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Technical Q&A: Continuous Manufacturing
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Experts predict an eventual shift from 
batch to continuous manufacturing 
processes. Regulators have expressed 

support for continuous manufacturing, 
which is a crucial piece for any pharma-
ceutical effort. Analytical and manufac-
turing equipment and control systems 
have been developed to fit the needs of 
continuous production, and companies 
are moving forward. In September 2013, 
GEA Pharma Systems and G-CON Man-
ufacturing announced a manufacturing 
collaboration with Pfizer to develop a 
PCMM (portable, continuous, minia-
ture, and modular) system to create a 
compact and mobile manufacturing plat-
form for oral solid-dosage (OSD) drugs. 
The PCMM prototype integrates GEA’s 
ConsiGma continuous manufacturing 
platform and MODUL P rotary tablet 
press, in a 36-ft. wide G-CON autono-
mous GMP cleanroom structure called 
a megaPOD. The prefabricated process 
skid and POD form an environmentally 
isolated facility that can be installed in 
standard warehouse space. Maik Jornitz, 
president of G-CON Manufacturing; 
Richard Steiner, business development 
manager for ConsiGma at GEA Pharma 

Systems; and Michael O’Brien, head of 
Pharmaceutical Sciences Technology & 
Innovation at Pfizer spoke with Phar-
maceutical Technology about the project.  

Project status
PharmTech: What is the status of the 
PCMM project? 

Steiner (GEA): At the moment, we 
are working on finishing the industrial 
skid. The collaboration is more than 
just a project on paper, we’re creating a 
tangible process solution that will soon 
be manufacturing real product. Right 
now, we’re in the factory acceptance 
testing phase for the equipment, which 
is almost finished. Soon the equipment 
will be combined with the G-CON 
megaPOD, finally bringing the project 
from concept to reality.

O’Brien (Pfizer): We are hoping to 
begin assembly early in the first quar-
ter of 2015 in a Pfizer Groton (Con-
necticut, US) warehouse. The following 
are some of the principles that will be 
demonstrated by the prototype: 
•	 Continuous processing enables 

steady-state conversion of powder 
to uncoated tablets within minutes.

•	 Rapid deployment (i.e., design, 
construction, and implementa-
tion of a facility in less than one 
year with practical options for re-
deployment) is possible.

•	 Identical equipment can now be 
used for clinical and commercial 
manufacturing, effectively elimi-
nating the uncertainty and sig-
nificantly reducing the costs of 
traditional development to manu-
facturing and site-to-site technical 
transfers.  

PCMM model
PharmTech: What are the advantages 
of the four aspects (portable, continu-
ous, miniature, and modular) of the 
PCMM model and how do they relate?  

Steiner (GEA): The key point is that 
continuous processing is the element 
that enables process intensification. 
Continuous processing and the manu-
facture of smaller product quantities in 
a continuous manner mean that ma-
chinery product-contact surfaces are 
becoming much smaller. Hence, the 
equipment is becoming smaller, more 
portable, and by definition, modular. 
So, there are four elements: continuous 
processing is enabling miniaturization; 
miniaturization is allowing processing 
systems to become portable and modu-
lar. And when you put all that together, 
you get the PCMM paradigm. 

O’Brien (Pfizer): Continuous pro-
cessing technologies have been around 
for more than 50 years. In the phar-
maceutical industry, we have been at 
the point where processing equipment 
can routinely be configured in a con-
tinuous or semi-continuous manner 
for quite some time. Of greater impor-
tance is that our new paradigm shift 
has enabled dramatic reductions in size 
(miniaturization), which in turn begets 
true modularity. Reduced footprint, in 
combination with true modularity, al-
lows processing trains to be enclosed 
in dramatically smaller, autonomous, 
GMP-compliant spaces at a relatively 
low cost. As a natural consequence, the 
self-contained processing entity no lon-
ger needs a traditional ‘brick and mor-
tar’ factory infrastructure. Portability 
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enables strategically driven redeploy-
ment options and allows the facility to 
be classified such that accelerated capi-
tal depreciation is possible.

Jornitz (G-CON): The PCMM 
model is the manifestation of the in-
dustry’s vision and need for flexible and 
rapidly deployable manufacturing sys-
tems. Future facilities won’t necessarily 
be large-scale, dedicated, single-product 
sites, but smaller, more agile manufac-
turing facilities that comply with the 
central tenets of FDA’s “Quality for the 
21st Century” initiative. These agile pro-
duction sites will be modular—or podu-
lar—and designed to be mobile. Contin-
uous manufacturing, used in both OSD 
applications and bioprocessing, will sup-
port the benefits that can be gained from 
miniaturized or small-volume produc-
tion processes. The PCMM consortium 
is exploiting all these options to fully 
optimize the efficiency and flexibility 
of future production processes.

PharmTech: What scale is meant by 
“miniature”? 

O’Brien (Pfizer): We expect to op-
erate within a range of 5 to 30 kg per 
hour, which roughly translates to an 
annual capacity of 0.5 to 1 billion un-
coated tablets per year.

Steiner (GEA): Comparing batch 
processing with continuous systems is 
difficult in terms of absolute numbers, 
but the footprint or volume of such a 
system could be up to 60–70% smaller 
than a conventional installation. Being 
continuous actually eliminates the ques-
tion of scale: the only factor is time. The 
equipment is physically smaller, but as it’s 
run continuously, it’s easy to manufac-
ture production-scale volumes of product. 
There’s no need for scale-up any more or 
long product transfer times from R&D to 
full-scale manufacturing.

Challenges
PharmTech: What do you see as the 
biggest challenges in employing the 
PCMM model? 

Steiner (GEA): From my perspective, I 
would say that we’ve not really encountered 
any insurmountable hurdles. Regarding 
technical challenges, the miniaturization 
aspect was challenging, but we found solu-

tions. Economically, we’ve discovered that 
the system price for the PCMM compares 
very well with traditional models and ac-
tually offers a lot of advantages, especially 
in terms of its portability, flexibility, and 
productivity. The whole system was put to-
gether with existing equipment, including 
the commercialized CMT continuous in-
line blending technology from Pfizer. We 
didn’t have to invent anything new; we’ve 
just put it together in a smart new way. 

O’Brien (Pfizer): There is a body of 
work around achieving regulatory un-
derstanding and ultimately their accep-
tance of both the technology and general 
paradigm. FDA and EMA have expressed  
support for and seem to expect broader 
implementation on continuous manu-
facturing in the pharmaceutical industry, 
but many aspects will need to be worked 
through in terms of what is required for 
regulatory filings and routine operation. 
Challenges also remain in moving from 
the batch test and release to a real-time 
release paradigm. It is unclear whether 

regulatory agencies in developing mar-
kets will readily embrace the new tech-
nology. We also anticipate that workforce 
planning and retraining will be crucial 
to the successful implementation of this 
new paradigm. 

Future of continuous processing
PharmTech: Do you have continu-
ous manufacturing projects outside of 
PCMM?

Steiner (GEA): GEA’s ConsiGma is 
a multipurpose platform for continu-
ous manufacturing that has been de-
signed to transfer powder into coated 
tablets in development, pilot, clinical, 
and production volumes in a modular, 
compact unit. The system can perform 
dosing and mixing of raw materials, 
wet granulation, drying, tableting, or 
direct compression, including online 
PAT quality control, all in one system.

O’Brien (Pfizer): At Pfizer, we have 
a number of ongoing projects in various 
stages of development that are investi-
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gating continuous and semi-continuous 
processing technologies for both API 
and other drug product development 
and manufacturing processes. It should 
be noted that we are also working with 
global regulatory bodies to ease the adop-
tion of PCMM and related advanced 
manufacturing technologies.

PharmTech: What role do you think 
continuous manufacturing (PCMM or 
other) will play in oral solid dosage in 
the next 5-10 years? 

O’Brien (Pfizer): From our vantage 
point, it wouldn’t be a surprise to see 
PCMM and other related OSD contin-
uous development and manufacturing 
paradigms ultimately become the new 
norm in the pharmaceutical industry.

Jornitz (G-CON): Continuous man-
ufacturing will dominate facility and 
process designs, as well as the manu-
facturing modus. 

Steiner (GEA): Continuous manufac-
turing will continue to grow. The phar-

maceutical industry is facing increasing 
demands for faster supply chains, and con-
tinuous technology is an enabler of more 
flexible and faster routes to market. I reit-
erate the key aspect that continuous manu-
facturing is an enabler of miniaturization; 
the subsequent portability and modularity 
lead to ‘process excellence,’ which in turn, 
delivers ‘business excellence,’ saving both 
cost and time, improving manufacturing 
efficiency, and enhancing the output qual-
ity of the whole organization. PT

Technical Q&A: Continuous Manufacturing

Although some aspects of process validation for continuous processes are the 
same as those for traditional batch processes, there are some unique consid-
erations. Gretchen Allison, senior director and team leader for Global Quality 
Validation, Pfizer Global Supply, spoke with Pharmaceutical Technology about 
these issues. 

PharmTech: What are the key considerations for validating a continuous 
manufacturing process?

Allison (Pfizer): Key considerations for validating a continuous manufacturing 
process rely on many of the established principles of basic pharmaceutical 
process development, guides, and standards that the pharmaceutical industry 
generally applies to validating traditional batch processes—for example, the 
establishment of critical quality attributes (CQAs), critical process parameters 
(CPPs), and corresponding acceptance criteria for a given product and process. 
Other process validation considerations that apply to both traditional batch 
manufacturing and continuous manufacturing are the use of quantitative 
statistical methods (as appropriate) to evaluate the validation data and the 
evaluation of intra-batch and inter-batch variation.

System qualification of commercial equipment and other supporting systems, 
including process analytical technology and/or automation, is also necessary 
when validating a continuous manufacturing process, and it may be especially 
critical if some systems are providing real-time monitoring and control. 

Considerations for continuous manufacturing process validation should 
demonstrate that the process is under control and can achieve expected 
performance. These include start-up and shutdown of the process, process run-
time evaluation, and the ability to detect process excursions. Demonstration 
that the process-control system can reach and detect when acceptable product 
is produced may include a set of start-up and shutdown activities. The number 
of start-ups and shutdowns could be determined based on a risk analysis and 
the unique critical considerations for that process; examples may include 
process robustness, process flow rate and residence time, and the number and 
inter-relationship of CPPs/CQAs.  Process validation activities should consider 
both the optimum process run time and worst case (e.g., longest) process run 
time to determine if the system can reach and maintain the intended process 
conditions over the entire process. The ability to detect excursions from the 
target CPP or CQA values that may require the diversion of non-conforming 
material should be evaluated. How changes in the process production rate 
and/or equipment scale impact the process dynamics and whether the process 
remains in a state of control during commercial manufacture should also be 
evaluated. 

Continuous process verification (per the International Conference on Harmonisation 
Q8) as an alternative validation approach can use in-line, on-line, or at-line monitoring 
or controls to evaluate process performance. This approach may be particularly well 
suited to the evaluation of continuous manufacturing processes and may enable 
the use of real-time release testing. Monitoring can be combined with dynamic 
control systems to adjust the process to maintain output quality. This capability also 
provides the advantage of enhanced assurance of intra-batch uniformity.  Using this 
approach, data from production batches can essentially support validation with each 
manufacturing batch, replacing a conventional process validation approach (e.g., 
three-batch validation at set-point) that was historically used.

PharmTech: Can you share any best practices around defining a batch/lot in 
practice?

Allison (Pfizer): Per the FDA Code of Federal Regulations, a batch/lot of material 
may be defined by a unit of time or quantity. It is typically defined by a unit of 
time that corresponds to known flow rate and residence time within the given 
unit operations of the manufacturing line. Clearly defined criteria are necessary to 
describe the state of control operation and to establish the lot product and process 
data (e.g., raw materials and processing conditions used) and material traceability.

PharmTech: Is real-time release testing able to be implemented at this 
stage? What are the challenges? 

Allison (Pfizer): Pfizer has developed real-time release testing for some 
marketed products produced in specific manufacturing facilities. The application 
of real-time release testing is typically product/process specific and is often specific 
to given manufacturing facilities. Depending upon the specific process, there may 
be some challenges in the application of real-time release testing that impact the 
ability of sites to implement real-time release. Examples include:

•	 The ability to perform real-time monitoring, evaluation, and trending of some of the 
critical attributes and/or CPPs applicable to that product may present some technical 
challenges if robust selective analytical technologies are not yet developed.  

•	 Ensuring an adequately high sampling frequency for processes with high 
throughput and low mass/potency to detect potential perturbations that may 
impact product quality in a real-time manner. 

•	 Ensuring that primary sensors are robust and accurate over the duration of 
the run, considering, for example, the potential for sensor fouling/buildup of 
product or sensor failure.
Other reasons why real-time release testing may be challenging include 

the up-front costs to develop and implement the technology and the limited 
number of users who have expertise with currently available tools.  PT

Process validation for continuous manufacturing processes.


