
A revolution is about to happen in the pharmaceutical industry: in the foreseeable future it might be possible to 

make active substances not just in small batches, as has been the case up till now, but in continuous processes, 

like food. This could speed up the development of new active substances and make the manufacturing process 

more efficient. Bayer’s research scientists are currently trialing this method on a substance that looks very prom-

ising for cancer treatment.

A hidden, deadly danger: organ or 

tissue cells divide in an uncontrolled 

manner and a tumor develops. In the 

worst case it is malignant, and the 

person is diagnosed with cancer. But 

the prospects look promising that 

doctors may get a better grip on the 

disease in the future. Here, it is not 

only the search for new, effective and 

well-tolerated drugs that plays an 

important role, but also the way the 

drug compounds are made. This is 

something Bayer’s research scientists 

and engineers have been concentrat-

ing on because if the route from a 

promising potential active substance 

to actual treatment can be shortened, 

patients stand a better chance of rapid 

treatment.

It is the route now being followed by 

a substance provisionally named BAY 

86-9766. Developed to combat cancer, 

it is currently undergoing clinical tri-

als. Five steps are needed to synthesize 

BAY 86-9766. Each of these normally 

has its own manufacturing procedure 

defining how the raw materials and 

intermediate products react with each 

other.

This means that the chemicals have 

to be crystallized, dried, analyzed and 

placed into interim storage four times. 

Only once the fifth step has been com-

pleted is the finished product ready. 

Specialists refer to this process as batch 

production because the substances are 

produced in separate batches.

To date, this is the conventional 

way of making pharmaceutical prod-

ucts. But “batch production has its 

downside too. For example, it can be 

labor-intensive and demanding in 

terms of logistics, because the various 

batches and intermediate products 

need to be analyzed and placed in 

interim storage separately. This can be 

very time-consuming and expensive,” 

explains Dr. Agathe Christine Mayer, a 

chemist and project manager at Bayer 

Technology Services. Many industries 

are now using continuous process-

ing as one of their manufacturing 

techniques. The petroleum, plastics 

Innovative process technology speeds up drug manufacture

A quicker way of making 
active substances

Effi cient drug manufacture: 
like a chemical assembly line

Highly automated: in future, new drugs will be manufactured not in individual steps but contin-

uously. Tobias Grömping (photo, right) checks the settings on a modular production container in 

the new INVITE research center before the production chain begins. Ahead of scale-up, Dr. Sigurd 

Buchholz and Dr. Christian Severins (photo, left, left to right) test the process in a small continu-

ous active substance production plant.
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History is being made in a dark green, two-story building at the Leverkusen Chempark site. It is here that the chemi-

cal production plant of the future has been operating since September 2011, when it was installed in the new INVITE 

(INnovation, VIsion, TEchnology) research center, a facility in which industrial companies and academic partners are 

working together to develop new process technologies. The research center company is a joint venture between Bayer 

Technology Services GmbH and TU Dortmund University and is being supported by the regional government of North 

Rhine Westphalia with grants from a national economic stimulus package. One of the first projects, which makes 

use of INVITE‘s development and demonstration infrastructure, is the F3 Factory (Flexible, Fast and Future Factory). 25 

organizations are working in partnership on this EU project, which aims to make chemical manufacturing more flex-

ible. Seven leading European chemical companies are taking part in the project, which is coordinated by Bayer Tech-

nology Services. The partners hope to combine the advantages of large, optimized plants with those of smaller, more 

flexible plants. The idea is that, in the future, chemical factories will be built according to a modular principle. Stan-

dardized equipment modules will 

be assembled in containers, which 

in turn will be linked together to 

form a complete plant. INVITE is an 

open innovation platform for close 

cooperation between partners 

from industry and research.

Factory designers at work: in the newly 

opened INVITE research center, Dr. Günter 

Bachlechner, Head of Technology Develop-

ment at Bayer Technology Services, and 

INVITE Managing Director Dr. Thomas 

Bieringer (left to right) inspect the new 

approach to pharmaceutical production. 

In future,  equipment units will be assem-

bled on a modular principle.

and food industries mainly use highly 

automated plants. Raw materials go in 

at one end and the finished product 

comes out at the other – like a chemi-

cal assembly line. Experience shows 

that continuous processing can have 

many advantages. “The plants are 

often compact and thus occupy less 

space, while a high level of automation 

reduces the need for labor. Ideally, pro-

duction capacity could adjust flexibly 

to demand and production times could 

be shortened,” continues Mayer.

Entirely new technologies are vital 

to improving manufacturing processes 

in terms of sustainability and ratio-

nal use of resources. In Europe, the 

chemicals industry is closely involved 

in this approach, for example via the 

new INVITE research center. Experts 

are already discussing a paradigm shift 

in the way that drugs are made. “The 

supervisory and regulatory authorities 

have recently started promoting the 

use of continuous processes in phar-

maceuticals production so that tech-

nological progress and, consequently, 

new drugs can reach the patient more 

quickly,” says Dr. Gerhard Braun, Head 

of Process Research and Development 

in Chemical Development at Bayer 

HealthCare in Wuppertal.

An interdisciplinary team made up of 

chemists and engineers is now sys-

tematically applying this new technol-

ogy to BAY 86-9766. “The development 

drug belongs to an innovative active 

substance class which we hope will be 

very effective in the fight against can-

cer,” says Braun. Bayer believes it may 

have great potential to treat a wide 

range of cancers. It inhibits specific 

enzymes that are critical to the multi-

plication of cancer cells. BAY 86-9766 

has shown promising results in clinical 

studies to date, and so there are real 

hopes that it could be ready for market 

launch in a few years’ time.

The chemical factory of the future
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“The five-stage process of synthesiz-

ing BAY 86-9766 is typical of the com-

plexity of pharmaceutical substances 

and the associated challenges in terms 

of process technology,” explains Dr. 

Sigurd Buchholz, Head of the Flow-

Chemistry Competence Center at Bayer 

Technology Services, who together 

with Braun is coordinating the work 

relating to the continuous produc-

tion of BAY 86-9766. The anti-cancer 

substance was selected to trial the 

new manufacturing method for pre-

cisely this reason. Mayer and her col-

leagues are currently transferring the 

synthesis to a continuous process. The 

team working on this project includes 

experts from Bayer HealthCare’s 

Chemical Development department, 

Bayer Technology Services, and sub-

stance production specialists from the 

Supply Center in Wuppertal-Elberfeld.

“We must make sure that our design 

can be integrated into the current 

method of production and that it 

can reliably make enough products 

of the required quality at competitive 

costs. This is a crucial and technically 

demanding step in addition to all the 

other tasks,“ says Dr. Jürgen Wiesche-

meyer, Head of Substance Produc-

tion Operations at Bayer HealthCare 

in Wuppertal. Bayer’s scientists are 

developing a conventional batch pro-

cess alongside the continuous process, 

which will enable them to compare 

both methods directly and resolve 

any shortcomings even quicker in the 

future.

In the continuous plant, chemical 

processes take place in microreactors, 

block-shaped metal devices only a 

few cubic centimeters in volume. “You 

have to think of the manufacturing 

process as a long stream: the reagents 

keep flowing onwards, reacting with 

new substances that are fed in at cer-

tain points. By-products are removed 

continuously. There is never a specific 

intermediate product that you can 

hold in your hand,” says Dr. Christian 

Severins, whose laboratory at Bayer 

Technology Services is being used to 

test the plant. If the manufacturing 

process is stable at laboratory scale, 

the process engineers will transfer it 

to production scale.

Bayer’s research scientists are 

currently building a demonstration 

plant for the first steps of synthesis, 

which will produce a few kilograms 

per hour. “That is about the scale we 

would need for production later on,” 

says Dr. Lars Frye of Bayer Technology 

Services, who is in charge of building 

the demonstration plant. This shift to 

Innovative cancer drug selected 
for pilot plant

“Safety must 
be  guaranteed”
Dr. Susanne Keitel is a pharmaceutical specialist 
and Director of the European Directorate for 
the Quality of Medicines and HealthCare (EDQM) 
in Strasbourg. This body, which is part of the 
Council of Europe, is responsible for establishing 
quality standards for medicines.

Why is it so difficult for the pharmaceutical 
industry to switch to continuous processes?
The demand for many currently authorized drugs is 

probably not large enough to justify the switch in 

economic terms. This is also due to the regulatory 

requirements that must be met if significant changes 

are made. In contrast, the food industry applies well-

established procedures, for example, to test product 

quality during manufacture. So far the pharmaceutical 

industry has been rather hesitant.

What can be done to ensure that the quality of 
drugs is not impaired by the switch?
The requirement here is that suitable control and 

 monitoring methods are devised and implemented for 

each product and process.

What are the benefits for patients?
Continuous production can cut manufacturing costs. 

If these cost reductions are passed on to the public 

health system, statutory health insurance funds and 

patients could save money, and this would further 

improve access to drugs.

The FDA in the United States is supporting the 
use of continuous processes in drugs manufacture. 
What is the attitude of European authorities?
In principle, the European authorities are open to inno-

vative approaches to the development and production 

of drugs. However, another aspect which they have 

traditionally regarded as a priority is well-founded 

pharmaceutical development in which the key product 

and process parameters are identified and described in 

the marketing authorization dossier. This is the foun-

dation for a thorough understanding of the process, 

which makes the development of continuous manu-

facturing processes easier.

Technology under control: Bayer employees Ulrich Bauer and Carsten Flick (left to right) 

inspect one of the production units where products such as active substances for new 

cancer drugs will be manufactured. The work by Bayer HealthCare’s experts on continuous 

production is a pioneering achievement.
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Disposable fermenters accelerate the development of new biologic drugs

Medicine in a bag
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Biologics – drugs manufactured by means of biotech-

nological processes – are increasingly important in the 

fight against cancer. Examples include antibodies and 

other proteins produced by animal cells that have been 

genetically programmed for this purpose. Used as drugs in 

the human body, their specificity allows them to primarily 

attach to cancer cell structures. Once they have reached 

their destination, they may either destroy the cells directly 

or release an anti-cancer toxin. 

“Finding a suitable candidate protein is a laborious 

process,“ comments Dr. Hans-Dietrich Hörlein, Head of 

Biotechnological Development at Bayer HealthCare in 

Wuppertal. Millions of different protein substances have to 

be tested – and, of course, manufactured before they can 

be tested. For decades this has been done in vessels made 

of stainless steel. But the old metal favorite now has a rival. 

Scientists working for Bayer HealthCare and Bayer Tech-

nology Services have joined forces to develop a new type of 

fermenter: BayShake™, a box-shaped, transparent pouch 

made from fiber-reinforced plastic. The main advantage of 

the pouch is that once production is complete it is simply 

replaced by a new one, saving time and money. “Steel fer-

menters have to be cleaned thoroughly each time, and the 

risk of residues contaminating the next production batch 

can never be completely ruled out,” explains Dr. Berthold 

Bödeker, one of Dr. Hörlein’s colleagues. One important 

aspect in the production of biologic drugs is continuous 

and thorough mixing of the cells. “This is why our pouches 

rest on powered rotating plates,” explains Jörg Kauling of 

Bayer Technology Services. The efficiency of the mixing 

process is demonstrated when he adds a dye to the water. 

It takes just a few seconds for it to be evenly distributed.

Dr. Clive Wood, Head of Global Biologics at Bayer 

HealthCare, is convinced: “BayShake is the future. If we can 

test more candidate proteins in a shorter time, we stand 

a better chance of further success in the fight against 

diseases that have until now been very difficult or impos-

sible to cure.“ Bayer has invested around EUR 35 million in 

a new technical center in Wuppertal to further improve the 

conditions for developing biologic drugs. The new building, 

over 20 meters high and with several thousand square 

meters of floor space on five stories, is scheduled to open in 

2013. Then the BayShake™ fermenters will be able to show 

a new audience what they can do.

Oscillating, disposable bioreactor: Dr. Uwe Langer from Biotechnology Development at Bayer HealthCare, developer Jörg Kauling, and 

Annette Waldhelm from Bayer Technology Services (left to right) check the product quality.



larger equipment and volumes is called 

scale-up. “In batch processing this can 

be complicated. For example, in large 

containers the surface to volume 

ratio is lower, and it becomes increas-

ingly difficult to remove the heat of 

reaction,” explains Severins. This can 

dramatically increase reaction times. 

A small round-bottom flask can be 

cooled and the reaction completed 

within a few minutes, but in the larger 

reaction vessels of a conventional 

production line this can take several 

hours. In the worst-case scenario, the 

product has already decomposed by 

this time.

It is precisely for this reason that con-

tinuous processing offers great advan-

tages. The reactors are not too large, 

and it is easier to remove the heat of 

reaction. It has been possible to use 

new options in the scaled-up plant as 

well. Several identical continuous reac-

tors are being assembled and will run 

in parallel. Under the current plan, all 

the equipment for the BAY 86-9766 

pilot plant will fit into two standard 

containers measuring six meters by just 

under two meters forty centimeters. 

They will be placed in the new techni-

cal facility at the INVITE research cen-

ter (see box text, page 74). “If this were 

a batch plant, the reaction vessel alone 

would completely fill the container,” 

comments Frye. Size is not a problem 

when it comes to the continuous plant: 

the heat exchangers have a volume of 

three liters, and a process-intensive 

micromixer is used for mixing.

Bayer’s development scientists 

are facing great challenges as they 

are breaking new ground. Continu-

ous processes must be monitored 

online, using various spectroscopic 

methods such as Raman, infrared and 

especially near-infrared spectroscopy. 

These techniques make it possible to 

measure the concentrations of the 

substances present without touch-

ing them. Probes in the product flow 

stream are the measuring points. “This 

allows us to monitor the progress of 

the reaction,” says Dr. Kai Lovis, in 

whose laboratory the spectroscopic 

measurements are carried out.

Another challenge is to achieve 

stable continuous plant operation for 

weeks or months without cleaning. 

Some reactions produce solids that 

form deposits in a plant and eventually 

block valves or pipes. Bayer’s scientists 

are finding answers to these chal-

lenges. “In shifting from batch to con-

tinuous processing, we are benefiting 

from many ideas suggested by appara-

tus engineering and process manage-

ment specialists. We are learning new 

things every day,” says Buchholz.

Because it is often easier to control 

process parameters in continuous 

plants, entirely new reaction paths 

may now open up that in the past 

were inaccessible to batch produc-

tion on financial and safety grounds. 

Thanks to the close cooperation 

between specialists from all parts of 

the Bayer world, the project team is 

confident that it will succeed in mak-

ing continuous processes an estab-

lished route in the pharmaceutical 

industry as well. “It’s a completely new 

type of process development – chal-

lenging but with amazing opportuni-

ties,” explains project leader Mayer.

www.research.bayer.com/drug-manufacture
More information about this topic

Innovative technology requires 
interdisciplinary teamwork

Continuous production: new 
reaction paths are possible

The heart of the new process: one approach for transferring production to a continuous procedure involves the use of microreactors, where the substance can 

react much faster and more efficiently (photo, left). Dr. Agathe Christine Mayer and Dr. Gerhard Braun (photo, right, left to right) first  developed the production 

method in their automated parallel  reactors in the laboratory. The process is now being transferred to a demonstration plant for active ingredient production.
77

Ba
ye

r 
re

se
ar

ch
 _

23



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting true
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /SimulatePress
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


