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The worldwide pharma-
ceutical industry spends
several hundred billion
dollars on manufactur-

ing. By improving manufacturing effi-
ciency by only 5%, the industry could
yield over $10 billion annually. Lead-
ing pharmaceutical companies,
generics and contract research organ-
izations have prioritized programs de-
signed to eliminate the routine, non-
value added tasks through automa-
tion. Research conducted at VelQuest
Corporation confirms that in most
regulated companies ~70% of labora-
tory-based resources are focused on
compliance-related functions [1].
Within the quality operations the ini-
tiative to “go paperless” is expected to
create operational cost benefits yield-
ing millions of dollars in efficiency
gains. This “electronic manufactur-
ing” environment enables immediate
communication between the dis-
parate data sources from product and
process development, pilot opera-
tions, incoming raw materials inspec-

tion, in process moni-
toring and quality
control lab re-
sults. Interfac-
ing these da-
ta sources
and higher-
order infor-
mation man-
agement
technolo-
gies pro-
vides a
platform for
enterprise-
wide decision
making to sig-
nificantly im-
prove batch re-
lease cycle times.
Going paperless al-
lows one to manage the
data across the entire enterprise
– within the plant, plant to plant or
across the entire global operation. 

Industry Operational Challenges
The pharmaceutical and biotech in-

dustries are challenged to improve
product quality, productivity, return
on investments and compliance,
while, at the same time, generating an
annual 10-15% growth for their stake-

holders. This is be-
coming increasingly
difficult due to the

large number of
branded prod-
ucts coming off
patent over the
next three years
and vulnerable

new product
pipelines.

This
means

that research-
based companies
must roughly dou-

ble the number of
new lead candi-

dates entering the
clinical trial phases of

the drug approval
process, shorten overall time

to market and decrease overall costs. 
The entire “product life cycle” (re-

search, development and manufactur-
ing) must be streamlined. Within this
environment large amounts of data are
being generated across the entire en-
terprise. Today most laboratory opera-
tions rely on the use of paper-based
“systems” that are often subject to po-
tential human generated errors and
require constant “checking” and man-
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From Product Manufacturing 
to Lot Release:
The Complete Electronic QA/QC
Environment
Today, technology can be adapted to totally eliminate paper-based systems and replace them

with a fully all electronic method execution and data capture and review system. An exam-

ple of such a system is SmartLab. The platform can stand alone as the QC information man-

agement system or interoperate with any higher-order IT infrastructure used today.
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1 A digital version of a SOP (or method) 

is presented to an analyst with automatic 

capture of critical method-based data. After 

a method is completed all data is presented 

to reviewers with visual “flags” for all specifica-

tions and materials expiration requirements

along with instrument calibration dates, 

audit trails, annotations, e-signatures and 

direct “drill-down” links to the raw 

data sources at the click of a 

mouse button.



2 The ERP/SAP-like infrastructure can link directly to the SmartLab platform and reduce the need

of a traditional LIMS implementation. This expedites the bi-directional data flow between the

laboratory and manufacturing, while absolutely ensuring regulatory compliance and integrated

data collecting and reporting on a global basis.

ual verification procedures. These
processes add no value to the opera-
tions and most importantly contribute
to the departmental costs. Also, com-
plying with cGMP requirements is an
added challenge for the life science in-
dustry further adding costs stemming
from manual activities centered on
compliance.

The Food and Drug Administration
(FDA), US Securities and Exchange
Commission (SEC) and Environmental
Protection Agency (EPA) have imposed
rules and regulations on the way man-
ufacturers must operate. To com-
pound these demands, different de-
partments and sites within a business
are responsible for various aspects of
the enforcement of regulatory rules
and regulations. The differences in
how departments and sites handle
compliance issues, the duplication of
effort across the enterprise, and the re-
sulting compliance gaps have added
cycle times, risk and cost to operations
[2]. 21 CFR Part 11 emerged as a de-
manding regulation for the pharma-
ceutical and biotechnology industries.
Regulations that affect the overall
management of electronic records
have added new priorities for the in-
dustry. Part 11 has recently been mod-
ified to lesson the total scope and pro-
vide a more rational framework for im-
plementation, however, the rule still
applies if the electronic record is in a
“high risk” area as defined by impacts

on human health. The QA/QC func-
tions within the pharmaceutical pro-
duction arena clearly fall into this “high
risk” definition.

Variability in manufacturing opera-
tions leads to high Cost of Goods Sold,
inventory levels and compliance risks.
For example, in interviews with man-
ufacturers, companies reported mas-
sive inefficiencies, such as only 40% to
50% capacity utilization, 50% of output
requiring rework, and 40 to 60 days lost
resolving non-conformance investiga-
tions [2].

The Paperless QC Lab Initiatives
The automation initiatives in late

stage development and production
over the last decade where driven by
the need to precisely control produc-
tion processes and cut costs. That en-
vironment is now being further modi-
fied by reviewing the costs associated
with non-value added tasks. An iden-
tified area is the large amount of paper
processes used in manufacturing, par-
ticularly quality control and quality as-
surance functions. These “e-manufac-
turing” initiatives have received atten-
tion as one of a small number of criti-
cal-path issues that, if solved, will yield
significant cost savings for decades.

The main issues are reduced review
times, reduced operator errors, mini-
mizing rework and investigations and
ultimately enhancing the work experi-
ence for well trained analysts and op-
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erators. All of these issues contribute
to costs and product release cycle
times, and if minimized, will signifi-
cantly affect an operations bottom line.

In 1999, VelQuest Corporation de-
veloped a unique, and now patented,
process to embed an automated data
capture software application within a
company’s existing SOP’s or test meth-
ods. In doing this, the software pres-
ents only the approved method to the
analyst and captures all the critical da-
ta and metadata created during the
process of implementing a method on
the lab or process floor. Data elements
include method preparation data
(reagent info, weighing operations,
metrology etc.), analytical instrument
data (chromatography and spec-
troscopy), and analyst or operator ob-
servations (color, texture, shape etc.).

The SmartLab software takes exist-
ing written protocols (test methods or
SOP’s) and presents them as an elec-
tronic version with embedded data and
metadata capture technology. Ana-
lysts and operators interact with the
digitized SOP through PC’s or hand-
held tablet PC’s that, step by step, force
data entry and capture either manual-
ly or automatically (direct from instru-
ments). At the end of the method exe-
cution process, all data is aggregated in
a single review screen (figure 1) with
critical data flagged for specifications
and a direct link to the original data
source. This all electronic system pro-
vides review times that are typically re-
duced by a factor of 50% or more. The
raw data files from analytical instru-
ments along with their printed reports
are automatically captured and organ-
ized in a secure repository for future
needs.

Access to the SmartLab platform is
controlled via a secure privilege grid
with full audit trail and electronic sig-
nature capability providing compli-
ance with the FDA’s 21CFR Part 11 reg-
ulations. The result data is accessible
to any authorized member of the QA
review or management team. Data
from the test methods are automati-
cally parsed and sent to tailored re-
ports including certificates of analysis
for batch release documents. These re-
ports can then be electronically re-
viewed and approved. Data and trend-
ing reports can also be created by ex-

porting the database record elements
to other in-house IT infrastructure re-
quirements such as a LIMS or ERP/MRP
systems. In many respects, this tech-
nology represents the “process analyt-
ical technology” (PAT) applied to the
QC laboratory processes. Just like phys-
ical manufacturing processes, the lab
environment utilizes “method pro-
cesses” conducted by analysts and
through embedded “method-centric”
software (SmartLab), the PAT philoso-
phy can be applied to the lab with
equivalent productivity improve-
ments and significant returns on in-
vestment.

Integration with IT Infrastructure
In the past, many organizations

have generally focused on implement-
ing a higher-order IT system such as a
Laboratory Information Management
System (LIMS). These solutions are fo-
cused on a limited workflow environ-
ment generally related to sample
tracking and report management
tools. They, in essence, provide an elec-
tronic file cabinet, but rarely deliver
compelling productivity gains in opti-
mizing laboratory processes. This lim-
ited approach is only a “piece of the
puzzle” in the integration and distri-
bution of critical-path information
throughout the global QC/QA enter-
prise. 

A key issue in any quality organiza-
tion is the data and metadata produced
by the execution of actual test meth-
ods and SOP’s by analysts and opera-
tors. This data, such as instrument cal-
ibration data, balance metrology info
and analyst observations are rarely
captured during method execution,
yet, represent the most critical infor-
mation for investigating any failed test
required for lot or batch release or a
regulatory site inspection. For a com-
prehensive 21st Century cGMPs to be

both compliant and productive, added
capabilities beyond historical infor-
mation management systems are
needed.

In many production environments,
Enterprise Resource Planning (ERP)
systems (SAP, JD Edwards, Oracle LS)
are considered the integration hub for
other systems and often initiate QC or
process testing in support of manufac-
turing. This is transformed into a work
order for production, which in turn si-
multaneously triggers the in-house
LIMS to assign work and take input on
samples for analysis. Typical interac-
tion between the LIMS and ERP is to re-
trieve the quality data/specifications,
display the work order, capture the re-
sults, check results against the specifi-
cations and redeploy additional work
if needed then release certificates of
analysis (CofA’s) then upload summa-
ry results to ERP. Traditional systems
still incorporate many paper-based
processes such as the use of “forms”
for data capture.

Unfortunately, these forms must be
checked for accuracy and re-checked
after manual transcription into the
LIMS system. This process is the effi-
ciency bottleneck and often error-
prone part of the data capture and cat-
aloging process. It is precisely here that
the VelQuest SmartLab platform adds
the critical-path functions in terms of
eliminating the paper issues and forces
analyst/operator compliance within
an all electronic environment consis-
tent with 21 CFR Part 11 at each step in
the method execution. Today, the
ERP/SAP-like infrastructure can link di-
rectly to the SmartLab platform and
eliminate the need (and expense) of a
traditional LIMS implementation (fig-
ure 2) This expedites the bi-direction-
al data flow between the laboratory
and manufacturing, while absolutely
ensuring regulatory compliance and
integrated data collecting and report-
ing on a global basis. 
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