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ABSTRACT

Computer forms an important part of technology to increase the efficiency
and quality of work in pharmaceutical industry. Regulatory authoritiesrec-
ognize the laboratory notebooks as the primary evidence for the patent
claim. Electronic Laboratory Notebooks (ELNs) arethe state of the art tech-
nique for collaborative research in science. With the wide applications of
ELN, today it has laid the foundation in pharmaceutical companies. The
authenticity and reliability of the records maintained with ELN, and alsoits
regulatory acceptance make it advantageous over the traditional methods
of record keeping in pharmaceutical companies. The ELN technology with
its advantages distinctly outweighs the disadvantages and risk associated
with the changes in record keeping procedures. Thus the adoption of elec-
tronic mediafor record keeping isnot arevol utionary change, but an evolu-
tionary process which will have awider acceptance in the coming future.
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INTRODUCTION

Today thetraditiond Rand D in pharmaceutica com-
panies has cometo abreak down, which hasacceler-
ated thedrug discovery and devel opment process. But
thishasalsoled to anincreased need for robust commu-
ni cationsand data-sharing mechanisms. Documentation
formsanintegra part of R& D, asdocumenting an ex-
periment in away to ensure that the record can act as
evidence to support apatent claim or to demonstrate
complianceswiththeUSFood and DrugAdminigration’s
(FDA’s) predicaterules, putsdemandson an e ectronic
|aboratory notebook (ELN) that arenot trivial. Thecom-
monly used paper |aboratory notebooksareslowly be-
coming obsol ete, asthe needs of scientist for recording
the scientific dataarenolonger met.

The firgt tofile’ apatent applicationwastermed as
awinner initidly, but today thefocushas changed with

thenew law in United Statesi.e. “first toinvent” hasthe
right to obtain patent protection for aninvention. Thus
lab notebooksform avitd part of any research project.
The electronic laboratory notebooks, or ELNS, sys-
temsoffer secureverson control and audit trail sto cap-
turetheflow of the scientific process, promote collabo-
ration among scientists, and hel p protect intellectual
property assets.

Thustheincreasing acceptance of e ectronicrecords
by theFDA, with limitations of paper notebooks have
givenriseto devel opment of innovative software pro-
gramsthat alow scientiststo create el ectronic records
that efficiently capture and store dataand supporting
information3l,

Data management system

Data generated from any experiments should be
documented inaway that it ensuresthat therecord can
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be used to support apatent claim or compliancewith
theguidelines. Thevita aspect of any researchwork is
mai ntenance of accurate records of the experiments
performed. Not only has the laboratory notebook
formed aprominent official record of the observations
of theexperimentsbut a so it hel psthe scientist to keep
track of their experimenta ideas. Fromtheresearcher’s
point of view thelaboratory notebook can bevery help-
ful for years, if hemaintainsit properly. But for scientific
organization, lab notebooks are ablend of knowledge
and experience. Electroniclaboratory notebook (ELN)
isthe state of the art technique for collaborative re-
searchinscience, especialy if theproject involvesa
large quantity of datd*®.

L aboratory notebook

Laboratory notebooks represent the entire work
flow of theresearch and devel opment (R& D). Themain
roleplayed by |aboratory notebook isrecording of work
that was done so that research can be repeated, or
avoided if the outcomewas not the desired outcome,
and to allow subsequent research to move forward
based on previousresults. Traditiondly, thelaboratory
notebook mediumis paper and dataentries are hand-
written. Thismediumisportable, easy to use, well un-
derstood by users, and, with alittle care, a durable
method of recording@.

Paper labor atory notebook management

The scientific community consists of paper note-
books which are ubiquitous. Researchers keep per-
sona notebooksto record their ideas, meetings, and
experiments. Theobservationsand ideasexpressedin
thesenotebooksareusud ly not disclosed unlessneeded
to prove when an ideawasfirst recorded, in case of
patent claims. Notebooks are kept on all major scien-
tificinstrumentsaswell. These notebooksare shared
by all theresearchersthat usetheinstrument and serve
asdocumentation of theinstrument’s statusand usg’®.

Normally apaper |aboratory notebook manage-
ment processincludesthefollowing:

¢ Bound notebooks or |oose pages arethetwo types

of laboratory notebookswhich are used tradition-

aly. Themost commonly used methodology isuse

of bound notebooks, with afixed page numbers.

Loosepages are used for recording theraw datain
theform of printoutsdirectly from theinstruments.

e Beforeissuingittotheresearcher aspecific number
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isassigned to each new notebook to keep itstrace-
ability.

e Therecordsof the notebook owner and issue date
aretracked.

o Tokeeptheauthenticity of the entered datain the
notebooks, each page of the notebook issigned and
witnessed shortly after therecordsareenteredinit.

¢ InR&D wherethe datamay beof immenseimpor-
tance thewitness can be knowledgeabl e of thedata
but isnot apotentia inventor.

¢ Thestientis enteringthedatainthenotebooksshould
ideally be reviewed by a trained reviewer who
should be capable of determining thesuitability, ac-
curacy, and effectiveness of the study.

e Archival of the notebooks is an important task
achieved by most companies after compl etion of

study!™.
Need of electroniclab notebooks

Although paper retainssome advantagesin port-
ability andinthe ease of entering notes, ELN’shavea
variety of compelling advantages. Theneed for manua
transcription of datathet dready existsindectronicform
and candirectly display thelarge, multidimensiona, and
time-dependent data setsproduced in modern experi-
ments. Further, they can be used collaboratively by dis-
tributed groups and can have automated searching and
indexing capabilitiesto aid in knowledge discovery.
ELN’sa so have advantagesin termsof lega defend-
bility and asrecords because of the strength of digital
signaturesand thelow cost of storageon digital media
respectively®.

Thus enabling el ectronic accessto lab notebook
datamight greatly improve knowl edge management
capabilities, eliminatethewaste of informationthat is
inherent inthe paper system andimprove efficiency by
hel ping to reducework duplication.

Some other important factsto be considered for
the need of |aboratory notebooks are:

a. Limitationsof paper |aboratory notebook
b. Benefitsof ELN over paper notebook

C. Preservation of data

d. Ensuringdataintegrity

e. Tagginginformation

Electroniclaboratory notebook

Electronic Laboratory Notebooks (ELNs) arethe
state of the art techniquefor collaborativeresearchin
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science. An ELN isequivdent to apaper research note-
book. The datawhich was previously stored on paper,
sketches, text, equations, images, graphs, sgnaturesare
today recorded on € ectronic notebook “pages”’, which
can beusedin collaboration. Thedatacanbeusedin
the sameway asthat of abound notebook. The data
entry is usually done with the help of keyboard,
sketchpads, mouse, imagefiles, microphone, and di-
rectly from scientificinstruments. In additionto theba
sicfunctionsavailablelike apaper notebook, thereare
aseriesof functionswhich make ELN advantageous
over thetraditional paper notebook. Sharing of data
and ability for collaboratorsin different part of theworld
can use and share therecord of ideas, dataand events
of thejointly performed experimentsand research ac-
tivities. Alsotheinput of the data (observations/results/
instrument data), iseasier in ELNI®,

Functionality of ELN®

Themag or componentsof theELN arean interac-
tive browser-based client and aweb-server-based note-
book server. The user is to be provided with a user
loginand password for maintaining restricted accessin
the ELN. On login, atable of contents with a user-
defined hierarchy of chapters, pages, and notesisdis-
played on main window. The dataentered appearsin
chronologica order and the sub-note can be added if
needed, which appearsindented and directly after the
origind note. Thusthistechniquehdpsinprovidingthe
same methodol ogy of ‘writinginmargin’ of apaper
notebook. Thediscussion or opinionsbetween distrib-
uted research memberssituated all over theworld can
add datatothe ELN whichistermed as ‘reply’.

ELN isaweb- and Java-based application; users
maly accessthe pages and notesfromtheir lab or their
officeat their conveniencefrom Macintosh™, MSWin-
dows™, Linux™, and UNIX™ computers.

Withthehelp of ‘entry editors’ noteson main page
can be added from the main window.

Thenotebook initidly includeseditorsto crestetext
(plain, HTML, or rich text), equations (LaTeX), and
whiteboard sketches, to capture screenimages, and to
upload arbitrary files. New types of experimentscan
berecorded with thehe p of form-based editor by speci-
fyingan HTML form that gathersapre-defined set of
parametersand an HTM L document that describeshow
theform datashoul d be displayed on the notebook page
(e.g.,inanHTML table). On ‘submission’ the note-
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book page displaysthe feeded content and makesit
availableto authorized membersof the ELN. Entries
can berepeatedly edited till entriesare submitted. The
entriessubmitted gppear with theauthorsnameand the
date and time of the entry. Individual notes are ren-
dered using external applications (e.g., launching
Microsoft Word™), or by using Javaappletsor plug-
ins(e.g., equations, molecular structures, and VRML).
Short ‘viewer’ scriptsarea so used to check and con-
trol how agiventype of dataisrendered.

Design of EL N

Theheart of the ELN comprisesof aninteractive
browser-based user and a notebook server which
makesuseof acommon gateway interface (CGI) scripts
that usualy runon aweb server.

Theuser interfaceisrendered by alocdly installed
Javaapplication that handlesuser interaction-login, se-
lecting page views, searching, entering notes, signing
pages, etc. and the browser, which servesasalaunch
point and providesdisplaysof individua pages. A smdl,
signed Javaappl et within the browser launchesthe ap-
plication and mai ntainscommunicationthrough asocket.
Thisalowsthe application to request new pageviews
for display inthe browser. The gpplet usesLiveConnect
toinvoke aJavaScript method to request the page. The
server iswrittenin Perl that generates necessary HTML
and JavaScript for digplaying theinitial notebook entry
page and for subsequent notebook pageviewsinthe
browser. It also respondsto HTTPrequestsfrom the
application that implementsthe basic functionality of
loggingin, discovering the notebook contents, submit-
ting new entries, etc. TheELN Wizardisalimited client
application that encapsul atesthe entry submission func-
tiondity of theclientinaformthat can beused by other
applicationswithout the need for abrowser. Because
of the clean separation of browser-related code and
themodular designof the ELN client, the ELN Wizard
isableto re-use many of theclient components. The
ELN Wizard doesnot currently handleretrieva or dis-
play of notebook entries beyond displaying the note-
book table of contentsto allow user selection of where
new entriesshould be placed.

The central datamanagement conceptinthe ELN
is the notebook object (NOb), which consists of an
opaque, typed piece of data and key/value pairs of
metadata-data about the data. The NOb datamay be
thetext, images, or other datacomposing an entry or it
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may bealist of other NObs, alowing representation of
the potentially infinite hierarchy of chapters, pages,
notes, and sub-notes. Themetadataincludesacore set
of key/value pairswhose meaningisunderstood by the
notebook, as well as arbitrary key/value pairs with
meaning for the applicationsthat produce or process
NObs. The concept of aNODb, and acore set of keys
{authorname, datetime, label, description, objectid,
datatype, and dataref} have been defined consistently
acrossmany inditutiona notebook implementations. The
dataref key/vauealowsNObstoreferenceexternaly
managed datausing standard URL notationin cases
wherethe benefitsof not making acopy of datawithin
the ELN outweigh the concern over relying on an ex-
ternd systemfor dataavailability, e.g., whenthedatais
very large. Representations of the NOb have been de-
velopedin Javaand Perl, and aflat, MIME-based for-
mat isused during exchanges between the client and
server and for archiving notebook entries.

At PNNL, we have extended the core metadata
st toincude standard key/va ue pairsrepresenting digi-
tal sgnatures, thepurposeof asignature (e.g., “authored
by”, “witnessed by”, “approved by”), and thesigners’
identities. Editorsand externa applicationsthat create
NObsare a so freeto define new metadatakeys. We
choseto use Entrust’s Javadevel opment kit to imple-
ment our public-key authentication, encryption and digi-
tal sgnaturecapabilities, and leverageaningtaled En-
trust public-key infrastructureat PNNL. All Sgningand
ggnature verification operationsoccur ontheloca desk-
top. As noted, signatures are submitted to the ELN
server asNOb metadata. During verification, thesig-
naturesand origina dataareretrieved from the server.

Advantagesof ELN

The record keeping in the laboratory has not
changed for an era, but today’sexperimentsare chang-
ing theface of the record keeping with ELN coming
into existencd®. Thereisalist of advantagesof using
electroniclab booksover thetraditional handwritten
versions. Themain advantageisknowledgetransfer, as
withthehdp of ELN theknowledgecan beeasly shared
with collaborators and colleagues. Theinformation
searchthroughthedataandinformation contained within
becomes an easier task. The experimental dataespe-
cidly observationsand results can beeasly integrated.
Theauthenticity of the datamakesit aunique one as
the data can be one entered and cant be modified. The
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datarecorded will be assigned apermanent date and
timerecord by the software. Thusthee ectronicrecords
form part of the evidence used in adispute of patent
claims. Good back up and recovery procedures pro-
videapermanent record. Thetraceability, authenticity
and reliability of the datacan beassured whichisvery
important. Other minor advantages are note book se-
curity, ease of use, interoperability and expandabilityttl.
ELN supportsscientific workflow and also haslegal
and regulatory support with increased quaity inrecord
keeping, better complianceand operationd consistency.
Thus, ELN providesbenefitsto scientist, withessman-
ager and benefit for records management.

Indugtrial application
1. In Pharmaceutical R& D

The pharmaceutical R& D information recorded
variestoawideextent. Thescientist dedingin discov-
ery requiresaflexiblefront end that can handleunstruc-
tured dataand text entry, plustheability to recognize
chemical structuresand invitroandinvivo study im-
ages. From the deve opment and manufacturing scien-
tists perspectiveamore structured and organized work
flow isneeded. Thusthe multifaceted ELN implemen-
tation with separate focuses on discovery and devel -
opment areasand ashared archiving systemwill be of
great benefit to thedirect scientist. After theelectronic
signaturesof author, reviewer, witnessthedataislocked
by convertingittoatypica format andthenisarchived
with the hel p of document management systems.

TheELN playsavery crucial rolein pharmaceuti-
cd R& D with applicationsin variousdepartments. The
other recordsmaintained withthehelp of ELN aretran-
ing records, raw data, inventory, training records, etc.

2. Inintelectual property rights(1PR)

ELN can act asacritical domain of IPR. Thein-
ventionintheform of laboratory findings (observations
and results) recorded in ELN makethe patent appli-
cant awinner inthe patent applicationrace. Initidly “first
tofile’ apatent application wastermed asawinner, but
today the perspectiveischanging with the new regula-
tionscoming up. The “first toinvent” hastheright to
obtain patent protectionfor aninvention. Thuslab note-
books (ELN’s) formavital part of any research project.
The ELN’s, offer secureversion control and audit trails
to capturetheflow of the scientific process, promote
collaboration among scientists, and help protect intel-
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Figurel: Application of ELN in phar maceutical industry

lectual property assets. ELN not only protectsthe PR
assets/invention but al so makesthe patent applicant a
strong hol der in today’s competitiverace of patent ap-
plication.

Acceptanceby regulatory authorities”

For asuccessful implementation of ELN thereare
aseriesof requirementsto bemet. ELN formanim-
portant virtue and is very critical document asit be-
comesaprimary record of scientificdiscovery. Thisis
acrucid part of “firsttoinvent’ for patent claim. With
theadvancement in software development and 21 CFR
(Codeof Federal Regulation)*® cominginto existence,
regulatory agenciesin many jurisdictions accept elec-
tronic records. Even the U.S. Patent and Trademark
Office has even published a notice stating that el ec-
tronic records are acceptablein the sameway ashand
written records but the data generated should be stored
in aproper way and should be trust worthy*®, The
€l ectronic records sameto paper records are accept-
ableasevidenceof inventionin “first toinvent’, but the
datashould be kept properly following Code of Fed-
erd Regulaion.

But today as such dueto fewer cases of existing
patent disputes, thereisno caselaw for successful patent
defense solely based on el ectronic storage of dataand
€l ectronic signature. With the advanced way of record
keeping theindustry isadopting higher standardsthan
what isdefined by law for the storage of scientific data.
All the datais governed by the Federal rulesof Evi-
dencewith two major requirements: businessrecords
obj ection and foundation objections.

US-FDA acceptstheelectronic recordsand el ec-
tronic submissionsbut hasaextensveregulationsand
guidance™?., Proper testing and documentation must be
availableto provethat the systemismeeting the user-
required functions. Withthe 21 CFR part 11 compliant

software’s providing an audit trail theregulationscan
be met up to agreater extent, ensuring the authenticity
of thedatagenerated. Thevalidation of computer sys-
temsisarigorous process of testing and documenting
that the computer system meets user and regulatory
requirements.

Thusthebest interest of discovery scientistsshould
beto maintain properly thevalidated ELN system for
the best responses and acceptance.

Basicregulatory requirementsof ELN:
¢ Redtricted accessto scientist with different logins.

e Toavoidany changesor dteration to bemade, the
data generated should belocked after the comple-
tion of thetask.

e Useof 21 CFR part 11 or any other CFR compli-
anceto ensurethe authenticity and integrity of the
electronic records.

e Thetimely eectronic Sgnatures by author, witness,
reviewer and approver ensuretheguiddinesarefol-
lowed with good practice.

o Withthe CFR’sinvolvedtheaudit trail sisautomati-
cally maintained for the creation, modification, re-
viewing and approval of records.

o Ladtly, theeectronicrecordsshould dwayshavean
accuracy, authenticity, trustworthiness, and relevance.

Limitationsof EL NI

ELN’shave somelimitationslikeother technolo-
gies but have to be managed properly. In some case
thescientigsarenot familiar with thedataand may make
someincorrect conclusionswhich arearisk of sharing
information. To minimizethemignterpretation, anden-
courage communication between users of ELN data
annotationisessential, with clarification of data. The
cost involvedin comparisontolaboratory notebooksis
awaysmoreas ELN’sinvolve use of computersand
software’s. Implementing and maintaining integration
between ELNsand other computer systems can also
be of high cost. Validation of theimplemented or up-
graded system isanecessary task, to ensurethat both
user and regul atory requirementsare met. Backup and
recovery processesmust be established to ensurehigh
availability of ELNsandtimely recovery of the system
intheevent of adisaster. ELN’sarenot portablelike
bound |aboratory notebooksand arefragile. Thetime
involvedismoreasthedataneedsto befeededin ELN’s
with thehel p of keyboard whichisdightly cumbersome
procedure. Theother technol ogiesinvolved are use of
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optical character recognition technology, but thesetech-
nologiesare not precise and the scientist doesnot have
much timeto check for any software problemswhile
conducting an experiment. Theuseof software’sto draw
chemicd structuresisan accounted problemasit needs
expertiseto usethetool kit of drawing the chemical
structure. Datastoragein suitableformatsfor decades
together, generally for alifetime of apatent, isanother
challenge with the day to day changing e ectronicfor-
mat and archiving mediatechnology.

Market status of ELN

Commercialy ELN becameavailablefrom 1990s,
but themarket was subdued till 2000. TheELNsavail-
able now aday have better technol ogy that concerns
with security, legal and regulatory requirements. The
number of vendorshasincreased from very few to 30
recently.

Thereareno dominant supplier of ELN currently,
although some (CambridgeSoft, Symyx, Vel Quest,
Waters) areconsidered thefirst tier for their wider in-
stallation base and larger company size.

Pharmaceutical companiesthat haveimplemented
ELNsinclude J&J, Merck, GSK, Organon, Berlex,
Array Biopharma, Vertex, AstraZeneca, Eli Lilly, BMS
and Schering Plough. Many took ahybrid approach to
the new technology and used ELNsfor dataentry fol-
lowed by printouts™.

Atrium Research published the results of its2008
ELN survey. Over 500 scientists, manager, and infor-
mation technol ogy personnel from 23 countriespartici-
pated. Interestingly, thevast mgority of ELN usersex-
press the same datamanagement challengesasnon-
users. Thisillustrateshow thesetechnologiesarejust
component of alarger information puzzle®¥.

CONCLUSION

TheELN hasawidearray of gpplications, starting
primarily inthe domainsof chemistry and biology, to
software development. ELN alowsresearchers, from
academicsaswell asfrom R& D centers, to accessdata
and notes generated by remote operation of scientific
instruments, to maintain Internet accessible persond and
|aboratory journal's, and coordinate work with remote
colleagues®. The benefitsof ELN’sclearly outweigh
the potential drawbacksand risks associated with the
changesin record-keeping procedures. Pilot projects
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can beundertaken to demonstrate thefeasibility of the
sysemfollowed by full implementationif thepilot project
isasuccess’.

The adoption of electronic mediafor laboratory
notebooksisnot arevol utionary change, but anevolu-
tionary process. ELN acts as the primary research
record. The open programminginterfacesinvolvedin
ELN hel psto rapidly customize anotebook to support
existing project datatypesand to integrate the ELN
into laboratory processes. The ELN’sarenot only val u-
able but also act asrobust tools. But some practical
issues are till to be resolved to make ELN’s a pre-
ferred choiceacrossal theR&D’s. Nevertheless, itis
easy to seethat therewill comeatimewhenthe poten-
tial benefitsof e ectroniclab notebookswill outweigh
the disadvantages. But the evolutionary process of
changewill surely beasuccessin coming years.

If ELNsare compatiblewith your knowledge man-
agement strategy, they arewd | worth using. Idedly, one
should start withasmall scaepilot project demondtrat-
ingthefeasbility of the system. Full implementation can
follow if thepilot project issuccessful.
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