cell-

based therapies, has signed a license 

agreement through its subsidiary, 

ThermoGenesis, with IncoCell Tianjin, 

a wholly-owned subsidiary of China-

based Boyalife Group, for chimeric 

antigen receptor (CAR)-T-related and 

other cellular processing contract 

development and manufacturing 

services (7).

Under the agreement, 

ThermoGenesis has granted IncoCell 

an exclusive license to purchase and 

use its X-Series cellular processing 

research devices, consumables, 

and kits for CDMO operations in 

certain Asia-Pacific countries. In 

exchange, ThermoGenesis is entitled 

to a percentage of IncoCell’s gross 

contract development revenues, 

including any potential upfront 

payments, future milestones, or 

royalty payments.

“China is among the leading 

markets for CAR-T developers, and, 

together with the [US], represents 

the two countries with the highest 

number of ongoing CAR-T clinical 

trials,” said Dr. Chris Xu, CEO of 

Cesca, in a company press release. 

“This agreement with IncoCell 

signifies our first CDMO collaboration 

and is consistent with our goal of 

expanding beyond off-the-shelf 

cellular processing solutions into 

higher-value contract manufacturing 

and development services. Moving 

forward, we plan to pursue 

additional CDMO collaborations in 

selected markets while executing 

global distribution and other 

strategic partnering agreements for 

our highly differentiated X-Series line 

of products.”   
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Oral delivery has long been regarded as the most 

preferred route of drug administration, and over 

the years, research in this field has made significant 

strides despite the numerous challenges. Barriers 

limiting effective oral drug delivery include poor 

solubility, membrane permeability, hydrolysis or 

enzymatic degradation in the gastrointestinal (GI) 

tract, pre-systemic metabolism, and excretion of 

the active, among others. Drug developers and 

formulators, however, now recognize that better 

dosage form design can be achieved with proper 

characterization of the API’s physicochemical 

properties and an assessment of the potential 

formulation and manufacturing challenges during an 

early stage. Advances in oral drug delivery continue 

to open up new avenues for more patient-centric 

drug design that offers improved outcomes. 

Digital pill tracks medication adherence
On 13 Nov. 2017, the United States Food and Drug 

Administration approved the first digital pill that 

has a sensor embedded in it to track if patients 

with schizophrenia, bipolar disorder episodes, 

and depression have ingested their antipsychotic 

medication (1). Abilify MyCite (aripiprazole), marketed 

by Otsuka Pharmaceutical, was hailed as a revolution 

in addressing the adherence gap. Mitchell Mathis, 

MD, director of the Division of Psychiatry Products 

in FDA’s Center for Drug Evaluation and Research, 

noted in a press statement (1) that the ability to track 

ingestion of medications prescribed for mental illness 

could prove useful for some patients. 

The ingestible sensor, the size of a grain of sand, 

is embedded at the point of manufacture. It is 

activated when the tablet dissolves in the stomach 

and communicates with a patch worn on the 

abdomen, which then transmits the date and time 

of tablet ingestion to the patient’s smartphone to 

track adherence. Patients can allow their physicians 

or caregivers to view their data through a web-

based portal, and the information can be useful 

in documenting improved patient outcomes and 

demonstrating treatment effectiveness (2, 3). 

The sensor, composed of a silicon chip coated 

with minerals that form part of the human diet, is 

digested and eliminated from the body. Both the 

sensor and the patch are manufactured by Proteus 

Digital Health. Nik Leist, senior director of Ingestible 

Sensor Manufacturing and site leader for Proteus 

Digital Health, highlighted in a keynote address at 

CPhI North America on 25 Apr. 2018 that the company 

has developed an efficient way to manufacture the 

sensors, as well as a process—based on existing 

solid-dosage manufacturing technology—for inserting 

them into a drug tablet or capsule to create a digital-

medicine combination drug product (3). 

Adeline Siew, PhD

New approaches enable more patient-centric 

drug design that offers improved outcomes.

Emerging 
Technologies 
Advance Oral 
Drug Delivery
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Robotic pill injects drug 
into the intestinal wall
Another innovation that has 

been grabbing headlines is the 

breakthrough pill developed by 

Rani Therapeutics, an InCube Labs 

company, which injects drugs directly 

into the small intestine (4). The idea 

behind the Rani Pill was to eliminate 

the need for injections—known to be 

one of the biggest hurdles to patient 

compliance—and provide a safe and 

pain-free alternative for the delivery 

of injectable drugs. The technology 

could potentially be the key to 

solving oral delivery challenges for 

biologics such as insulin, antibodies, 

human growth hormones, peptides, 

and proteins (5). 

Rani’s robotic pill is a sophisticated 

device where the solid drug is placed 

inside tiny, hollow, dissolvable 

needles, assembled into a balloon-

like structure and folded in a capsule. 

This ensures that the active is not 

exposed to the digestive enzymes 

of the GI tract. The capsule has 

a pH-sensitive enteric coating, 

enabling it to pass through the 

stomach without being degraded. 

Upon reaching the duodenum, the 

rise in pH causes the enteric coating 

to dissolve, which then initiates a 

chemical reaction to produce gas 

inside the balloon. Balloon inflation 

is triggered when citric acid reacts 

with sodium bicarbonate, and this 

reaction creates the pressure needed 

to push the drug-loaded needles 

into the intestinal wall (4, 5). The 

high vascularity of the intestinal wall 

facilitates quick absorption, and 

because there are no pain receptors 

in the intestine, injection is painless. 

According to the company, the 

An alternative to pills and injections: CUREfilm redefines how medicines are delivered and experienced.

The CUREfilm technology, developed by Cure 

Pharmaceutical, delivers drugs through a dissolv-

able strip that can be applied in the oral cavity or 

onto the skin. It replaces the need for swallowing 

or injecting medicines. The film has the ability to 

hold multiple active ingredients on one dissolv-

able strip, hence, eliminating the need to take 

multiple medications for daily treatments. 

“CUREfilm products are designed to optimize 

drug release profiles and achieve a target product 

profile,” says Jessica Rousset, COO at CURE Phar-

maceutical. “Unlike traditional oral drug delivery, 

CUREfilm can be designed to bypass the gastroin-

testinal (GI) tract, avoiding GI-related side effects 

and inactivation in the gut or liver.” Rousset 

explains that the nanoencapsulation of active 

ingredients within the film further protects them 

from degradation during the manufacturing 

process and as they navigate the biological en-

vironment, thereby, prolonging the drug’s pres-

ence in the circulatory system as needed. Rousset 

spoke to Pharmaceutical Technology Europe about 

advantages of CUREfilm and its applications in 

drug delivery.

PTE: What drug delivery challenges does CURE-

film solve or address?

Rousset: There are two facets to this answer: 

bioavailability and patient experience. Regarding 

bioavailability, recent figures suggest that 30% 

of marketed drugs have high permeability but 

low solubility (1). This number jumps to 70% for 

investigational drugs in the pipeline (2). CUREfilm 

drives more rapid solubilization of medicines in 

biological fluids, whether through the GI tract 

or the oral mucosal membrane. Drug delivery 

through the mucosal membrane has the advan-

tage of immediate absorption by the cheek, gum, 

or sublingual vasculature, bypassing the diges-

tive tract where medication can get metabolized 

and inactivated, or cause GI toxicities. 

From the patient perspective, approximately 

40% of patients struggle swallowing pills, and 

injections are unpleasant, especially when 

self-administered. Such experience leads to 

missed doses, potentially worsening the patient’s 

health outcomes. CUREfilm can reduce this bur-

den with fewer side effects. 

PTE: What are the advantages of CUREfilm 

compared with other drug delivery technologies? 

Rousset: CUREfilm technology enables high 

drug loading, whether it is one or multiple 

active ingredients, while maintaining the film’s 

desirable properties such as rapid dissolution 

and a pleasant taste. This feature allows us to 

improve the delivery of lower potency drugs, 

such as antibiotics and combination drugs. To 

date, we have produced at commercial scale, a 

CUREfilm nutraceutical product with five dif-

ferent active ingredients for a combined dose 

of 180 mg. In the laboratory, using a next-gen-

eration tri-layer film, we have exceeded 500-

mg film loads that dissolve rapidly. CUREfilm 

technology has the potential to advance preci-

sion medicine by relegating the ‘one-size-fits-

all’ approach to dosing drugs to the past. As we 

better understand how individuals, both chil-

dren and adults, metabolize drugs differently, 

it will become increasingly essential to dis-

pense drug doses with precision, and CUREfilm 

opens up this possibility. CUREfilm technology 

is also available to preclinical researchers deliv-

ering test compounds to experimental animals, 

as a more humane and operator friendly alter-

native to oral gavage. 

PTE: What type of drugs and treatments will 

benefit from CUREfilm?

Rousset: Currently, we have several ranges of 

products that are manufactured, in development, 

or in the research stage. The target indications 

include neurological conditions, sleep disorders, 

inflammatory conditions, and cancer. We have 

several pharmaceutical products that are in the 

works leveraging the CUREfilm technology: a 

combination cannabinoid buccal film to treat 

obstructive sleep apnea, a treatment for erectile 

dysfunction, and a high dose vitamin D3. 

CURE is also strategically investing in research on 

the endocannabinoid system, which is a new fron-

tier in medicine. The endocannabinoid pathway is 

an important regulator of other physiological sys-

tems and plays a role in maintaining homeostasis. 

When you can regulate the body, you unlock the 

potential to treat a host of medical conditions, such 

as cancer, diabetes, multiple sclerosis, and many 

other conditions. Specifically, we are sponsoring 

cancer discovery research in the laboratory of Dr. 

Dedi Meiri at the Technion Institute of Technology 

to evaluate the antitumor effects of phytocanna-

binoids and terpenes, on various cancer-driving 

mutations and pathways and to elucidate the 

mechanism of cannabinoid-mediated antitumor 

effects with the goal of delivering these actives to 

patients using CUREfilm.
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components used in the robotic pill 

are FDA-approved injectable and 

ingestible materials that are safely 

absorbed and easily passed out of 

the body (4, 5). 

The technology, which Rani 

Therapeutics says can be applied 

to biologics of any molecular 

weight, regardless of structure or 

properties, has attracted the interest 

of a number of pharmaceutical 

companies, including Novartis and 

AstraZeneca. Biotech company Shire 

announced in December 2017 that it 

has entered into a collaboration with 

Rani Therapeutics to evaluate the 

use of the Rani Pill technology for 

the oral delivery of factor VIII therapy 

for patients with haemophilia A (6). 

Under the terms of the agreement, 

Shire has exclusive rights to the 

development and commercialization 

of a novel technology for the oral 

delivery of factor VIII. In February 

2018, Rani Therapeutics secured 

US$53 million (€44.9 million) to fund 

the manufacturing of its robotic 

pill for clinical trials. It is currently 

working with a manufacturing 

automation company to develop the 

aseptic manufacturing line needed 

for human testing (7). 

Star-shaped structure 
extends drug delivery
Researchers from the Massachusetts 

Institute of Technology (MIT) have 

developed an oral pill that can remain 

in the stomach for seven days, 

allowing once-weekly dosing for 

antiretroviral drugs for HIV treatment. 

Studies in pigs have demonstrated 

that week-long systemic drug levels 

of the antiretrovirals dolutegravir, 

rilpivirine, and cabotegravir could be 

achieved after a single administration 

of this novel oral dosage form (8). 

The pill, which consists of distinct 

drug–polymer matrices, looks like a 

normal capsule, but when it reaches 

the stomach, the coating dissolves 

and a star-shaped structure that 

has been packed inside the capsule 

unfolds and starts to slowly release 

its cargo of drugs. The structure 

has six arms joined by a linker to a 

central core made of an elastomeric 

material that enables folding of the 

dosage form into a capsule and its 

recoil upon dissolution of the capsule 

shell in the acidic environment of the 

stomach (8). Drugs are loaded into the 

arms of the star-shaped structure, 

which will then degrade after drug 

release is completed and pass 

through the digestive tract. Prolonged 

gastric residence is achieved because 

of its geometry—the expanded 

star-shaped structure is too large to 

move out of the stomach but will not 

cause blockage to food journeying 

through the GI tract. This approach 

is applicable to other diseases. The 

group previously demonstrated that 

the capsule technology provided 

extended release of the antimalarial 

drug ivermectin over a period of two 

weeks in pigs (9).

“Until now, oral drugs would 

almost never last for more than a 

day,” Robert Langer, the David H. 

Koch Institute Professor at MIT, 

said in a press statement (10). “This 

[technology] really opens the door to 

ultra-long-lasting oral systems, which 

could have an effect on all kinds of 

diseases, such as Alzheimer’s or 

mental health disorders.”

Dual-trigger 
coating technology for 
drug release in the colon
Intract Pharma has developed a 

dual-coating technology, known as 

Phloral, for precise and consistent 

delivery to the colon. It is well 

recognized that the colon can serve 

as an optimal site of absorption and 

provide a pathway for entering the 

systemic circulation. The challenge, 

however, is the ability to achieve 

consistent, site-specific release 

in this region of the gut, Professor 

Abdul Basit, founder of Intract 

Pharma, pointed out at a formulation 

seminar held at University College 

London, UK on 22 June 2017. 

Approaches based on the use of 

pH-sensitive polymers dissolving at 

higher pH toward the terminal ileum 

have been associated with high 

variability and failure in vivo. The drug 

is either released prematurely or not 

at all in some cases (11). 

Phloral comprises of a pH-sensitive 

polymer and a natural polyssacharide 

that is digested by the colonic 

microbiota. The system exploits 

changes in the gut pH in combination 

with the enzymatic activity of the 

microbiota as independent but 

complementary release mechanisms 

to facilitate site-specific release (12). 

Basit explained that should there 

be pH variation in the gut, the 

polysaccharide component is 

independently digested by the 

bacteria residing in the colon, hence, 

providing a fail-safe mechanism 

that overcomes the limitations of 

conventional polymer coatings. 

According to Intract Pharma, the 

first Phloral product has successfully 

completed Phase III trials (12).
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devices does not require gravity to 

achieve separation. Differences in 

the wetting properties of two liquids 

(or a gas and a liquid) on the porous 

membrane allow for separation 

of immiscible solutions, even for 

solutions with compounds that have 

the same density. One material wets 

the membrane, filling all of the pores 

(the wetting phase). Application of 

a controlled-pressure differential 

“pushes” the wetting phase through 

the pores while leaving the not-

wetting phase behind.

“This technology is the only 

solution available for continuous 

manufacturing because these devices 

can be operated in a pressurized line 

to enable multistep synthesis without 

interruptions,” Adamo, who is the 

CEO of the company, asserts. He 

adds that the systems have excellent 

scalability and thus provide a single 

solution from the bench to the plant, 

reducing the time and money needed 

for optimization and scale up.

Zaiput has sold its technology to 

pharmaceutical companies around 

the world, and even sent devices 

into space on the International Space 

Station. The technology was included 

in the CRS-13 Mission in December 

2017 to confirm its ability to perform 

in zero-gravity conditions. The 

devices were found to successfully 

separate immiscible liquids in space 

while under remote operation and 

observation.

The company has an ongoing 

collaboration with Snapdragon 

Chemistry, a contract-development 

company focused on facilitating the 

adoption of flow chemistry and is 

starting one with the “Medicines 

4 All” programme operated by 

Virginia Commonwealth University 

(VCU) with support from the Gates 

Foundation. “Zaiput has innovation at 

its heart, and we are always looking 

for new additions and new ideas,” 

Adamo asserts. 

Scaling down automation 
For continuous manufacturing, 

where many of pieces of equipment 

have to be operated, monitored, 

and adjusted simultaneously, 

automation is essential. Automation 

has long been available on plant-

scale but is now coming into the 

Flow chemistry for the production of small-molecule APIs is 

recognized to offer significant benefits, particularly for processes 

that involve hazardous reagents or that are highly exothermic. The 

ability to provide greater process control combined with the use of 

minimal quantities of reagents at any one time increases the safety of 

such processes, in many cases enabling the production at commercial 

scale of valuable compounds that cannot be manufactured practically 

in batch mode. Continuous processing is new to API manufacturing, 

however, and additional tools and technologies must still be 

developed to make this promising approach a practical, widespread 

reality.

A few solutions that have been recently introduced or are under 

development to facilitate the adoption of flow chemistry for API 

manufacturing are described as follows.

New separation technology
Continuous processes are required not only for the reactions used in 

the synthesis of small-molecule APIs, but also for the unit operations 

connecting reactions. The development of continuous work-up 

solutions is one area that has been lagging. 

Zaiput Flow Technologies was founded at the end of 2012 to 

commercialize liquid-liquid separation/extraction technology suitable 

for continuous processing that was developed by Andrea Adamo while 

working at the Massachusetts Institute of Technology. The company’s 

core capability, according to Adamo, is engineering innovation in the 

context of fluid-related operations.

Zaiput’s membrane-based separation technology exploits the 

concepts of hydrophobicity and hydrophilicity and unlike traditional 

From separation systems to reactor technology, new tools 

are increasing the feasibility of continuous API production.

New Tools Outline 
Advances for Continuous 
API Processing

Cynthia A. Challener is 

a contributing editor to 

Pharmaceutical Technology 

Europe.
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pilot plant and laboratory, according to 

Matthew M. Bio, president and CEO of 

Snapdragon Chemistry. “With laboratory 

automation enabled, flow chemical 

process development is accelerated 

through automated experimentation. At 

the pilot scale, automation is being applied 

to ensuring safety and consistent product 

quality,” he explains.

In-line process analytical technologies 

(PATs) such as infrared (IR) spectroscopy, 

Raman spectroscopy, and bench-top 

nuclear magnetic resonance are also 

being developed specifically for flow 

chemistry applications, according to Bio. 

“In the lab, in-line PATs are providing 

rich data sets that can be mined for 

process understanding, while in the pilot 

plant, they provide real-time process 

monitoring and enable feedback control 

of continuous processes.”

Automated flow systems, coupled with 

embedded in-line PAT, are being used at 

Snapdragon to automate the discovery and 

development of continuous manufacturing 

processes. “We are able to rapidly 

define process design spaces through 

automated process characterization,” 

says Bio. The company is also developing 

autonomous process development tools 

where optimization algorithms are used to 

discover optimal reaction conditions. The 

data derived from these flow systems can 

be used for machine learning applications. 

3D-printed microreactor
Flow chemistry is often performed in 

microreactors, small reactors with small 

volumes and high throughputs. Anton 

Paar, in conjunction with pharmaceutical 

companies such as Janssen, Patheon, 

AstraZeneca, and Lonza, has used 

additive manufacturing to produce a 

microreactor as part of the international 

research project “CC Flow.” Initial 

research and simulations were performed 

by Professor Oliver Kappe and his team at 

the University of Graz. 

The reactor was designed for the 

difluoromethylation of a lithiated 

nitrile with fluoroform (CHF3), a known 

greenhouse gas. “Three prototypes were 

developed before the final design and the 

perfect internal and external dimensions 

were determined,” explains Stefan Pfanner, 

specialist for additive manufacturing and 

direct metal laser sintering at Anton Paar.

The reactor was produced via direct 

metal laser sintering using 316L stainless-

steel powder with dimensions of 164 

mm by 93 mm by 3 cm (thickness). 

Stainless-steel was chosen based on 

the chemical, mechanical, and thermal 

stability and thermal conductivity required 

for the reaction, according to Pfanner. 

A serpentine cooling core is surrounded 

by reaction channels that have an inner 

diameter of 0.8 mm and a total length of 

four meters. There are four inlets, two 

defined reaction zones, and one outlet.

Anton Paar plans to develop various 

tailor-made reactor types for different 

industrial requirements, according to 

Gunter Kole, business area manager for 

analytical and synthetic chemistry at the 

company. “One of the advantages of 3-D 

printing is that any type of design can be 

produced, which has not been possible in 

the past with conventional manufacturing 

technologies,” he notes.

More reactor technology
In November 2017, Corning and the 

University of Liège in Belgium announced 

the establishment of the first lab in 

Europe qualified for use of the Corning 

Advanced Flow reactor (AFR) (1). The 

lab is located in the university’s Center 

for Integrated Technology and Organic 

Synthesis (CiTOS), which provides 

customers with continuous-flow 

demonstrations, experimental trials, 

feasibility testing, and chemical reaction 

process development services. Other 

labs have previously been qualified in the 

United States and China.

Earlier in 2017, Angelini Pharma installed 

Corning’s AFR technology at its Aprilia 

facility for use in API manufacturing (2). The 

company started with a pilot line (G1 glass 

and G1 silicon carbide) in 2015 and decided 

to switch to the G4 production reactor 

shortly afterwards. The production reactor 

meets pharmaceutical quality and US Food 

and Drug Administration requirements. The 

company uses flow chemistry to perform 

reactions it could not do previously on a 

commercial scale in batch mode (2).

Best supporting 
actor

The HS-20 headspace sampler

supports accurate GC and GCMS

analysis of volatile compounds

with a wide range of boiling

points, e.g. odorous components.

The HS-20 acts perfectly in a vari-

ety of fields such as environ ment

and quality control of pharmaceu-

ticals, chemical materials and

food products.

Superior precision of data

through minimized carryover

Increased sensitivity analysis 

even of high boiling point 

compounds

Best of class features

starring ultra trace analysis

www.shimadzu.eu /hs-20-series

Continuous processing 
is new to API manufacturing, 
and additional tools 
and technologies must
be developed to make
this promising approach a 
practical, widespread reality 
across the industry.
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The AFR technology is designed 

to enable the conversion of batch 

chemical processes to continuous 

processes. The reactors consist 

of engineered fluidic modules 

that integrate heat-transfer and 

mass-transfer into a single piece of 

equipment. As a result, they offer 

at least 100 times enhancement in 

mixing, 1000 times improvement 

in heat transfer performance, and 

efficient scale-up from the lab to full-

scale production, according to the 

company (1). Processescan benefit 

from increased efficiency, scalability, 

yields, and quality with reduced 

performance variability and cost.

Scale-up approach
Another change in technology 

that is impacting continuous 

manufacturing today, according to 

Bio, is the approach to scale up and 

the design of production facilities for 

continuous manufacturing. He points 

to Eli Lilly’s Kinsale plant in Ireland 

as an example of a new approach 

to pharmaceutical drug-substance 

manufacturing in which the use of 

small-footprint modular components 

in fume hoods results in a flexible 

facility where process trains can be 

easily reconfigured for multi-product 

applications. “The reduced size and 

cost of continuous manufacturing 

equipment together with the ability to 

adjust output by numbering out and 

numbering up will enable responsive 

supply chains for pharmaceutical 

API,” Bio states.

Snapdragon has developed a 

scalable-by-design approach to flow 

chemical process development. “We 

have invested in the development 

and characterization of laboratory 

reactors that mirror the performance 

of production-scale reactors. Our 

custom software platform FlowChem 

WebApp continuously logs data 

from these reactors and interacts 

with a suite of [Internet-of-Things] 

IoT-enabled flow components for 

automated experimentation and 

even autonomous, algorithm-

driven, reaction optimization. These 

tools allow for rapid translation of 

laboratory results to production 

scale,” says Bio. 

Snapdragon has also invested 

in the development and scaling 

of photochemical processes, 

recently completing the design and 

construction of a production-scale 

5 kW flow photoreactor that is built 

to work with a range of different 

wavelengths and is able to operate 

under pressure for gas/liquid 

photoreactions.

Pumping gap
Pumping technologies for flow 

chemical applications, particularly 

at lab and pilot scale, are still 

inadequate, according to Bio. “The 

syringe pumps typically used in 

laboratory flow demonstrations don’t 

accurately mirror the performance 

of plant-scale pumping technologies, 

but to develop plant-ready processes, 

pump performance characteristics 

must be taken into account,” he 

explains. Some manufacturers 

are beginning to look at this issue, 

though. The Tacmina Smoothflow 

technology is particularly useful 

for developing flow processes with 

organometallic reagents, according 

to Bio. Snapdragon has been working 

with Tacmina to evaluate this pump 

in flow chemistry applications. 

The company is also evaluating 

microannular gear pumps as another 

scalable pump technology for flow 

chemistry. 
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API  development news

Codexis partners with CDMO on biocatalysts 

Codexis, Inc., a Redwood City, CA, USA-based developer of 
biocatalyst technology, and Porton Pharma Solutions of 
Chongquig, China, announced on 23 April 2018 a strategic 
collaboration in which Porton will license core elements of the 
Codexis biocatalyst technologies, including the Codexis proprietary 
biocatalyst libraries, high-throughput screening, and enzyme 
manufacturing knowledge for its global custom intermediate and 
API development and manufacturing business (1).

The partnership is designed to accelerate the creation and 
commercialization of low-cost, sustainable manufacturing 
processes by using biocatalysts for the manufacture of small-
molecule pharmaceuticals. Use of biocatalysts can reduce 
costs, enhance sustainability, and improve product quality for 
small-molecule drugs, Codexis noted in a press statement.

Porton will receive preferential access to the Codexis 
CodeEvolver protein engineering platform technology to create 
new biocatalytic process solutions. Porton plans to install 
operations of these biocatalyst technologies into its custom 
contract development and manufacturing (CDMO) offerings. 

Cambrex Expands Two API Facilities 

On 15 May 2018, Cambrex reported (2) that it had completed 
a pilot plant expansion at its High Point, NC, USA facility. A 
new fourth reactor suite measures 400-sq.-ft. and includes 
two 2000 L glass-lined reactors and a Hastelloy C22 filter 
dryers. The addition increased the site’s reactor capacity by 
approximately 30%, the company repoorted in a press release. 

The company reported on the construction of a €20.6-million 
($24-million) facility for highly potent API manufacturing at its 
Charles City, IA , USA plant. A 4500-sq.-ft. production area with 
a reactor capacity of 2200 gallons will manufacture batches 
from 50–300kg and operate at an occupational exposure limit 
down to 0.1μg/m³. The facility is expected to be operational in 
the first half of 2019, the company reports.

References
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life of a product. A novel delivery 

system, known as smartPearls 

(PharmaSol GmbH, Germany), 

has been developed to address 

these challenges. smartPearls are 

porous particles, with the active 

loaded inside the pores. Being in 

the so-called mesopores means 

that the amorphous active has 

a nanodimension (2–50 nm), but 

it is not a nanoparticle. In other 

words, smartPearls combine the 

solubility increases (ΔCs) from 

both the amorphous state and the 

nanodimension, further increasing 

the saturation solubility and 

providing an efficient dermal delivery 

system.

The smartPearls technology 
smartPearls are micron-sized porous 

particles, which are typically silica 

particles (e.g., Syloid silica, W. R. 

Grace, Columbia, MD, US). There are 

also various other materials that can 

be used, such as porous calcium 

carbonate or polymeric particles. 

Silica particles are commercially 

available as regulatorily accepted 

excipients with different pore sizes. 

Mesopores with a diameter between 

2 nm and 50 nm are preferable, 

although larger pores can also be 

used, such as macropores in the 

range of more than 50 nm up to a 

few 100 nm. The pores are filled with 

the active drug in the amorphous 

state. Silica particle sizes range 

from 2 μm to a few hundred μm, 

and are, therefore, considered 

as microparticles. To avoid the 

sedimentation effects in dermal 

formulations, sizes of a few μm are 

preferred.

Loading of the pearls is performed 

by the impregnation method. An 

alternative solvent-free method is 

by co-extrusion of silica and the 

melted active. In the impregnation 

method, the active is dissolved in a 

regulatorily accepted solvent. The 

Efficient dermal delivery of poorly soluble actives is still a 

challenge. For compounds that are poorly soluble in both water 

and oils (e.g., rutin with 125 μg/mL in water and 1.3 μg/mL in oleic 

acid), there is a very low concentration gradient between the 

dermal formulation and the skin, which consequently results in a 

low diffusional flux (see Figure 1). A general basic approach is to 

increase this concentration gradient by increasing the saturation 

solubility (Cs) of the actives. Methods include the admixture 

of water-miscible organic solvents (e.g., alcohols), the use of 

co-solvents such as polyethylene glycol (PEG), or complexation with 

cyclodextrins. There are, however, problems with these approaches 

that can limit their effect. In the case of volatile solvents such as 

alcohol, the solubility of the active decreases with application 

time, because of the fast evaporation of the alcohol, leading to 

precipitation of the active on the skin in the form of large crystals 

that have low penetration through the skin. With the co-solvents 

approach, crystallization can also happen when the solvent 

penetrates into the skin faster than the active itself. Penetration 

from cyclodextrin complexes is low if the binding constant of 

the cyclodextrin complex is high. In this case, only little active is 

released to the skin.

Other approaches to increase the saturation solubility of an active 

are by nanonization of the active crystal to nanocrystals (which 

increases the dissolution rate), or to use the amorphous form of 

the active. The NanoMorph technology (Abbott GmbH and Co. KG, 

Germany) combines both of these approaches to create amorphous 

nanoparticles (1). The amorphous state, however, is physically 

unstable and tends to recrystallize spontaneously during the shelf 
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Drugs in the amorphous form are loaded into porous silica particles, 

which provide a maintained concentration gradient for skin delivery.

A Novel Amorphous 
Delivery System to 
the Skin for Poorly 
Soluble Actives

With the co-solvents 
approach, crystallization 
can also happen when the 
solvent penetrates into 
the skin faster than the 
active itself.
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silica particles are then soaked with 

this solution, so that the pores are 

filled. After evaporating the solvent, 

the active precipitates within 

the pores. The advantage of this 

approach is that the active is unable 

to crystallize because there is not 

enough space in the mesopores for 

crystallization (known as the “space 

restriction effect”). It has been 

shown that actives can remain in the 

amorphous state in silica powders 

for up to seven years (2).

The skin delivery 
mechanism of smartPearls 
The loaded smartPearls can 

be incorporated into the water 

phase of gels or oil-in-water (o/w) 

creams. They can be mixed into 

the finished product, such as with 

the o/w creams. Alternatively, 

in the case of gels, they can be 

added to the water phase before 

gelation. The particles are then 

evenly distributed in the gel. After 

admixture, a part of the amorphous 

active dissolves and generates a 

supersaturated solution (Css) in the 

water phase (see Figure 2). 

In the case of creams, the 

dissolved actives will also partition 

into the oil phase. Following 

application on the skin, a high 

concentration gradient (Css-Cskin) 

is generated, leading to high passive 

diffusion. The amount of active 

diffused into the skin is immediately 

replaced by active dissolving out 

quickly from the pores (see Figure 

2B). This concentration gradient is 

maintained until all the active have 

been released from the mesopores 

(see Figure 2C). For dermal fluid 

formulations, the preferable particle 

sizes are of a few μm (e.g., 2 μm), 

because they are more adhesive 

compared to larger ones and thus 

Figure 1: The solubility of an active can be increased by particle size reduction 

(e.g., microparticles to nanoparticles), changing the physical state from the 

crystalline to the amorphous form, and by combining both approaches (e.g., 

smartPearls technology). Cs is the saturation solubility of the active. Cskin is the 

concentration of the active in the skin. Css is the supersaturated solution.

Figure 2: smartPearls in the water phase of a gel or cream (left) and 

the penetration mechanism into the skin (right). The system maintains 

a concentration gradient between the formulation and the skin. Css is 

supersaturated solution. Css-Cskin is the concentration gradient between the 

dermal formulation and the skin.
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smartPearls combine 
the solubility increases 
(ΔCs) from both the 
amorphous state and the 
nanodimension, further 
increasing the saturation 
solubility and providing an 
efficient dermal delivery 
system.
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can provide prolonged delivery when 

applied onto the skin.

Assessing penetration 
enhancement on skin
Nanocrystals can be considered as 

the gold standard in penetration 

enhancement of poorly soluble 

actives (3). For rutin, a flavonoid 

with anti-oxidative properties, an 

increase in activity in the skin by a 

factor 1000 was shown, compared 

to a formulation with a water-soluble 

rutin derivative. At 1/500th the 

concentration of rutin dissolved from 

nanocrystals, a two-fold increase 

in sun protection factor (SPF) was 

observed in a human study with 

irradiated volunteers (4). 

The authors compared the 

performance of amorphous rutin in 

smartPearls with rutin nanocrystals 

and rutin microcrystals. To avoid 

animal studies, penetration was 

assessed using skin from porcine 

ears, and a tape stripping test was 

performed as a predictive test for 

skin penetration. 

All the particle types were 

incorporated into hydroxypropyl 

cellulose (HPC) gels. The gels 

contained 5% rutin in form of micro- 

and nanocrystals, but only 1% 

amorphous rutin in the smartPearls 

gel. Figure 3 shows the amount 

of rutin found in the respective 

tape strips (5). Performance of the 

smartPearls was comparable to the 

nanocrystals at only 1/5th of the 

rutin concentration (1% amorphous 

rutin vs. 5% nanocrystals).

Marketing and 
regulatory aspects
Drug developers of dermal 

formulations are becoming more 

reluctant to use nanoparticles 

in their products because 

of the increasingly stringent 

regulatory safety requirements for 

nanoparticle-containing products. 

According to the EU cosmetic 

regulation (6), for example, 

nanoparticulate ingredients must 

be declared, such as the case of 

titanium dioxide used in sunscreens. 

Because smartPearls are 

microparticles, no “nano” declaration 

is necessary for the final product. 

In addition, silica particles are 

already used and well established in 

dermal products, such as gels and 

transdermal patches. In the case of 

smartPearls, these silica particles 

are loaded with actives or drugs. 

In contrast to synthetic polymeric 

porous particles, they are a natural 

material—an aspect of increasing 

importance for dermal products. 

Conclusion
The smartPearls approach provides 

an enabling technology for delivering 

molecules to the skin, especially for 

new chemical entities that cannot 

be efficiently delivered into the skin 

with traditional dermal formulations. 

It is also be used as a lifecycle 

management/extension strategy for 

pharmaceutical products when a 

patent protection expires. 
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Figure 3: Tape stripping test in porcine ear skin comparing hydroxypropyl cellulose gel 

formulations of rutin-loaded smartPearls (1% rutin), rutin microparticles (RDP) (5% rutin), and rutin 

nanocyrstals (NC) (5% rutin). The first tape strip was always discarded. Note the different scales 

on the y-axis.
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Nanocrystals can be 
considered as the gold 
standard in penetration 
enhancement of poorly 
soluble actives.
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M
ost particle sizing instruments that may be con-
sidered particle counters measure particles one at 
a time and populate a frequency histogram with 
the results. There are two common types of histo-

grams: those that are arithmetically spaced and those that 
are geometrically spaced. Any histogram can be described 
using a range, the number of bins, and a binning constant. 
The binning constant may be additive (e.g., an arithmeti-
cally spaced histogram), or it may be multiplicative (e.g., a 
geometrically spaced histogram).

Arithmetically spaced histograms are the most common 
and are described in any course on statistics, one example 
being the normal or Gaussian distribution. Geometrically 
spaced histograms occur very often in nature, particularly 
in the field of fine particle characterization. An example 
of a geometrically spaced histogram is that of a lognormal 
distribution. The statistical characterization and proper-
ties of geometrically spaced histograms are taught far less 
often in general statistics courses. The theoretical process of 
generating a statistically robust, geometrically spaced his-
togram is mentioned in the literature, but the algorithms to 
do so are absent.

Instruments that measure particle size distribution work 
on a wide array of technologies and underlying concepts. 
These underlying concepts often decide the type of weight-
ing by which the data will be reported. As some examples, 
sieving will produce a mass-weighted particle size distribu-
tion (1), laser diffraction will produce a volume-weighted 
particle size distribution (2), and dynamic light scattering 
(DLS) will produce an intensity-weighted particle size dis-
tribution (3). Another common class of instruments are par-
ticle counters, which produce a number-weighted particle 
size distribution.

Particle counters are somewhat unique in that they mea-
sure several particles in serial succession, one at a time. By 
contrast, all other technologies will measure a given prop-
erty of an ensemble of particles at the same time then relate 
that property to particle size. Not only are counters able 

This work and derivation yielded two equations 

of note for a geometrically spaced histogram, 

one for the binning constant, c
b
, and one for 

the number of bins, k. With these equations, a 

conservative histogram may be constructed that 

has minimal effect on the accuracy and peak width 

of a number-weighted particle size distribution. 

Examples including a standard reference material 

and a real sample are given to show the effects 

of using these equations. Additionally, a sample 

of randomly distributed values is also analyzed, 

both with a traditional algorithm that lead to a 

discontinuous, discrete distribution, an effect 

known as over-binning, and the proposed 

equations, which lead to a continuous distribution.
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to give a particle size distribution with the highest level of 
resolution, but they can sometimes offer information on 
particle shape as well as concentration. Particle counters, 
like most other platforms, are comprised of several under-
lying technologies. The three most common particle coun-
ters are those that rely on images (e.g., dynamic or static 
image analysis) (4, 5); those that produce a signal through 
the process of blocking light (e.g., light obscuration or single 
particle optical sensing [SPOS]) (6, 7); and those that make 
use of the electrical sensing zone method (8), also known as 
the Coulter principle.

Because each particle is individually measured, the num-
ber (or frequency) of observed particles of a given size range 
can be incrementally measured. This is the basis for the con-
struction of a frequency histogram. The y-axis is typically 
used for the number of particles measured, a frequency, or 
probability value.  The x-axis is divided into particle size 
ranges, often referred to as bins or class intervals.

The number of bins and the subsequent spacing between 
bins used in the construction of the frequency histogram 
varies depending on the instrument software. For instance, 
the Malvern Morphologi G3, a static image analysis instru-
ment, will typically use 1000 to 2000 bins as a default. The 
Particle Sizing Systems Accusizer 770, an SPOS instrument, 
can use 64, 128, or 256 bins, with 128 bins being the software 
default. The Particle Sizing Systems Accusizer 780, another 
SPOS instrument, can use 128, 256, 512, or 1024 bins, with 
256 bins being the software default. The Micromeritics Elzone 
II and the Beckman Coulter Multisizer 4, both of which use 
the Coulter principle, utilize 300 and 400 bins, respectively. 

The use of more bins over a given fixed range will often 
result in higher resolution, but resolution gained in this 
manner does have a practical limit. The limit occurs when 
the difference between two bins becomes less than the reso-
lution of the instrument. This phenomenon is called “over-
binning” and is well documented for histograms that are 
constructed with arithmetic spacing.

One of the results of over-binning is the distribution 
becomes non-continuous and polymodal. Another way of 
saying this is the data are no longer continuous, but rather 
become discrete. In most traditional statistical treatments 
of continuous data, there is the assumption the data are nor-
mally distributed. The normal distribution, also known as 
a Gaussian distribution, is symmetric about its mean and 
monomodal (9). Once the data become discrete, more ad-
vanced statistical analysis treatments are available (e.g., like-
lihood testing, logistic modelling, etc.) (10), but because the 
underlying assumptions of traditional statistics are false for 
discrete data, the treatment of discrete data by traditional 
techniques is not applicable. 

As previously mentioned, over-binning is well docu-
mented for histograms that are constructed with arithmetic 
spacing; however, there is virtually no solution proposed 
for histograms that are constructed with geometric spacing 
such as particle size distribution data. Most particle size dis-

tribution data are lognormal. Thus, they are typically pre-
sented using a semi-log plot with the x-axis being divided 
in a geometric manner. 

Presented here is a mathematically derived algorithm 
that may be used to decide the proper number of bins to 
use based on the number of particles measured, the range 
of the data, the standard deviation, and the desired con-
fidence level. This algorithm should give the best resolu-
tion possible without forcing the data to become discrete. 
To test the validity of the algorithm, two objectives were 
proposed: 

• Study the effects of histogram binning on the accuracy 
and precision of particle sizing measurements.

• Test the hypothesis whether the proposed technique 
would decrease the probability of over-binning.

Review of literature
The classical frequency histogram is formed by constructing 
a set of non-overlapping intervals, called bins, and count-
ing the number of points in each bin. Again, by classical 
theory, the bins all should be evenly spaced (i.e., arithmeti-
cally spaced). The first work in the literature to discuss the 
construction of histograms was by Sturges (11). Sturges as-
sumed a binomial distribution could be used as a model 
of an optimally constructed histogram with appropriately 
scaled data. This led to what is known as Sturges’ rule where 
k is the number of bins and n is the total sample size (see 
Equation 1).

nk 2log1+=
 [Eq. 1] 

Sturges’ rule has since become the widely recommended 
rule in most statistics texts and often is used in statistical 
packages as a default. One of the assumptions of Sturges’ 
rule is the data follow a perfectly shaped Gaussian distribu-
tion (i.e., the distribution has no skewness or kurtosis). To 
accommodate skewness, Doane (12) proposed increasing the 
number of bins as a function of the standardized skewness 
coefficient, γ, as shown in Equation 2.

( ) +++=
6

1loglog1 22

n
nk

 

 [Eq. 2]

Both Sturges’ rule and Doane’s rule are known to lead to 
oversmoothed histograms, especially for large sample sizes 
(13, 14). To minimize the mean square error across the dis-
tribution function, Scott (15) derived an equation (see Equa-

tion 3) to find the best width of each bin, h, rather than the 
number of bins, k, which is a simple function of the standard 
deviation of the distribution, σ. 
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 [Eq. 3] 

This was then improved upon by Freedman and Diaconis (16) 
who derived a more robust equation (see Equation 4) that re-
placed σ with a multiple of the interquartile range (IQ). Note 
the interquartile range is the difference, X

75
-X
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n
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h =

 

 [Eq. 4]

Terrell (17) derived a similar relationship (see Equation 5).

h
2.603

n
 

IQ
=

3

 [Eq. 5] 

Sturges’ rule, Scott’s rule, and the Freedman-Diaconis 
rule constitute nearly all references in the literature and 
textbooks. In that order, Sturges’ rule is the least stringent 
and the Freedman-Diaconis rule is the most stringent. Stur-
ges’ rule requires approximately 64% of the number of bins 
as Scott’s Rule, which requires approximately 74% of the 
number of bins as the Freedman-Diaconis rule.

Keeping in mind one of the first assumptions of all three 
rules was the bins should all be evenly spaced (i.e., arithmet-
ically spaced), Scott (15) proposed using the t-distribution 
as a reference density to change the normal rule when the 
data are skewed or heavily tailed. Scott’s work derived both a 
skewness factor and a kurtosis factor by which either Scott’s 
rule or the Freedman-Diaconis rule should be multiplied.

Derivation
In an arithmetic progression, the number of bins, k, should 
be related to the range of the data (b-a) and the minimum 
bin width, h (see Equation 6). 

h

ab
k =  

 [Eq. 6] 

Furthermore, the area, A, can be calculated as a Riemann 
sum over the range, b-a, assuming the frequency at each 
point to be y

i
 as shown in Equation 7.

=

=
b

ai

ihyA
  

 [Eq. 7]

In a geometric progression, which may be used to describe 
a lognormal distribution, the area also can be calculated as a 
Riemann sum if c

b
 is the binning constant used to construct 

the geometric progression of the x-axis (see Equation 8).

=

=
b

ai

bi cyA ln
 

 [Eq. 8] 

Thus, the width of the first bin, which is also the width 
of the smallest bin, h, is a function of the binning constant 
and the starting value, a (see Equation 9).

)1(= bcah  

 [Eq. 9] 

In statistics, a rearrangement of the t-test yields Equation 10 
in which the minimum number of samples, n, is a function 
of the statistical confidence level, z

α/2
, the standard devia-

tion, σ, and the margin of error, ω. The margin of error also 
can be thought of as the smallest difference in measure-
ments that is considered real or the maximum difference 
between the observed sample mean and the value of the 
population mean. At the 95% confidence level, if one as-
sumes n to be sufficiently large, then z

α/2
 = 1.96.

2

2z
n

 [Eq. 10]

Substitute h for ω as in Equation 11:

( )

2

2

1bca

z
n

 [Eq. 11]

Solve for c
b
 (see Equation 12):

1
96.1

+
na

cb  

 [Eq. 12]

To solve for the number of bins, k, the range of values, b-a, 
can be expressed as a sum of all the individual bin widths, 
as shown in Equation 13.

( ) ( )abacac
k
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b

i

b =
=1

1
 

 [Eq. 13]

Thus, in solving for k (Equations 14 and 15),

( )
a

ab
c kb += 1

 [Eq. 14]
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Results and discussion
The feasibility of this process, which uses Equations 12 and 15, 
was initially applied to data from a static image analysis 

system(Malvern Morphologi G3). If successful, future in-
vestigations may find the applicability to other technologies 
and instrumentation. Two sets of data, one representing the 
analysis of a reference standard and the other representing an 
example sample, were chosen. The example sample or “real-
world” sample was chosen because the plot of the data on a 
linear-linear scale was obviously lognormal in shape.  The 
reference standard data were exported to Microsoft Excel, and 
the descriptive statistics were completed as given in Table I.

Using Equation 15, assuming the 95% confidence level, the 
number of bins, k = 108. The range was increased 10% above 
and below the maximum and minimum, respectively, so the 
data would not exceed the minimum and maximum bin sizes. 
Thus, a set of geometrically spaced bins was created with a 
minimum value of 5.679 μm, using 108 bins, to a maximum 
bin size of 160.089 μm. This was done using a geometric mul-
tiplier, c

b
, of 1.031399 as calculated using Equation 12.

By comparison, a density histogram was also created 
using the data and the default bin choices: 1000 bins cover-
ing a range from 0.5 μ to 1000 μm. This was done using a 
geometric multiplier of 1.007638. The corresponding plots 
were overlaid in Figure 1. As displayed in Figure 1, the over-
all shape of the distribution using the default or original 
bins was a distribution with a mode around 40 μm and a 
shoulder with a mode around 70 μm. The distribution, on a 
semi-log scale, did appear to have a fair degree of fronting or 
positive skewness. The distribution also may be described as 
jagged or non-smooth. The distribution using the proposed 
re-binning parameters was nearly identical to the original 
plot but may be described as less jagged or smoother.

One possible measurement of smoothness is the sec-
ond derivative of the data. The magnitude of the second 
derivative is proportional to the smoothness of the data. 
As shown in Table II, the mean absolute value of the second 
derivative of the originally binned data was 30.95. By com-
parison, the mean absolute value of the second derivative 
of the proposed binned data was 2.96, which was a ratio of 
10.45. There appeared to be a small bias of the mean in both 
the originally binned data and the proposed data of 1.41% 
and 2.72%, respectively. This was to be expected and was in 
line with theoretical errors associated with most approxi-
mation methods (e.g., Simpson’s method, Riemann sums, 
Trapezoidal method, etc.) (18).  For both sets of binned data, 
the standard deviation was biased low (underestimated) by 
approximately 19.2% and 17.6%, respectively. This was a 
considerable magnitude but was most likely explained by 
outliers in the raw data that may be lost in the averaging and 
smoothing processes associated with binning.

The example sample data were exported to Excel and the 
descriptive statistics were completed as given in Table III. 
Again, using Equation 15, assuming the 95% confidence level, 
the number of bins, k = 32. The range was increased 10% 
above and below the maximum and minimum, respectively, 
so the data would not exceed the minimum and maximum 
bin sizes. A
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Table I: Descriptive statistics for the reference standard.

Descriptor Value

Mean 41.29

Standard deviation 15.76

Range 139.20

Maximum 145.51

Minimum 6.31

Count 30000

Table II: Calculated statistics for the reference standard.

Raw 

data

Histogram 

data using 

original 

bins

Histogram data using 

proposed bins

Mean 41.29 41.87 42.41

Standard 

deviation

15.76 12.74 12.98

Mean d2y/dx2 n/a 30.95 2.96

Table III: Descriptive statistics for the example sample.

Descriptor Value

Mean 4.55

Standard deviation 3.77

Range 32.56

Maximum 34.10

Minimum 1.54

Count 2373

Figure 1: Binning effects on a reference standard.
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Thus, a set of geometrically spaced bins was created 
with a minimum value of 1.38 μm, using 32 bins, with a 
maximum bin size of 38.52 μm. This was accomplished 
using a geometric multiplier, cb, of 1.109637 as calculated 
using Equation 12.

By comparison, a density histogram also was created 
using the data and the default bin choices: 1000 bins 
covering a range from 0.5 μm to 1000 μm. This was ac-
complished using a geometric multiplier of 1.007638. The 
corresponding plots were overlaid in Figure 2.

As displayed in Figure 2, the overall shape of the distri-
bution using the default or original bins was a monomodal 
distribution with a mode around 2.5 μm. The distribution, 
on a semi-log scale, did appear to have a significant degree 
of tailing or negative skewness. This negative skewness 
was obvious even in the semi-log plot presented as Figure 2. 
The distribution also may be described as jagged or non-
smooth. The distribution using the proposed re-binning 
parameters had the same general shape, but the mode was 
around 3.0 μm, and it was much smoother. 

As shown in Table IV, the mean absolute value of the sec-
ond derivative of the originally binned data was 4058.29. 
By comparison, the mean absolute value of the second de-
rivative of the proposed binned data was 73.57, which was 
a ratio of 55.2. There appeared to be a significant bias of 
the mean in both the originally binned data and the pro-
posed data of 32.5% and 28.5%, respectively. For both sets 
of binned data, the standard deviation was biased rather 
low (underestimated) by approximately 81.6%. This was a 
considerable magnitude, but was likely attributable to the 
extreme jaggedness of the originally binned data and the 
degree of skewness of the distribution.

To test the hypothesis whether the new binning technique 
would decrease the probability of overbinning in which the 
bins are separated by more resolution than the instrument is 
capable, a random set of data (n =10,000) was generated such 
that all data points were a factor of 0.5 μm or n*0.5 μm apart 
where n is an integer. The randomly generated distribution 
had a mean of 32 μm and a standard deviation of 2 μm. The 
concept of the smallest change that is considered real, ω, 
was introduced with Equation 10. In the case of the Malvern 
Morphologi G3, ω is approximately 0.5 μm due to limitations 
imposed by optical microscopy (19).

The original number of 1000 bins was used with a mini-
mum size of 0.5 μm and a maximum size of 1000 μm with 
a c

b
 = 1.007638. The difference between the bins closest to 

32 μm was found to be 32.103 μm - 31.860 μm = 0.243 μm, 
which was less than ω for the Malvern Morphologi G3. 

By comparison, using Equation 15, assuming the 95% 
confidence level, the number of bins, k = 22. Thus, a set 
of geometrically spaced bins was created with a minimum 
value of 22.95 μm, using 22 bins. This was done using 
a geometric multiplier, c

b
, of 1.03209 as calculated using 

Equation 12. Using this modified binning scheme, the 
difference between the bins closest to 32 μm was found 

to be 32.48433 μm - 31.47433 μm = 1.009997 μm, which 
was greater than ω for the Malvern Morphologi G3.

The distribution of the randomly generated numbers 
was then plotted in Excel. When using the traditional bin-
ning parameters, the 10,000 data points fell into several 
discontinuous bins as shown in Figure 3. Again, this is to be 
expected because the bin width was less than the resolu-
tion of the data, 0.5 μm. By comparison, the 10,000 data 
points fell within several continuous bins when the bin 

Figure 2: Binning effects on the example sample.

Figure 3: Random data binned with the traditional spacing.

Table IV: Calculated statistics for the example sample.

Raw 

data

Histogram 

data using 

original 

bins

Histogram data using 

proposed bins

Mean 4.55 3.07 3.25

Standard 

deviation

3.77 0.66 0.73

Mean d2y/dx2 n/a 4,058.29 73.57
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width was set using the proposed algorithms as shown in 
Figure 4, which is to be expected since the bin width was 
greater than the resolution of the data.

Conclusion
This original work and derivation yielded two equations 
of note, one for the binning constant, c

b
, (Equation 12) and 

one for the number of bins, k (Equation 15). With these 
equations, a histogram may be constructed that has mini-
mal effect on the accuracy and peak width compared to 
the default process. 

The histogram generated with these equations will be 
continuous, thus, can be treated using normal statistical 
models, software, and processes.

A histogram generated using these equations will also 
have the statistically maximum resolution allowed given 
the instrument, software, and underlying scientific prin-
ciples. Thus, the technology will be optimized to yield the 
most resolute data, which is a primary importance for a 
particle counter. 

It is possible given certain applications that this in-
crease in resolution may allow the instrument to be used 
to resolve monomers, dimers, trimers, etc., intact particles 
from fractured particles, partially milled lots from fully 
milled lots, etc.

In the example given, these algorithms led to a continu-
ous distribution (Figure 4) rather than the original discon-
tinuous distribution (Figure 3).

Once proven, typical statistical treatments could be 
used to calculate values (e.g., mean, median, mode, stan-
dard deviation, variance, standard error, skewness, kur-
tosis, etc.) as well as derived values from the integral or 
cumulative distribution plot. Furthermore, the resolution 
was optimized in such a way the minimum bin size was a 
scientifically supportable 0.975 μm rather than 0.243 μm. 

If this had been a real-world sample, there could exist the 
situation where a population with a mean diameter near 

1 μm should be contained within two or three bins, de-
pending on the standard deviation of the distribution. 
Given the optimal bin spacing of 0.975 μm, this would 
most likely be the case. 

If the traditional spacing were used, it is quite pos-
sible the same population would have been “resolved” 
into several discrete peaks, suggesting the sample were a 
mixture of several very narrowly distributed populations. 
The problem with this is the peaks would be considered 
independent populations even though the instrument is 
incapable of that level of resolution. 

A more statistical way to state this is the null hypoth-
esis that the distribution came from the same popula-
tion would be incorrectly determined to be false. This is 
known as a false negative result, also known as type II or 
β-error.  Through use of the derived equations, the prob-
ability of a type II error is minimized while maximizing 
the system resolution.
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Product and process understanding 

can be updated with the knowledge 

gained over the product lifecycle.  A 

greater understanding of the product 

and its manufacturing process can 

create a basis for flexible regulatory 

approaches” (1).

QbD has been the industry focus 

because it offers the benefits of 

gaining greater product and process 

knowledge and understanding to all 

vested pharmaceutical development, 

manufacturing, quality, and 

regulatory groups. Knowledge-based 

decisions offer improved processes 

through systematic approaches and 

continuous improvement. Some of 

the benefits of a greater product and 

process understanding are greater 

product value, efficient and effective 

control programmes, flexible 

regulatory approaches, fewer batch 

failures, and in the end, a greater 

return on investment and profitability. 

Other benefits a company 

could realize are a decrease 

in post-approval submissions, 

proficient technology transfer to 

manufacturing, enhanced regulator 

confidence of robust processes, 

which result in reduced time to 

market, improved yields, lower cost, 

fewer investigations, increased 

drug availability, fewer recalls, 

and most importantly, consumer 

confidence (See Table I).  QbD 

allows for first-time-right and lean 

assets management by using the risk 

perceptions. Thorough, proactive, and 

beneficial QbD begins with properly 

identifying TPPs. 

Identifying TPPs
From drug discovery, prior to and 

during development, TPPs are 

identified based on perceived 

attributes of the finished product. 

TPPs should be reexamined as 

new information and data become 

available.  The basis for TPPs and 

resulting CQAs should be those 

that ensure a product is suitable 

for its intended use. For lyophilized 

parenteral products design, there 

are unique therapeutic regimens, 

inherent product requirements, and 

manufacturability of processing 

methods that are important to 

consider for product design criteria. 

Some of the aspects that need to be 

addressed are as follows.

Target product profiles (TPPs), also referred to as quality target 

product profiles (QTPPs), are a summary of the proposed design 

attributes and characteristics of a finished drug product. TPPs are 

useful tools that assist in the fundamental principles of quality by 

design (QbD). TPPs are dynamic; they provide an initial introduction 

to the anticipated attributes inproduct design, to be further redefined 

as new knowledge is gained over the product lifecycle. As a method 

providing further focus on product attributes and to aid in the 

development process, potential critical quality attributes (CQAs) can 

be derived from the TPPs. As stated in the Guidance for Industry, 

Q8 (R2) Pharmaceutical Development, “CQAs are physical, chemical, 

biological, and microbiological properties or characteristics that 

should be within a certain specified range to ensure finished product 

quality” (1). 

Throughout pharmaceutical development, the focus remains on 

establishing the CQAs.  Initially identifying the desirable and essential 

CQAs, these and additional potential CQAs are modified and refined 

as knowledge increases through the development pathway. Many, 

if not all, of the developed CQAs become the basis of the final TPP. 

Essential CQAs become the final product release specifications 

(See Figure 1).  The TPPs and CQAs result from enhanced product 

knowledge and, as such, aid in discussions with drug discovery, 

product development teams, clinical groups, manufacturing groups, 

as well as regulatory authorities. This knowledge allows for the further 

pursuit of improvements through QbD and risk-based decisions, along 

with product and process improvements. Per Q8, “Such a systematic 

approach can enhance the process to achieve quality and help 

regulators to better understand a company’s strategy.  

Denise L. Miller is 

document control specialist; 

Carrie A. Shults 

is associate director, 

Development Sciences; and 

Edward H. Trappler 

is president—all at 

Lyophilization Technology, 

Inc.

Quality by design highlights product and process understanding and control, 

integrating quality risk management, and is also considered a quality system

for managing a product’s lifecycle.

Identifying TPPs and 
CQAs for a Lyophilized 
Parenteral Product
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Therapeutic regimen. Consider 

the frequency of administration. 

Is a multi-dose vial appropriate? 

The course of therapy should be 

addressed. Over what time period 

is this given? Does the product have 

adequate stability to support hold 

time in the constituted state?  

The route of administration should 

also be considered. Will it be given 

intra-muscular (IM), subcutaneous 

(SubQ), intravenous (IV), peripherally 

inserted central catheter (PICC), or 

central line? What is required for 

the route of administration? What 

is the appropriate pH or isotonicity? 

What are the maximum volume 

allotments? For example, higher 

concentrations of citrate buffer can 

cause irritation at the injection site; 

tonicity and a high volume SubQ can 

cause pain or irritation at the site. 

Also consider if the therapy is or can 

be co-administered. Will there be 

compatibility with the equipment 

required such as needles or tubing?

Patient population and end 

user. Characteristics of the patient 

population should be determined. Is this 

a paediatric, adult, or geriatric patient? 

Are there excipient considerations 

for this population such as limiting 

L-Arginine use in paediatrics or sugar 

content for people with diabetes. For 

example, there are preferred excipients 

for lyophilized products. 

Consider the disease state or 

health conditions of the patients. Are 

the patients immuno-compromised? 

Are there contraindications for 

excipients? The type of end 

user should also be taken into 

consideration. Is the product to be 

used by the patient at home and/

or be self-administered, if so, is the 

device capable of being self-injected? 

Is the end user a hospital, clinic, or 

IV therapy parlor? If administered 

in a pharmacy setting, is a multi-

dose vial preferred? Will the product 

be used for emergency medicine, 

such as EMT, military, or remote 

environment? Will it require quick 

reconstitution and injection? Also, is 

end-user compliance required and are 

steps limited for ease of use?

Inherent product requirements. 

The following product requirements 

should be considered:

• Chemical/biochemical 

stabilization

 • Hydrolysis

 • Deamidation

 • Decarboxylation

• Physical stabilization

 • Polymerization

 • Aggregation

• Protective agents

 • Light

 • Oxygen

 • Heavy metals

• Stability under various conditions

 • Bulk solution

 • Dried product for storage

 • Constituted solution.

Manufacturability of processing 

methods.  The following processing 

methods should be considered:

• Bulk solution characteristics

• Solution sensitivities

• Fill volume

• Stability profile.

Identifying CQAs
CQAs are identified by quality risk 

management and experimentation 

to determine the effect of variation 

on product quality. Initial CQAs are 

refined as knowledge increases 

through the development pathway. 

Once identified, CQAs then need 

to be prioritized as essential or 

desirable through risk-based analysis 

to form a hierarchy of relative 

importance. Through pharmaceutical 

development and with a clinical-use 

Quality

Figure 1: The progression through the steps in establishing 

finished product specifications based on essential and desired 

critical quality attributes (CQAs) from defined target product 

profiles (TPPs). It is meant as a starting point, to bring focus to 

establishing TPPs early in development, and will be unique for 

each product.

 Table I: Benefits of target product profiles (TPPs).

Benefits of TPPs

Clearer vision of the product More regulator confidence of 

robust products

Better understanding of the 

process

More drug availability with less 

recall

Efficient and effective control 

programme

Improved yields

Flexible regulatory approaches Reduced time to market

Unit cost savings Fewer investigations

Decrease of post-approval 

submissions

Fewer batch failures

Proficient technology transfer to 

manufacturing

Lean asset management by using 

the risk perceptions
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perspective, the focus needs to 

remain on the essential CQAs.  As 

the drug presentation progresses 

through pre-clinical development, 

laboratory and pre-clinical studies 

yield further insight into the 

achievable CQAs. These studies, as 

well as subsequent human clinical 

studies, aid in identifying CQAs as 

essential versus desirable, and the 

product knowledge base becomes 

greater. Drug product design 

warrants continued assessment 

and development of essential CQAs 

before the product moves from 

pre-clinical development and first-

in-human clinical studies to Phase 

II clinical studies, and ultimately, 

commercialization. 

Typical CQAs for solid dosage 

forms are aspects affecting purity, 

strength, stability, and bioavailability. 

For in-process controls and CQAs 

of lyophilized parenteral products, 

purity of the bulk solution when 

dealing with assay or absence of 

degradation could be defined by a 

product’s storage conditions or time. 

Another aspect of in-process bulk 

solution purity is microbiological 

and endotoxin, which limits are 

discussed within the United 

States Pharmacopeia (USP) <61>, 

Microbiological Examination of 

Nonsterile Products, USP <71> 

Sterility Testing, and USP <85> 

Bacterial Endotoxins Test (2, 3, 4). 

Strength needs to be considered 

as well as stability. CQAs specific 

to parenteral products include 

microbial aspects of sterility and 

endotoxin, physical properties of a 

parenteral product including both 

intrinsic and extrinsic particulates, 

chemical or biochemical aspects 

of assay and purity, as well as 

attributes of a lyophilized product of 

complete dissolution. Reconstitution 

time for complete dissolution of the 

dried product is also considered 

a CQA. The criticality of the 

reconstitution time may, however, 

be different and dictated by the 

clinical use aspects. For example, 

the reconstitution time for a 

product on an ER “crash cart” may 

be more critical than an antibiotic 

for prophylactic pre-surgery, 

reconstituted in a hospital pharmacy 

for administration the next day.  

Stability entails conditions as a 

bulk solution, in the dried state during 

storage, as well as the constituted 

finished product. The ability to 

handle temperature excursions 

during storage is also important. In 

comparison, lyophilized products 

have different CQAs than ready-

to-use parenterals. These additional 

finished product attributes are either 

direct or contributory.  They include 

reconstitution time and volume and 

finished product testing in both the 

dried and constituted state.  As an 

example, the product needs stability 

data and assay; these would be 

direct.  However, they would be 

impacted by residual moisture, which 

would be contributory.

CQAs direct product in process and 

final product release specifications 

(See Table II).  Specifically, for 

lyophilized parenteral products, 

reconstitution with a proper diluent 

and storage of the constituted 

solution can be extremely important 

if the product degrades quickly 

upon reconstitution. In any case, 

Quality
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there needs to be an evaluation 

and an expiry for the product in a 

constituted state.  As noted earlier, 

there may also be conditions that 

require a quick reconstitution such 

as a product on an emergency 

“crash cart.” As well, the product 

presentation, such as products in 

cartridges and syringes for a self-

administered product, reconstitution 

time becomes paramount.  Additional 

considerations should include 

excipient selection, excipient 

interactions, and container closure 

selection, to name a few. 

Final commercial product profiles 

are instituted by the CQAs that direct 

targeted in-process assessments and 

final product release specifications. 

Assessing quality aspects for 

in-process measurements may utilize 

basic methods such as solution 

clarity, pH, and simple analytics such 

as UV/Vis for verifying concentration. 

Verifying the quality attributes of 

finish product entails a greater 

number of assessments using more 

sophisticated and both qualitative 

and quantitative methods. These 

can span simple tests such as pH, 

simple weights and measures such 

as content uniformity and deliverable 

volume, and dissolution, to higher 

level analytical methods such as 

sub-visible particles and stability 

indicating chemical and biochemical 

assays. In addition, sterile parenteral 

products, including those lyophilized, 

need to demonstrate they are 

free of microorganisms and have 

established endotoxin limits (5).

CQAs also need to be assessed 

and verified during the approved 

storage duration, up to and including 

the products expiry date. These 

specifications encompass all the 

same product attributes at the time 

of the batch release, including the 

absence of degradation products.  

It is also imperative to include not 

only the assay and purity upon 

initial reconstitution but also after 

the allowed storage interval for the 

constituted solution.

Manufacturing 
considerations
However, it is not only the physical 

product end-result that should 

be considered when reviewing 

TPPs and CQAs. Manufacturability 

considerations are paramount when 

a product progresses through design 

and development, to clinical, and 

ultimately commercial manufacturing. 

These considerations encompass 

processing time and compatibility 

of materials and the process 

capability within the intended 

manufacturing operation.  Container 

closure selection also continues to 

be a focus, as batch size and yield 

in manufacturing, and space for 

distribution and storage at the final 

destination, are influenced by the 

packaging selected (6).

As product and process 

knowledge are gained and added 

into the dynamic TPP, the wealth 

of knowledge becomes a source 

of effective communication for 

technology transfer.  The data can 

also be utilized in decision making, 

risk assessment, communications 

with US Food and Drug Administration 

and sponsors, and in process 

validation. It lends to continual 

process improvements and control 

strategies as the product evolves to 

realization. It is an effective tool to 

streamline activities and manage risks 

starting with the end goal in mind.

Conclusion
In summary, establishing CQAs 

from TPPs for quality attributes of 

a parenteral product is an ongoing 

process that should originate during 

development and follow throughout 

the product lifecycle.  This is an 

essential application of QbD principles 

and parallels those reflected in Q8 

(R2) (1).  This ever-evolving profile, 

when started early on in development 

with intended product attributes 

in focus, allows for increased 

understanding, communication, and 

quality.  Among the benefits are a 

clear direction during development, 

improved processes, increased 

regulatory flexibility, and cost 

reduction.  The result is a greater 

level of assurance that a product 

is suitable for its intended use and 

meets the needs and expectations of 

the end user.
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 Table II: Release specifications. USP is United States Pharmacopeia.

Release specification considerations

Microbiological Sterility USP <71>

Endotoxin USP <85>

Assay Identity

Potency (Stability indicating)

Content 

Uniformity

Deliverable contents per vial USP <697>

Uniformity USP <905>

Stability Residual moisture USP <921>

Appearance Constituted  solution being “essentially free of visible 

particles” USP <1>

Complete dissolution USP <1> which is determined by 

reconstitution time

No intrinsic or extrinsic particulate matter USP <788>
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and syringe components, have been 

found to shed during shipping and 

storage (1,2). Additionally, agitation 

during shipping, dropping the syringe 

or vial, or sending the intravenous (IV) 

bladder through a pneumatic tube 

(common in many hospitals) can result 

in fluid flows and cavitation, which 

can initiate particle formation/protein 

aggregation. Exposure to light can 

cause protein degradation. Extreme 

temperature changes and accidental 

freeze/thaw cycles can induce particle 

formation and/or protein aggregation, 

and improper IV dilution can cause 

particle formation. Research has 

shown that nanoparticles can serve 

as nucleation points for protein 

agglomeration when exposed to 

mechanical stresses, such as agitation 

during filling pump operation, and 

can result in a therapeutic unsafe for 

patient use (3,4). 

Regular analysis throughout the 

manufacturing process can determine 

the point at which SVP form or are 

introduced, and analysis following 

post-fill operations can verify the 

quality of the product administered to 

the patient. Flow imaging microscopy 

enables the user to analyze the 

morphology of the particulate load, 

identify the SVP and their likely 

source, and remediate the issue.

For example, a monoclonal antibody 

from a well-known drug manufacturer 

was forming visible particles during 

the final filling operation. Using flow 

imaging microscopy, the manufacturer 

identified that metal shards were 

being introduced to the product 

during filling operations. They linked 

the steel shard shedding to one 

pump in particular. The ability to see 

morphological characteristics enabled 

the manufacturer to identify the 

particle, target its source, and resolve 

the problem.

In addition to analyzing SVP during 

manufacturing and post-manufacturing 

operations, the manufacturer would 

also need to perform particle analysis 

following a recall. 

Currently, USP requires that the 

product meet the particle size and 

count requirements using light 

obscuration (LO) or membrane 

microscopy as means of particle 

analysis. While both methods are 

acceptable, LO is the most commonly 

Subvisible particles (SVP) are a concern for biologic-based drugs. 

Some technologies can detect but not identify particles. “Knowing 

that subvisible particles are present—without seeing what they 

are—can only take you so far. Without an image of the impurity, it 

may be difficult to figure out where the problem originates,” notes 

Kent Peterson, CEO of Fluid Imaging Technologies. Pharmaceutical 

Technology Europe spoke with Peterson about using imaging to 

identify subvisible particles in parenterals.  

Analyzing SVP
PTE: In what situations in bio/pharma manufacturing would a 

manufacturer need to perform imaging for SVP?

Peterson (Fluid Imaging Technologies): SVP are either foreign 

contaminants or undesirable byproducts of the therapeutic molecules, 

and they may cause adverse effects and compromise patient safety. 

SVP can cause immunogenicity, and a SVP count that exceeds the 

parameters set by the United States Pharmacopeia (USP) can cause 

capillary occlusion. 

Biopharma companies analyze their product from formulation 

development all the way to patient administration. Formulation 

scientists can use the imaging capabilities of flow imaging microscopy 

to study the behaviour, including stability and compatibility, of the 

therapeutic formulations. 

SVP may form or be introduced into the formulation at any point 

during manufacturing or post-manufacturing operations. Research has 

shown that equipment used during manufacturing, including filters, 

filling pumps, and tubing, can shed foreign particles into the product. 

Additionally, particles have been found to form resulting from physical 

stresses during post-filling operations. Storage containers, such as vials 

Jennifer Markarian
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Identifying 
Contamination: 

Subvisible 
Particle Imaging
Flow imaging microscopy can be used to identify 

particulates and their sources.
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used method for its rapid results and 

ease of use, compared to standard 

membrane microscopy. However, LO 

does not capture, detect, or report 

on particle morphology other than 

particle size. It also often fails to detect 

small particles. Although particle size 

and count, as provided by LO, are 

important parameters to measure, 

subtle morphological cues can be 

used to identify the source of the SVP 

and determine whether it is intrinsic, 

extrinsic, or inherent based on its 

identity, and from there determine the 

point in the process it was introduced.  

Regulations
PTE: What are the current industry 

regulations and how can this technique 

be used to comply with them?

Peterson (Fluid Imaging 

Technologies): Industry regulations 

for protein therapeutics continue 

to be modified and adapted as our 

understanding of proteins and our 

detection technology advances. 

When USP <788> was published, it 

required only the enumeration of 

particles greater than or equal to 10 

μm and greater than or equal to 25 

μm using LO or standard membrane 

microscopy (5). Since the publication of 

USP <788>, however, technology has 

advanced, and our understanding of 

proteinaceous particles has deepened. 

USP <787> was later published to 

serve as a complementary regulation 

to USP <788>, allowing smaller sample 

volumes to be used for analysis (6). 

USP <1787> considers our current 

understanding of particles in protein 

therapeutics, the dangers of foreign 

particles and poor characterization, 

and the inadequacies of using LO as 

the only characterization method 

(7). LO only provides particle count 

and size distribution. It is unable to 

identify the particle and determine 

whether it is extrinsic, intrinsic, or 

inherent. Therefore, USP <1787> 

recommends alternative methods, 

including flow imaging microscopy, 

for improved particle characterization 

and identification of foreign 

contaminants in effort to improve 

product safety.

While LO or standard membrane 

microscopy analyses are required 

per USP regulations, flow imaging 

microscopy is recommended as an 

additional, orthogonal analysis for 

method verification and enhanced 

particle characterization. Particle 

morphology, captured by images, can 

be used to determine whether the 

SVP is inherent, intrinsic, or extrinsic; 

identify its source; and remediate 

and refine manufacturing and post-

manufacturing operations. 

Dynamic imaging
PTE: How does dynamic imaging 

particle analysis allow identification 

of subvisible particles?

Peterson (Fluid Imaging 

Technologies): Flow imaging 

microscopy images and analyzes 

particles ranging in size from 300 

nm to 100+ μm suspended in a 

fluid in real-time. A liquid sample is 

introduced into the instrument and 

pulled through the flow cell using 

a micro-syringe pump. Objectives 

of varying magnifications can be 

installed to optimize imaging particles 

of various sizes. The flow cell is 

positioned between the camera and 

the illumination source. A strobe 

illumination is used to ‘freeze’ the 

moving particles in space and capture 

a clear image of each particle as the 

sample travels through the flow cell. 

As the images are captured, intelligent 

analysis software enumerates 

particles, analyzes the particulate 

populations, and measures over 40 

different physical parameters from 

each particle image. Such parameters 

include length, width, area, diameter, 

circularity (Hu), elongation, convexity, 

and many more.

Software filters based on 

morphological measurements can be 

built and used to distinguish between 

particle types (such as silicone oil 

droplets, bubbles, protein aggregates, 

glass shards) and enable analysis of 

each subpopulation. Size bins can be 

created to analyze particles in specified 

size ranges, such as the recommended 

2–10 μm, and the required greater 

than or equal to 10 μm and greater 

than or equal to 25 μm. These images 

are then visually inspected by the 

user to identify the likely origin of the 

particle. Each particle image is saved 

to a user-built reference library and 

used to improve the software’s pattern 

recognition algorithms and improve 

particle identification.

All particle types within the size 

range of 300 nm to 100+ μm can 

be analyzed using flow imaging 

microscopy. Unlike LO, flow imaging 

microscopy’s unique light and dark 

thresholding technology ensures that 

particles are detected, imaged, and 

analyzed, regardless of their opacity. 

Light obscuration instruments rely on 

the opacity of the particle to generate 

a shadow. The shadow produces a 

signal, correlated to the size of the 

shadow, from which particle size is 

inferred. Therefore, if the particle and 

its fluid medium have low contrast, 

the particles will not produce a strong 

enough shadow to be detected. This 

is particularly common with protein 

aggregates, which are transparent 

to semi-transparent in nature. 

Therefore, protein aggregates, due to 

their transparent nature, often fail to 

be accurately analyzed and even go 

undetected when analyzed using LO 

instruments. 

Until recently, flow imaging 

microscopy could only analyze 

particles as small as 2 μm. The 

combination of a blue LED light and 

patented oil immersion technology of 

Fluid Imaging Technologies’ FlowCam 

Nano, released in August 2017, has 

improved the resolving capabilities 

of the technology, and now particles 

as small as 300 nm can be analyzed 

using flow imaging microscopy.
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The survey was open to PDA 

members with subject-matter 

expertise in PUPSIT and who held 

a manager-level position in biologic 

process development, manufacturing, 

validation, and/or quality. 

Survey results
From the survey results, there 

seemed to be broad agreement 

on when and how to apply PUPSIT. 

Additionally, the results showed 

that companies performed PUPSIT 

commensurately as the development 

stage of the product in question 

progressed. PUPSIT was included in 

the pre-clinical material processes 

of about half the respondents, with 

an increase to 100% adherence 

to PUPSIT requirements through 

development Stages 1, 2, 3, and 

finally commercial manufacturing. 

While the respondents had the option 

to select either “Yes (always)” or 

“Yes (with exceptions)” as answers 

(wherein the combined Yes responses 

totaled 100%), Yes (with exceptions) 

outweighed Yes (always) by at least 

2-to-1 in all cases.

The rationale behind the responses 

provided by the survey participants 

explained why some perform PUPSIT 

“with exceptions” rather than 

always. Members reported that some 

manufacturing sites use gamma-

irradiated filters, and typically PUPSIT 

is not performed on this type of pre-

sterilized filter.  Other manufacturer 

sites determined via risk-assessment 

that performing PUPSIT created more 

risk than benefit to the process and 

end-product.  A few respondents 

cited the issue wherein older facilities 

perform the integrity test off-line 

and do not have the capability of 

performing the integrity test in-line/in 

situ as required by PUPSIT.

Regardless of whether the 

participating companies performed 

PUPSIT always or with exceptions, 

there was 100% agreement from 

survey respondents that the ultimate 

decision of whether to perform 

PUPSIT should be left up to the end 

user. The reasoning behind this was 

that all respondents confirmed that 

the outcome of their company’s 

risk assessments regarding the 

implementation of PUPSIT resulted in 

greater risk to product sterility. This 

Performance of a pre-use, post-sterilization integrity test (PUPSIT) 

is required by Section 113 of Annex 1 of Volume 4 of the EU GMPs 

and applies to the filtration of sterile medicinal products that cannot 

be sterilized in their final container (1). Sec. 113 states, “The integrity 

of the sterilized filter should be verified before use.” As written, the 

guidance indicates that integrity of the filters in question should be 

determined after sterilization but before use. One main argument 

made by the regulators in support of PUPSIT is the potential for the 

“blinding” of a flaw. The concern is that the presence of a flaw (i.e., 

one that compromised the functionality of the filter) would be hidden 

in post-use testing because product would have adhered to the 

breach and restored sterile filtration capability by blocking that route 

of egress/product flow, but not before potential contaminates could 

pass through.

Historically, however, many manufacturers of sterile medical 

products have justified not performing PUPSIT on the final product-

sterilizing filter based on a patient-focused risk analysis. In these 

instances, it was determined that the risk of foregoing PUPSIT was 

less than the risk of negatively impacting the sterile filter performance 

via the integrity test. Following increased enforcement of Section 113 

of Annex 1 by European regulatory agencies, manufacturers of sterile 

medical products are finding they must modify their manufacturing 

processes to incorporate PUPSIT and/or that they are not able to 

justify exclusion of PUPSIT on risk-based principles. 

In response to member concerns, the Parenteral Drug Association 

(PDA) conducted a survey in March 2017 (2) to better understand 

the current state of sterile filtration operational practices and the 

implementation of PUPSIT among large pharmaceutical companies. 

Josh Eaton is senior 

project manager for 

Scientific and Regulatory 

Affairs at the Parenteral 

Drug Association, 

eaton@pda.org.

Industry Perspectives 
and Practices on PUPSIT
PDA reviews an industry survey of concerns and best practices

regarding the EU GMP’s required test for filters used in sterile filtration.
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was accompanied by the assertion 

that the manufacturers understand 

their processes and products best 

and are hence the appropriate judge 

of how to reliably assure product 

quality and patient safety.  

Table I from a PDA Pre-use/

Post-sterilization Integrity Test Task 

Force commentary published in 2012 

outlines a typical risk assessment 

regarding PUPSIT integration into 

manufacturing processes (3). 

The risk level was determined by 

multiplying the severity, frequency, 

and detection risk values together 

(higher numbers denote more risk). 

The analysis by the task force reflects 

the experiences and concerns of the 

survey participants and clearly shows 

the anticipated results if PUPSIT is 

introduced into a validated, well-

controlled process.

In addition to the concerns 

regarding the integrity of the filter 

being compromised by PUPSIT 

itself, the survey also shed light on 

concerns regarding the mechanics 

performing PUPSIT in alignment 

with regulatory expectations. 

Although both diffusion/forward 

flow and bubble-point test methods 

were successfully employed by the 

respondents, concerns were shared 

regarding sufficiently wetting the 

filters prior to testing. Two main 

concerns were that the wetting 

fluid (product buffer or water) 

potentially dilutes the product and 

that single-use technologies make 

the required downstream volume of 

wetting fluid difficult to attain. One 

company reported that they had 

products where it appeared that 

the product-wetted bubble-point 

value was too high. However, when 

the filter was flushed with water 

and retested with the water bubble 

point, the filter was shown to be not 

compromised.

In summary, the survey points to 

a general trend of manufacturers 

relying on effective risk analysis to 

determine when and how PUPSIT 

should be incorporated into their 

manufacturing processes. Although 

the PUPSIT requirement will be 

enforced for the time being, it is the 

intent of the industry to eventually 

effect science-based changes to 

strict application of the practice. PDA 

and its members are working toward 

this end through open dialogue and 

sharing of information in the form of 

surveys such as the 2017 PDA PUPSIT 

Survey as well as public commentary 

and future research initiatives. 
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 Table I: Pre-use/Post-sterilization Integrity Test risk assessment.

Risk category
Risk value 

w/ Test

Risk value 

w/o Test
Rationale

Severity 4 4 If the filter fails or microbial ingress happens, it has a major effect in both cases.

Frequency 3 2

Microbial ingress into the downstream side has occurred; for this reason, the 

downstream side is commonly held under pressure after steam sterilization. This 

overpressure is replaced by atmospheric pressure during the pre-use test.

Because steam-sterilized downstream processes are commonly held at overpressure, 

the likelihood of ingress is lower.

Detectability 3 1

If there is a microbial ingress due to downstream manipulation, it will not be detected 

when the test is performed.

If the filter is flawed due to the steam-sterilization process, it will be readily detected by 

the post-use test.

Risk level 36 8 Risk assessment would not recommend a pre-use/post-sterilization test.

Sterile Filtration

Automated fill/finish systems minimize human intervention

A Microcell vial filler from Vanrx Pharmasystems is a completely robotic aseptic filling 

machine, built within gloveless isolators, which performs repeatable and precise fills 

for drug development, early clinical trial supplies, and manufacturing of autologous cell 

therapies, gene therapies, immuno-oncology products, and other personalized medicines. 

A system for ready-to-use vials, cartridges, and syringes, the FlexPro50 from groninger 

USA is a modular, manual, or automated filling and closing system that minimizes 

human intervention. Additional flexibility is provided by exchangeable trolleys for 

handling vials in trays or in bulk. A direct injection system cuts decontamination cycle 

times in half. 

The FSM machine from Colanar fills, stoppers, and caps nested vials and can be 

configured with single or dual stations, which are rated at 30 vials/min each. Compatible 

with single-use bags, filters, tubing sets, and filling needles, the unit offers multiple pump 

options and positions the control cabinet in the base. With installation of change parts, the 

machine can handle syringes, cartridges, and micro-vials.

Italy’s Steriline offers a broad range of fill/finish equipment, isolators, and accessories, 

including the RTDS2 robotic tub decontaminating system. Installed as a standalone unit or 

between debagging and filling, the pulsed light sterilizer achieves a 6-log reduction and 

can decontaminate two tubs/min. It’s currently in the validation phase.

                             — Hallie Forcinio, Pharmaceutical Technology Europe’s Packaging Editor
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shows its volume of DTP shipments 

from March 2017 to 2018. 

Coordinating drug 
and lab sample deliveries
For cold-chain logistics specialists, 

the DTP model poses many additional 

challenges, especially since precision 

medicine also requires regular patient 

laboratory tests.  Scheduling lab sample 

drop-offs and pickups adds to the 

challenges of delivering patient doses.  

Other new changes stem from 

going “off the grid,” with drivers 

leaving the main highways and 

navigating local streets and locations, 

and learning how to interface most 

effectively with healthcare providers 

and patients, without compromising 

patient privacy. 

The most basic challenge, ensuring 

that treatments remain safe and 

viable, has also become more 

pronounced, since today’s clinical 

trials increasingly involve novel 

therapies such as immunogenic, cell, 

and gene therapies. 

Today, a typical pharmaceutical 

manufacturer may take a variety of 

approaches to clinical trials.  Some 

companies are working on developing 

end-to-end DTP clinical trials. In 

May 2018, exemplifying this trend, 

Science 37 and UCB Parma launched 

a partnership to use Science 37’s 

MetaSite approach and cloud-based 

Network Oriented Research Assistant 

(NORA) network to develop site-less 

clinical trials (5). 

In other cases, within the same 

trial, different approaches may 

be used with different portions 

or phases, with some being run 

traditionally, and others using the DTP 

model. However, as the DTP approach 

becomes more important to the 

industry, logistics companies are 

stepping up their services to support 

this growing business.

In March 2018, Marken, now part 

of UPS, launched a service that will 

allow nurses to drop off clinical trial 

samples from patients at any UPS 

store location. The company already 

offers DTP services in 51 countries.

World Courier, part of Amerisource-

Bergen, began to expand its 

involvement in DTP clinical trials back 

in 2012, and established a partnership 

with the Medical Research Network 

(MRN) in 2015. The alliance aims to 

Clinical trials are the proving ground for any new pharmaceutical.  On 

average, these trials take approximately seven and a half years to 

complete (1). For manufacturers, who can spend anywhere from €138 

million ($US 161 million) to €1.72 billion ($US 2 billion) to bring a new drug 

to market, the returns from investing in this important work have been 

diminishing. Patient recruitment and retention, which cost €1.97 billion 

($US 2.3 billion) per year (1), have become a major challenge. Typically, 

one out of every four patients drops out of the average clinical trial. In 

addition, problems with recruitment and retention can often result in 

longer and more expensive trials, less statistically valid results, and poor 

morale among staff and patients (2). 

As the population continues to age and pharmaceutical 

manufacturers shift their focus to chronic and degenerative disease 

research (1), resolving patient recruitment and retention problems has 

become a key priority. Seven years ago, armed with online technology, 

advances in cloud computing, and wireless communication tools, 

companies that include Pfizer and Sanofi turned the traditional clinical 

trial model on its head, bringing the trial direct to the patient (3). 

In this direct-to-patient (DTP) approach, trials follow the same 

blinded protocols, but patients receive medication in their homes, so 

they do not have to travel to medical facilities or wait for services.  For 

paediatric patients and the elderly, the convenience of DTP trials can 

determine whether they choose to remain in the study or not.

The DTP approach has also been shown to reduce overall costs.  

Research suggests that it can help reduce costs by up to 16% in Phase I 

trials, by up to 22% in Phase II, 17% in Phase III, and 13% in Phase IV (1). 

According to a 2017 survey by Arena International, DTP clinical trials 

are growing rapidly, and should increase from 24% of all clinical trials 

in 2017 to 33% by the middle of 2019 (4). Table I shows one logistics 

services provider’s top DTP destinations globally, while Figure 1 
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Meeting the 
Challenge
of Patient-

Centred 
Clinical Trials

Logistics manufacturers are adapting to 

explosive growth in the use of 

direct-to-patient clinical trials. Michael 

Sweeney, director of patient-centric 

logistics at World Courier Group, describes 

the impact that the new model is having on 

services and the industry.
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create a more highly integrated model 

for community-based clinical trials 

that increases patient recruitment 

and retention. 

The company is in the process of 

revamping its global transportation 

management system worldwide, a 

process that has involved a lot of 

localized DTP work, explains Michael 

Sweeney, senior director of patient-

centric logistics at World Courier.

Sweeney was formerly director of 

global service development, with a 

broader concentration on high touch 

personalized supply chain services, 

including cell and gene therapy. His 

role shifted to a steady focus on DTP 

a few months ago, reflecting the 

increased importance of the model 

in the industry and World Courier’s 

business plans.  Sweeney shared 

some insights into the overall market, 

and World Courier’s activities, with 

Pharmaceutical Technology Europe.

Explosive growth since 2014
PTE:  How long and how extensively 

have you been working with DTP 

clinical trials?

Sweeney: We’ve been supporting 

these types of trials for a number 

of years, but demand for DTP has 

dramatically increased since 2014. In 

fact, it more than doubled between 

2015 and 2016 alone.  

Since 2012, we have handled DTP 

shipping for 424 customers in 52 

countries involving 386 different 

trial protocols.  We also ship DTP for 

expanded access and compassionate 

use products. This means that we 

handle hundreds of DTP shipments 

weekly. There is no ‘typical’ client for 

DTP work. Customers include, not only 

traditional Big Pharma companies, 

but contract research organizations 

(CROs), clinical trial home care nursing 

firms, contract development and 

manufacturing organizations (CDMOs), 

clinical packaging service companies, 

central laboratories and small biotech 

companies.

PTE: How does the relationship 

work with home care nursing 

providers such as MRN?

Sweeney: Collaborations, like ours 

with MRN, are designed to simplify 

patient participation in clinical trials.  A 

qualified nurse visits the patient in his 

or her home and performs all medically 

necessary procedures required by 

the clinical trial, which may include 

infusion and collecting blood or urine 

samples. World Courier delivers or 

picks up related materials to and from 

the patient’s home and the clinical trial 

site. We have created detailed standard 

operating procedures to ensure 

compliance with the regulations, patient 

confidentiality, and protocol support.

PTE: What are some new 

technologies that can enable the DTP 

approach to operate most effectively?

Sweeney:  One innovation that we 

offer through our collaboration with 

our sister company, Cubixx Solutions, 

is CubixxCT, a small access-controlled 

refrigerator that stores drug products at 

an optimal 2–8 °C  temperature in the 

patient’s home. Using radiofrequency 

identification (RFID), it tracks usage, 

provides reports to researchers, 

and enables real-time temperature 

monitoring and PIN-controlled access. 

Plus, it eliminates the need for frequent 

deliveries where relevant and ensures 

the product is available when medical 

staff arrive to administer it. 

In addition, World Courier’s Bio-

STAR system provides real-time 

access to protocols and special 

handling instructions, helping to 

anticipate and prevent costly shipping 

issues problems that can come up 

during any clinical trial.  

Planning for complexity
PTE:  What are the most important 

aspects of planning a DTP clinical trial 

logistics programme?

Sweeney: The most important part 

is getting the initial plan right and 

making it broad enough.  It should 

involve everyone who will be involved 

in the project, and spell out clearly 

the scope of work, the resources 

that will be needed, when the project 

 Table I Countries where direct-to-patient efforts are most 
advanced (in alphabetical order).

Australia France Italy Sweden

Belgium Germany Netherlands Turkey

Bulgaria Hong Kong New Zealand Ukraine

Canada Hungary Poland United Kingdom

Denmark Israel Spain United States

Source: Michael Sweeney, World Courier
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Figure 1: A direct-to-patient (DTP) market snapshot, March 

2017–2018, from World Courier.

Data: April Ô17 - March Ô18 Source:  Michael Sweeney, World Courier

A Breakdown of DTP Shipments, March 2017-2018 (World Courier)
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Supply Chain

is expected to be completed, and, 

generally, ensure that everything in 

the plan ties back into (and works in) 

the real world.

Planning is extremely important in 

dealing with complexities.  In some 

cases, patients are just receiving 

medications. In other cases, their 

drawn specimens will need to be 

delivered to labs. This requires careful 

coordination and timing. 

Quality control and assurance 

are also paramount, particularly 

temperature monitoring.  Basics 

need to be established very early 

on (e.g., in case of an emergency, 

who must be informed, and is there 

a contingency plan in place if drug 

safety is compromised?)

There is also the challenge of 

randomizing the supply, interfacing 

with nurses, and handling the 

logistics of specimen testing at the 

central lab. All of these factors must 

be taken into account in the plan. 

PTE: How has the time required for 

clinical trial logistics changed under 

the DTP model?

Sweeney: We’re working on just in 

time delivery.  Now, nurses are often 

prepping patients while deliveries are 

on the way. Drug quality verification 

is extremely important, and verifying 

temperature results to ensure that 

the drug is safe before the patient 

receives it.  

PTE:  How has the approach to 

transportation management changed?

Sweeney:  We’ve been developing 

a new platform, corporate-wide, for 

some time to replace our previous 

transportation management 

programmes worldwide.  This 

platform encompasses everything 

from local DTP projects to highly 

complex international projects. 

Global DTP trials
PTE:  Do you see global clinical trials 

moving to a DTP model?  

Sweeney:  They are already being 

run that way in some cases (e.g., in 

projects where we have expanded 

access to compassionate use drugs).  

We are seeing a greater degree 

of centralization of distribution 

and dispensing, at least, if legally 

permissible and licenses allow for 

central dispensing of drugs across 

borders. This is not always the case, 

however, and the law can even vary 

within the same country (e.g., from 

state to state).

PTE:  What basic technology 

innovations are driving improvements 

to DTP, and the platforms that World 

Courier is using?

Sweeney: The biggest shift is 

that we are using global positioning 

systems (GPS) and Bluetooth Low 

Energy (BLE) technologies, which 

have proven to be very helpful 

in managing the supply chain, to 

monitor shipments at each point 

in the supply chain, from when it 

is placed in the storage facility or 

pharmacy, to when it is picked up by a 

driver, and when it is delivered to the 

nurse at the patient’s home. 

We have already piloted use of 

Bluetooth technology at various 

checkpoints in transit within DTP. We 

are using it to ensure that there are 

no temperature-control issues during 

product shipment, and then we push 

the data from Bluetooth out to the 

cloud, and results are available before 

and after delivery.

PTE:  Are there any issues using 

advanced monitoring technologies 

with air transportation?  

Sweeney: We have an in-house 

team that vets and tests various 

technologies, whether Bluetooth and 

GPS or GSM (Global System for Mobile 

communication). They examine 

different and often very specific use 

cases from customers, while also 

considering our internal challenges. 

There are other issues to answer as 

well. For example, do the solutions 

meet requirements set by the US 

Code of Federal Regulations (CFR) (i.e., 

are they 21CFR Part 11 compliant?) 

Basically, within DTP, we need results 

that indicate whether the drug is 

useable or not. If it is all packaged 

and a traditional temperature 

monitor is inside, we won’t know 

there is a problem until just before 

or upon delivery. We are working to 

change that, and airlines are working 

closely with some of these device 

manufacturers to consider allowing 

data recording, for example, using 

wireless networks onboard flights.

The lack of in-flight visibility does 

not have a major impact on what we 

do, however. For flights that involve 

cell- and gene- therapy shipments, 

GPS monitoring technology has 

already become standard. 

PTE:  What were the challenges at 

the early stages of DTP?

Sweeney: Before 2012, we found 

that investigator site nurses were 

going way beyond the call of duty. 

For example, after a long day at the 

hospital, they would sometimes take 

patient specimens home with them. 

We began making pickups from their 

residences. Site nurses also went to 

patient homes in cases that required, 

and we began to support them in 

these activities years ago.
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“In the past, we were 
used to a broader 
timeframe. Now, nurses 
are often prepping 
patients while a delivery is 
on the way.” 

— Michael Sweeney, 
World Courier
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productive relationship. Some responsibilities that should 

be discussed include who will monitor the compendia for 

method changes and maintaining the stability of reference 

standards, as well as the proper receipt and handing of 

the testing samples. Another responsibility that needs to 

be discussed and clearly defined is who is responsible for 

initiating and approving change controls for method changes. 

Clearly defining responsibilities upfront will help to eliminate 

disagreements and testing delays when issues arise.

Another consideration that needs to be discussed is 

the handling and maintenance of the documentation that 

supports the suitability of the methods. Both the test 

laboratory and the client should have documentation that 

supports the use of the methods. If the testing being done 

has been contracted by a CMO on behalf of a client, the 

client should also have the documentation supporting the 

method. The documentation to be shared should include, but 

not limited to, method development reports, validation and 

technical transfer/protocol reports, change controls, final 

test results, OOS investigation reports, and documentation 

that supports the shipping, receipt, and proper handling 

of the test samples. The sharing of these data is crucial in 

establishing continuity between the parties in the event of 

regulatory inspections or inquiries.

Outsourcing analytical methods is a critical activity that 

can affect the operations of the contract test laboratory, 

the contract manufacturer, and the product owner. 

Assuring the veracity and the validity of the data is key in 

defining the success of the relationship and depends on 

open communication channels between all the parties 

involved. Establishing a robust quality agreement with the 

unambiguous delineation of responsibilities and an effective 

communication scheme will make the outsourcing of test 

methods a successful experience for the parties involved.
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Q.I head up the quality control laboratory for a contract 

manufacturer. Business has been increasing and the 

laboratory operations are strained, so I am considering 

outsourcing some of the analytical methods. Can you offer 

some advice on what I need to consider in choosing a 

contract test laboratory?

A.When outsourcing any operation, the primary 

consideration should always be determining the 

capabilities of the service provider, in this case a contract 

test laboratory. This assessment depends on a number of 

factors including what methods for which products are being 

considered for outsourcing. 

It is crucial to be transparent with your clients, so the first 

step is to inform them of your intent to outsource some of the 

analytical methods traditionally performed by your laboratory. 

They may have experience with outsourcing analytical 

methods and may be able to offer advice about what to 

review when choosing a testing facility. They might also have 

objections to the further outsourcing of their methods, and 

this concern should be considered when determining which 

methods are suitable for outsourced testing.

The next step should be to perform an audit of the facility 

you are thinking of using for this activity. During the audit, you 

want to focus on several areas including the support you will 

receive during the transfer and validation/verification activities 

for the methods being outsourced. Some of the methods to 

be transferred may be proprietary and some may be com-

pendial; the detail involved in transferring them will vary. Either 

way, outsourcing testing for just one product means multiple 

methods will be involved during the transfer activities, so it is 

critical that the test laboratory has a process for onboarding 

new methods in a timely and efficient manner. Attention 

should also be paid to how the testing facility maintains and 

calibrates its equipment and the qualifications of the analysts 

that are responsible for the material testing. 

Particular attention should be paid to how the contract 

laboratory handles out-of-specification (OOS) investigations. 

The general rule is that the laboratory that generated 

that data owns the analytical data, and therefore, they 

are responsible for performing any OOS investigations. 

What you need to focus on for an OOS evaluation is to 

determine if the contractor’s standard operating procedure 

is in compliance with FDA expectations (1) and what their 

communication scheme is for notifying clients when an OOS 

occurs. The laboratory that generated the data is really the 

only entity that can verify whether the OOS was a result of 

laboratory error or if the investigation into the result needs 

to be expanded to manufacturing. It is important that the 

contract test laboratory has an open and transparent rela-

tionship with their client and that the client has an open 

and transparent relationship with their client. A robust 

communication scheme and an open and transparent 

relationship are crucial for quickly determining the direction 

of the investigation and ultimately the determination of the 

final product disposition. All parties in the relationship should 

be willing to discuss and disclose any method issues that 

arise. Any reluctance in establishing open communication 

channels with all parties in the relationship should be 

considered a red flag.

Once the audit is complete and you have decided on 

the methods to be outsourced, you need to construct a 

quality agreement (2,3) with the laboratory. Defining the 

responsibilities that might come up over the course of the 

agreement is a critical step in establishing a long-term 

Outsourcing 

Analytical Methods

Open communication channels between all the parties involved is key when outsourcing 

analytical methods, says Susan Schniepp, distinguished fellow at Regulatory Compliance Associates.

Once the audit is 
complete and you have 

decided on the methods 
to be outsourced, you 
need to construct a 

quality agreement with 
the laboratory.
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FABulous shortcut

Targeting biopharmaceutical industry and clinical
research, the new nSMOL Antibody Bioanalysis Kit
offers an optimized workflow for capturing anti-
bodies from blood or other biological samples.
nSMOL stands for ‘nano-Surface and Molecular-
Orientation Limited proteolysis’. It is completed by
an LCMS-8060 triple-quadrupole mass spectrome-
ter for quantitation of Fab-derived peptides.

A Fab technique for mAB’s’ analysis
Selectively digests the Fab region of the 
monoclonal antibody

Significantly improves consistency and accuracy
Delivers a new generic platform for bioanalysis of
antibodies by LC-MS 

More efficient sample preparation with higher 
sensitivity analyses
As the technique is focused on specific signature
peptides from the CDR region

www.shimadzu.eu / fabulous-shortcut LCMS-8060

Reshapes trypsin digestion for monoclonal antibody analysis
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comprehensive solutions. 
advanced technologies.
better biologics.

biologics

Catalent. More products. Better treatments. Reliably supplied.™    

us + 1 888 SOLUTION (765-8846)  eu 00800 8855 6178  catalentbiologics.com

Catalent Biologics. Advanced technologies and tailored solutions from cell line development 

through commercial supply in liquid and lyophilized vials, prefilled syringes and cartridges.  

Catalent is your single partner to help bring better biologics to patients worldwide.

˝
 2

0
18

 C
a
ta

le
n

t 
P

h
a
rm

a
 S

o
lu

ti
o

n
s.

 A
ll
 r

ig
h

ts
 r

e
se

rv
e
d

.

development 
Proven development of high 

performance cell lines

drug substance 

Flexible and scalable 

biomanufacturing

drug product 

Expanded capabilities in fill/finish 

across all injectable formats

biologics analytical

Comprehensive services with proven expertise 

from peptides to therapeutic cells
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