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From test tubes to tonnes

Commercial drug process development for life scientists

by CF Harrison
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Introduction
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Most people who pick up this book will have a science background of some sort. Perhaps you are finishing an undergrad or doctoral degree and want to start your first ‘real’ job. Possibly you are a postdoc, sick of hunting for grant money and looking to make the jump into industry. You have a scientific background – you know how to design and run experiments, data interpretation is not a problem, and it’s been years since you last forgot the positive control.

But there is a vast step between the laboratory world and that of commercial manufacturing. It is a jump from plate readers and pipettes up to a world of thousand-litre fermenters and raw materials measured out by the tonne. A world where failure can cost millions and where anxious engineers sweat over the slightest variation in pH – and a world which most of us have never experienced before.

This book will cover the act of developing and validating a commercial process – from initial process design through to the lifecycle management. It will introduce you to the many steps which need to be taken, translate the strange language of manufacturing into real words, and explain just why everyone around you is freaking out when the process validation fails.

Sound useful? Then read on!
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So your company wants to make drugs? Well, there are many steps which need to be taken before you can actually sell at a commercial scale. Although we cover each of these steps in detail later in the book, this is the basic approach which every company will take:

	Process Design: You can’t make something if you don’t know how you’re going to make it – and so the first step is to design your process. What raw materials will you need, how will they be combined, what sort of manufacturing operations will occur? How will you purify the final product? This step is all about deciding what you are going to do.

	Risk Management: You don’t know everything, obviously. But do you know enough? Or are there large gaps in your knowledge which may lead to horrible failure later on? Risk management is a matter of looking at what is known and deciding where the risks lie – and then deciding what to do about it.

	Process Control Strategy: Your drug is going to be given to people – living, breathing people. This means that it needs to be the highest quality which you can realistically produce – no bacterial contamination, no birth defects, no endotoxin-mediated septic shock. Your control strategy is the process you will use to ensure the quality of the drug.

	Qualifying equipment, facilities, and methods: You need high-quality tools to do high-quality work. Qualification is the act of formally testing the various pieces of your process to show that they work correctly and consistently – and you’ll be doing it for the factory, the equipment being used, even the analytical tests.

	Process performance qualification: This is the test, the test to see if your commercial-scale manufacturing process has what it takes. Can you make your drug with a sufficient level of quality? Consistently? If not, you will find out at this stage.

	Continuing Process Verification: The commercial process is all worked out, so now it’s plain sailing – right? Not a chance. Testing never stops, and continuing process verification is your way of constantly checking for unwanted changes.


All of this work is done by the pharmaceutical manufacturer, and it’s up to them to decide when they have enough data to justify commercial production. In practice, this will be a joint decision made by many people in different areas, based on many, many documented studies.

Once the company is confident, they will then need to convince the regulatory authorities (e.g. FDA, EMA, etc.) as well. This is done by providing information in a regulatory dossier. Authorities can agree, disagree, or (most likely) demand more information. In particular, the authorities will want to see that all stages of process design have been successfully performed – a successful process qualification run when you’ve no idea what you are doing is just as bad as a perfectly understood process that can’t be performed.

The final goal of all of this effort is to be able to state, without too much hesitation, that you are extremely confident in your process. That you can consistently produce a ‘good quality’ product under commercial conditions. Being extremely confident is not easy, naturally, and so process validation in practice involves exhaustive amounts of testing, measuring, and writing reports. The following sections will cover this exhaustive testing in significantly-less-exhausting detail.

Examplifen: An example process

Developing a commercial process is, well, a pretty dry topic. So, in order to better show how everything works in the real world, we’re going to demonstrate using an example process. Simplified, naturally, because we don’t want this book to take up a few hundred pages, but enough to get the ideas across more clearly.

So, congratulations! You are now part of the process development team for our company’s newest stomach-pain relief medication, the conveniently-named Examplifen. Examplifen is a small molecule drug (i.e. not a protein), which is designed to be taken orally (i.e. swallowed) and exerts its pharmaceutical effects directly on the stomach lining. The discovery and preclinical work has been looking good, the FDA has been optimistic in preliminary discussions, and we’re going to assume for the purposes of our example that clinical trials will be completely successful without any problems (this never happens, of course, but it’s an example). Thus the main problem now is to manufacture at commercial scale without difficulties. It’s time... for commercial process development.
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The first step in making something is to know how to make it – and this is the problem that the Process Design step sets out to answer. Before we get into the details of it all, however, we’re going to cover some basic terminology that you’re going to need throughout your pharma career.

Manufacturing basics

Once a drug has exited the initial screening phases and becomes an actual pipeline molecule, the big question becomes ‘how will we make it?’ This can be a simple and well-established process or it can be highly complex with many variables to tweak. All production will need to be done under Good Manufacturing Practice (GMP), essentially a set of common requirements for making high-quality goods.

There are two parts to any pharmaceutical. The most important is the active pharmaceutical ingredient (API) – this is the part that actually does something (i.e. if there’s no API, it’s a placebo). The second part consists of the excipients, literally everything in the finished product that is not the API. Excipients are extremely important for making the drug work as it should and so are a major component of the development process.

Manufacturing can be thought of as a number of process steps linked together, each step indicating a single action in the manufacturing line such as mixing compounds, filter-sterilising, etc. The intermediate stages and materials will have a number of quality attributes (QAs) – properties or characteristics which affect the final product.

Scattered amongst the process steps will be tests to monitor the overall progression of the process and the quality of the intermediate material being produced. These attributes are affected by variations in process parameters (PPs), the term for measurable variables which occur during manufacturing. These process parameters are in turn monitored by in-process controls (IPCs), the measurements and values that will be taken as the process continues. 

Confused? Here’s a simple example: we mix the API with two secondary, non-active excipients in a buffer. The homogeneity of the final mixture would be a quality attribute – itself reliant on the process parameter of mixing time – while the act of measuring the mixing time would be an in-process control. The length of time that the mixing should occur is a target value, specification, or requirement. IPCs, PPs, and attributes are divided up according to their criticality (how much of an effect they will have on the final product’s quality and safety), splitting them into the categories Critical, Key and Non-key

Multiple batches of drug product will be produced in a single manufacturing campaign, after which the line is often changed over to another product or strength. As each batch is finished it is packaged and labelled, then passed on to the quality group for batch release.

Development basics

Process design is the first step in the overall process validation cycle. The goal at this stage is to determine how the commercial manufacturing process will actually be performed, with an emphasis on developing a reliable and well-controlled process. 

In practice this involves taking a lot of information from many different places and then bringing it together. This also means that you need a wide range of experts to interpret this information – chemists, engineers, microbiologists, statisticians, quality assurance, and manufacturing, to name a few. Thus you will be working with many different viewpoints and priorities during process validation activities, and need to accept that compromises will have to occur.

Although compromises can occur, one thing that cannot be compromised on is the need to document everything. Everything. There is a standard saying in the pharmaceutical world: “if it wasn’t documented, it wasn’t done”. This applies from the very beginning. Every result should be recorded in a lab book and signed. Every study needs to be summarised in a signed and archived report. Even before you begin work you need a signed protocol setting out what exactly is to be done, how the data will be analysed, and what will be considered ‘success’. Document everything!

Now onto the actual process design...

What do we already know?

The very first thing to do is to determine what is already known – what is known about the process and what is known about the product. This information is drawn from several typical sources:

	Development work

	Prior knowledge

	Process understanding

	Process modelling and simulation

	Scale-up


All of the information gathered in the course of these studies will be summarised in reports. The general approach used is to provide each separate experiment with its own protocol and report, while an overarching ‘master’ document or summary will link all of


Development work



Discovery and Development



Preclinical research



Go/No-go decisions


Prior knowledge



Process understanding






	
	

	

	


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




Process modelling and simulation



Scale-up



	Laboratory scale: The smallest scale and the scale at which all of the research and development will have been conducted. Think of beakers and stirrer bars, flasks full of bacterial cultures and maybe a small fermenter or two. Laboratory scale work is performed under ‘Good Development Practice’ conditions, which means you have certain requirements for recording results, calibrating equipment, etc. Certainly not as many as GMP, but it’s not like an academic lab either.

	Pilot scale: Pilot scale is an intermediate scale, the point at which you are manufacturing using a process which is fully representative and able to simulate the full commercial scale. Essentially it is a miniature version of the eventual manufacturing process. Pilot scale production will usually allow extended testing or possibly clinical trials to be performed (provided the pilot plant is run under GMP conditions). 

	Commercial or manufacturing scale: This is the scale at which you will be making drugs for the market. This is where the thousand-plus litre fermenters come in, alongside the industrial scale piping, high-speed filling lines and host of automation features. There are strict rules about production and monitoring, large amounts of raw materials being consumed, and batch sizes reaching tens of thousands to millions of doses. Commercial scale is the Real Thing, where even small changes in efficiency caused by your earlier decisions can end up making or losing hundreds of thousands of dollars’ worth of product.







Examplifen: Process design


Knowledge from development


	Preclinical studies covering drug pharmacokinetics have shown that the ideal concentration of Examplifen for quick acting pain relief is 100µM. Thus the final drug product should have an Examplifen concentration at or around this level.

	Stability studies using different pH values have shown that the API (Examplifen) is most stable at a pH of 3.2. The final product should thus be kept buffered around that pH in order to reach the maximum possible shelf-life.

	Our buffering system is important for long-term stability and clinical efficacy. Early development work tested a number of buffer systems, and showed that the citrate-phosphate buffer system worked best when composed to make a pH of 3.2. Thus the final concentrations of excipient should be 0.049 M Na2HPO4 and 0.0753 M citrate. 


Knowledge from previous experience


	Survey of patients and readers of this book have shown that people prefer calculations which use round numbers. As such it is preferable that each bottle will be a single-use container and will hold exactly one millilitre of the Examplifen drug product

	The final drug product is an orally available medicine, which means that the sterility of the product isn’t as important as, say, an injectable vaccine (stomachs are full of bacteria, after all). However, it is still important that the drug be comparatively free of bacterial contamination. Our scientists and regulatory affairs groups say that there should be no more than 10 bacteria per millilitre of final product, which can be easily achieved via autoclaving of the filled and sealed bottles.

	Large chunks of undissolved components both look bad and can be a health hazard. To avoid this, the compounded solution should be filtered before it is filled into the bottles.

	As the concentrations of excipient and API are so different, our previous experience has shown that it is better to create two separate solutions and then combine them later in a compounding (final mixing) step.


Release specifications


	
	

	
	

	
	

	
	

	
	

	
	

	
	





	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


The Examplifen manufacturing process


	We should make separate excipient and API solutions prior to compounding.

	The pH needs to be adjusted to the correct range for long-term stability.

	The compounded solution needs to be filtered before the bottles are filled.

	The filled and sealed bottles need to be autoclaved.
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