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During the development cycle of a new antibody therapy, the therapeutic agent will be tested on

subsequently more biologically complex models. New experiments’ designs are based upon data

gathered from prior models. New researchers who inherit the data and researchers from groups with

different cultures or expertise are often called upon to interpret these data.

Experiments which are not recorded consistently or employ ambiguous terminology can make

interpreting these results difficult. The researcher who had originally collected the data may not be at

hand to correct any misunderstanding or offer clarification and data can be unknowingly misused. This

introduces an element of risk into the therapy development process.

We have developed a reporting guideline for recording therapy experiments. This guideline consists of

a checklist of data to be recorded from antibody therapy experiments performed in molecular,

cellular, animal and clinical model.
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Introduction
This chapter presents a reporting guideline for recording therapy

experiment design and results. The guideline contains elements to

specifically address antibody therapies because it was developed

and subsequently adopted by the Antibody Society [17].

Scientists document different sets of information about their

experiments; these often depend on personal preferences, group

culture and research areas [2]. A lack of consistency when record-

ing information about experiment and data does nothing to help

others to correctly interpret and understand experimental results.

It becomes awkward when data are inherited by a succession of

researchers, and make designing follow up experiments which are

based on previous results difficult. This could lead to experiments

being repeated, which is inefficient and a waste of resources.

Incorrect interpretations of data lead to wrongly drawn conclu-

sions; decisions on future research directions could be influenced

by these errors.

This is particularly relevant for therapy experiments, where an

experimental approach is tested on successively more sophisti-

cated biological models. Missing information and incorrectly

drawn conclusions from animal models may introduce additional

risk into early phase clinical trials. In addition, there is lack of

information regarding therapy treatments and this information is

not always accessible from the authors of the trial or review [3].

A reporting guideline is a checklist of information elements that

should be recorded. Adherence to a checklist of information types

can help researchers to record consistent sets of data and improve

the quality of resulting reports [1]. A reporting guideline is more

effective when the checklist content is collaboratively edited by

the intended users, to ensure the set of data recorded is informative

enough to be practically useful to everyone [4]. Adherence to a

checklist of elements enables consistent documentation of data

and helps encourage better behaviours in reporting results [1].

The reporting guideline by itself cannot promote clearer under-

standing of experimental data amongst a group of users. It would

be counterproductive if researchers adhering to the same checklist

collect differing information types due to different interpretations

of the terms. This difference is easily amplified amongst research-

ers from differing areas of expertise. Over the course of developing

a new therapy, clinicians, bench-side scientists, statisticians and

physicists who work together to assimilate experimental data may

bring with them differing definitions of the nomenclature used.

The property of understanding information and using it the way

it was intended to be used is referred to as semantic interoperability;

this property becomes achievable when every item on a reporting

guideline is defined in terminology which is universally accepted

by its users. This term originates from computing, systems are

semantically interoperating when data exchanged can be ‘under-

stood’ by machines. A shared controlled vocabulary makes the
meaning of data unambiguous to all users, ensuring that data be

used the way it was intended.

Consistency in recording combined with universally accepted

terminology to promote clearer understanding of experimental

work enables valid comparisons between experiments [5].

This is the first step to the amalgamation of data to create larger

data sets; the discovery of new knowledge is possible by finding

patterns which are difficult to spot, or are statistically insignificant

in small data sets. The relatively recent creation and adherence to

data standards in the ‘omics field [6–10] allows data sharing, which

is strongly encouraged by funders and journals [11]. Data sharing

has already yielded promising results [12,13]. This makes the

possibility of formally linking these fields to assist in the study

of systems biology [14,15] a reality.

The guideline presented in this chapter is accompanied by a set

of terminology to disambiguate the terms used. The terminology is

extracted from the National Cancer Institute Thesaurus (NCIt)

[16]. NCIt is used by caBIG1 programmes thereby ensuring that all

caBIG1 researchers refer to a common terminology.

We have designed a case study to demonstrate the extent to

which our guideline describes these antibody therapy experiment

data. Deficiencies encountered will be reported as well as sugges-

tions on ways to overcome these deficiencies.

Guidelines for information about therapy experiments (GIATE)
GIATE is a reporting guideline for recording therapy experiments

[17,18]. This reporting guideline enumerates information fields

regarding the molecular target, the therapeutic agents, as well as

properties of molecular, cellular, animal and clinical models. In

addition, GIATE also describes properties of studies performed in

these models (e.g. bond, pharmacokinetics, pharmacodynamics

and therapy outcomes).

GIATE provides users the ability to elucidate the multiple

dependencies between these diverse data types. For example,

the data set accumulated from a pharmacokinetic study is depen-

dent on the specific model the experiment was performed on, as

well as the drug regimen which produced that particular set of

results.

This ability to link data is not limited to data from a single

model. The principal strength of GIATE is the ability to explicitly

associate results from one model type to another. Therefore, it is

possible to track the source of the information reported, which is

referred to as the data provenance.

One example is the usage of effective drug regimens collated

either from animal experiments or from other clinical trials, to

formulate starting dose regimens in early phase clinical trials.

Similarly when an antibody fails to work in the animal, it would

be useful to be able to re-examine experiment design and results in

measuring affinity between antibody and target in the molecular
www.elsevier.com/locate/nbt 465
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model. In this situation, it would be useful to have information

about exactly which molecule was targeted, in terms of species or

post-translational modifications.

This tracking of results is also necessary in antibody therapies

with multiple components that have to be to be assessed both

individually and in synergy [19].

The network of links between experiments across models allows

the researcher to establish a knowledge trail from molecular to

clinical models. The tracking of data accumulated during one

therapy’s entire developmental process enables a new viewpoint

about the therapy which cannot be easily discerned by examining

results from a single model type.

GIATE design principles
The success of a recording guideline is measured through extent of

user uptake; this itself is determined by the willingness of the

target community to adopt it [4]. In addition, the adoption of

immature reporting guidelines can cause confusion later [20]. To

best meet the needs of the target community, GIATE is developed

with three principles in mind.

Modular design ensures flexibility

Firstly, as therapy experiments encompass diverse research areas,

the elements on the checklist are grouped into modules to ensure

they can be easily modified without invalidating the dependencies

between data sets in the rest of the checklist.

The basic version of the guideline includes elements specific to

antibody development because it is developed by the Antibody

Society. It also includes elements specific to cancer therapy data as

it is being tested for completeness on data from that field.

Singular elements or new modules are added to the checklist as

research directions dictate, or as new technologies emerge. We

have developed a foundation version of GIATE but research groups

may add new modules that are relevant to their work. These new

modules can be shared with the rest of the GIATE user community

as long as the elements of the modules are paired with definitions,

to ensure semantic interoperability.

A foundation version only ensures that all users have access to a

common checklist. It should be clear that GIATE is not a minimum

information guideline, which requires documents to provide a

specific amount of detail to be considered valid. Neither is GIATE a

data standard, because we do not specify any format by which

information is recorded. A comprehensive review of the differ-

ences between minimum information guidelines and data stan-

dards can be found here [10].

Common terminology for semantic understanding

Data recorded to GIATE should be semantically unambiguous to

users unfamiliar with terminologies of different research groups and

areas. To this end, we employ the use of data elements, as defined by

the ISO 11179 Metadata Registry Standarda to clarify the type of

information required. We also make use of well-developed lexicons

such as NCItb to provide standardised vocabulary.

A common data element structures a piece of information in

terms of an object, property and value domain. For example, a
a http://metadata-standards.org/11179/ (last accessed 1st February 2010).
b http://ncit.nci.nih.gov/ncitbrowser (last accessed 1st March 2010).

466 www.elsevier.com/locate/nbt
common data element for describing the number of patients in a

study has ‘Patients’ in the object field and ‘Number of patients’ in

the property field. The object’s valid domain values would be ‘All

positive integers’. Similarly, a common data element for describing

an antibody’s expression system would have ‘Antibody’, ‘Expres-

sion System’ and a string indicating ‘Any valid name of expression

system, such as Pichia Pastoris’ for the object, property and domain

values, respectively.

The purpose of using common data elements for describing

GIATE elements is to remove all ambiguity regarding the informa-

tion required by the guideline. Semantic clarity is further

improved by twinning each object, property and valid value

domain with definitions from well-established vocabularies.

For example, an antibody is described as ‘A type of protein made by

B lymphocytes in response to a foreign substance (antigen). Each anti-

body only binds to a specific antigen, helping to destroy the antigen

directly or by assisting white blood cells to destroy the antigen.’ and

expression systems are ‘Technologies to induce the process of tran-

scription of specific information embodied in the DNA into mRNA

(messenger RNA), which is then translated into proteins.’ Both defini-

tions are taken from the NCIt, which provides users with a stan-

dard definition appropriate for the research field.

User-determined granularity of detail

GIATE does not specify the granularity of detail regarding the

recording of experimental data, instead this is left to the discretion

of the users. Users have the option of including more details in free

form text or links to spreadsheets where GIATE elements fail to

describe an aspect of their experiment. In addition, GIATE users

are encouraged to provide links to publications which had pro-

vided a basis or groundwork for their own experiments. This gives

the scientist a way to explain the reasoning for their experiment

design.

There are GIATE elements which require the accession identi-

fication to external databases. For example, if the molecular target

is a protein, users are required to provide the UniProtKBc [21]

accession number of this protein. UniProtKB is a protein knowl-

edgebase which links to other databases, amongst them Protein

Data Bankd to describe the protein structure, DrugBanke to enu-

merate pharmacologic substances that have been developed to

target the protein and PubMedf to list any publications regarding

the protein. In this way, users are providing maximum informa-

tion regarding the molecular target, with minimal effort to doc-

umenting or updating it.

Another advantage of providing the UniProtKB accession num-

ber is clarity. By providing the accession number, users are remov-

ing any ambiguity regarding the molecule’s origin species or

isomerism. It also removes any confusion which may arise from

the use of synonyms.

Case study: ADEPT
Antibody-directed enzyme prodrug therapy (ADEPT) is a two-stage

cancer treatment whereby therapeutic agents target and kill
http://www.uniprot.org/ (last accessed 1st February 2010).
d http://www.rcsb.org/ (last accessed 1st February 2010).
e http://www.drugbank.ca (last accessed 1st February 2010).
f http://www.ncbi.nlm.nih.gov/pubmed/ (last accessed 1st February 2010).

http://miaca.sourceforge.net/
http://www.rcsb.org/
http://miaca.sourceforge.net/
http://www.rcsb.org/
http://www.drugbank.ca/
http://www.ncbi.nlm.nih.gov/pubmed/
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tumour cells but inflict minimal damage to normal tissue. A

comprehensive review of ADEPT and its development through

the years are provided here [19].

ADEPT has the potential to overcome drug resistance with

minimal toxicity due to the selectivity of the treatment. The

two main therapeutic components used in ADEPT are:
� a tumour targeting antibody–enzyme delivery system and
� a prodrug which can be converted into its active form by the

enzyme.

To achieve selectivity, an antibody–enzyme is used to catalyze a

prodrug to generate cytotoxicity at tumour sites. The ideal mole-

cular target should be an antigen found in high concentration in

tumour, but not in normal tissue.

Clearance of the antibody–enzyme from blood is a major issue.

The therapy is most effective when the ratio of antibody–enzyme

in tumour to normal tissue is high. Examples of methods to

maximize this ratio include introducing a third component clear-

ing system and post-translational modifications to the antibody–

enzyme to accelerate clearance [22–25].

Amongst the issues to be considered for the ADEPT prodrug are

stability, nontoxicity, and high rate of turnover to active drug by

the antibody–enzyme [26].

The active drug must then either be retained on site, or lose its

cytotoxicity capabilities on leaving the site. Therefore, the drug

must induce DNA damage as soon as it enters the cell. One of the

issues during development that must be considered is the opti-

mum half-life of the drug; cytotoxic drugs with short half lives do

not inflict damage if they leaked out of tumour.

The ADEPT approach has been studied using different targets

[27], tumour targeting antibody–enzymes [28] and prodrugs

[29].

This case study is limited to the set of published ADEPT experi-

ments using MFE-CP [30] or radio-labelled MFE-CP [31] and bis-

iodo phenol mustard prodrug [32,26] as the therapeutic agents,

and carcino-embryonic antigen (CEA) [33] as the therapy target.

We show the extent to which GIATE is sufficient to record the

diverse data types from these ADEPT development experiments.

We provide suggestions about recording data elements not

included in the checklist, and discuss the desirability of extending

GIATE to address these insufficiencies in future.

We show example values from the experiments which have

been collated from publications according to the GIATE checklist.

For space reasons, only sections of data from selected experiments

will be shown (e.g. a pharmacokinetic study in a single anatomy

site instead of data from multiple sites in which data were

observed). The full collated set of data are made available in

spreadsheet format on the Antibody Society Website.

ADEPT molecular target
CEA is an ideal tumour-associated antigen for ADEPT because it is

abundantly expressed in adenocarcinomas, but is minimally

found in normal tissue. This target binds to MFE-CP at the NA1

domain.

Figure 1 shows the ADEPT therapy target recorded to GIATE.

The UniProt ID and URL provided as example value here in

Fig. 1 links to the UniProt knowledgebase and points to the specific

molecule used in this set of ADEPT experiments. UniProt provides

many pieces of information regarding CEA which would be of
interest during the development cycle of ADEPT, such as protein

structure, sequence, mutations, function and location within the

cell, CEA role in protein interactions and pathways, as well as up-

to-date publications.

UniProt also provides links to databases with CEA gene expres-

sion data; this would be of use when the genomic profiles of CEA-

expressing adenocarcinomas are studied, to provide stratified

treatment.

ADEPT therapeutic agents
The two agents used in this set of ADEPT experiments are MFE-CP

and a mustard prodrug. Figure 2 shows ADEPT agents recorded to

GIATE. The URLs point to the molecular experiment from which

MFE-CP stability was obtained, and a publication which describes

the agents in more detail. There is also a URL to NCIt which

provides a definition of the specific prodrug used.

MFE-CP is a recombinant fusion protein expressed by Pichia

Pastoris with post-translational modifications consisting of glyco-

sylation with branched mannose [34]. The components of the

agent are a single chain Fv antibody MFE-23 [35] and carboxy-

peptidase G2 (CPG2).

MFE-CP is an antibody-containing fusion protein; therefore a

user recording data about MFE-CP would be required to provide

information regarding the protein expression system, post-trans-

lational modifications as well as purity and stability of the agent.

Individual components of MFE-CP are recorded separately in

GIATE; as an antibody, MFE-23 can be linked to the international

ImMunoGeneTics information system (IMGT1) [36] online data-

baseg and as a protein, CPG2 to UniProtKB. Figure 3 shows MFE-CP

components’ details recorded to GIATE.

The prodrug used in this set of ADEPT experiments is a mustard

prodrug, its synonyms include N-[[4-[bis(2-iodoethyl)amino]phe-

noxy]carbonyl]-L-glutamic acid or ZD2767P. In this case study, we

have provided a link to the NCIt, but the prodrug can equally be

linked to the DrugBank database to provide more domain specific

information.

ADEPT experiments in molecular models
Experiments in molecular models characterize ADEPT compo-

nents.

Molecular experiment data within GIATE domains

Ref. [37] characterized purified radio-labelled MFE-CP in terms of

affinity binding to CEA and stability. Both properties here are

included in GIATE for describing experiments performed in mole-

cular models. The measure of stability is duplicated in the GIATE

therapy agent module, but more detail can be given here about the

circumstances under which the value was obtained.

Figure 4 shows two ADEPT molecular model experiments’ data

recorded to GIATE. The URL points to the source for protocol

details. The stability value obtained in this experiment forms a link

to GIATE Therapy Agent module (Fig. 2), where the value is

duplicated. A user may therefore accept the results or track the

data to the experiment for more details about how the value was

obtained.
www.elsevier.com/locate/nbt 467
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FIG. 1

ADEPT therapy target recorded to GIATE. Links to UniProtKB provides additional information.
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FIG. 2

ADEPT therapy agents recorded to GIATE. Links to molecular model for source of stability value, PubMed publications and NCI Thesaurus.
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FIG. 3

ADEPT therapy agent (MFE-CP) components recorded to GIATE. Links to UniProtKb and NCI Thesaurus.
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Molecular Models Example Adept Values

Protocol See attached Sharma S K et al. Clin Cancer Res 2005;11:814-825

URL
• http://www.ncbi.nlm.nih.gov/pubmed/15701872

Have studies

Stability Example Adept Values

Agent MFECP 

Bond Example Adept Values

Participants CEA to radio-labelled 125I-MFE-CP

Have studies

Stability Stable for 12 months at -80ºC

Notes
• Measured via SDS-PAGE and Coomassie 
staining

Affinity 78

Notes
• Activated CH Sepharose 4B affinity column, 
Pharmacia Biotech

Unit %

AvidityAvidity

Unit %

FIG. 4

Data from experiments in molecular model recorded to GIATE. Link to publication for protocol details. The Therapy Agent module (Fig. 2) refers to the stability

value obtained in this experiment.
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Molecular experiment data outside GIATE domain

Data from experiments to characterize MFE-CP in terms of yield,

catalytic activity, integrity and identity are outside GIATE domain.

Information on cloning, expression and purification of the murine

MFE-23 [38] and humanized MFE-23 crystal structure [35] are not

addressed in GIATE. Similarly, properties of experiments with gene

fusion to create the protein [39] and subsequent efforts to intro-

duce post-translational modifications by expression in Pichia Pas-

toris [34] are not addressed.

ADEPT experiments in cellular models
In an effort to correlate therapy effects to prodrug production,

DNA damage produced by ADEPT and repair were measured in the

human colorectal tumour LS174T cell line [40].

The activated drug is a nitrogen mustard, it’s mechanism of

action is the production of DNA damage in the form of alkyla-

tion and interstrand cross links (ICLs). This experiment

employed a modified version of the single cell gel electrophor-

esis (comet) assay which allows detection of ICLs after drug

exposure [41].

Tumour growth inhibition studies measured via sulphorhoda-

mine B (SRB) was also conducted.

Cellular experiment data within GIATE domains

GIATE provides elements to describe the cell culture conditions in

this experiment. GIATE also contains agent distribution elements

to address concentration of prodrug, damage and repair (and all

the properties linked to it, e.g. dose regimen, time point and

anatomy from which measurements are taken).
Cellular experiment data outside GIATE domain

Tumour cell growth inhibition as a measure of therapy effect is not

an element of GIATE.

ADEPT experiments in animal models
The main publication on ADEPT testing MFE-CP-Prodrug in ani-

mal models examined the distribution of target CEA in tumour,

stability and pharmacokinetics of agent MFE-CP, and toxicity and

efficacy of the ADEPT approach [37].

Experiments were performed in the animal model with mor-

phologically different human colon carcinoma xenografts from

cell lines LS174T and SW1222.

The presence of target CEA in tumour was confirmed via immu-

nofluorescence. Localisation of agent MFE-CP in tumour and

normal tissues was compared via immunohistochemical and

immunofluorescence images. Finally, the co-localisation of target

and therapeutic agent in tumour was examined via immunofluor-

escence staining.

The elimination half-life of MFE-CP was measured in tumour

and normal tissue; this was used as a measure of enzyme activity in

those sites. Decreased enzyme activity in tissue gave the basis by

which the interval time before prodrug administration, was

selected.

Additional experiments were conducted to investigate the effi-

cacy of single and multi-cycle doses of ADEPT. Pharmacodynamics

was measured in terms of tumour volume, tumour growth delay,

toxicity in terms of mouse weight change over time.

A publication on the pharmacodynamics of the prodrug in the

animal model is [40]. However, the tumour targeting agent used in
www.elsevier.com/locate/nbt 471
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FIG. 5

ADEPT animal model and drug regimen recorded to GIATE.
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these experiments is the F(ab0)2 fragment of A5B7 conjugated to

CPG2, which [37] clears more slowly from plasma. In this pub-

lication, DNA damage and repair were measured by comet assay.

Experiment animal data within GIATE domains

Figure 5 shows ADEPT animal model and drug regimen data

recorded to GIATE. The organism, its phenotype and xenografts

are all elements of GIATE.

Distribution of CEA in tumour (and all the properties associated

with it, e.g. time points and anatomy from which the measure-

ments were taken) are GIATE elements for describing target dis-

tribution in tumour and normal tissues in the animal.

Distribution and elimination half-life of MFE-CP (and all the

properties associated with them, e.g. time points and anatomy

from which the measurements were taken) are GIATE elements for

describing pharmacokinetics in the animal.

Figure 6 shows ADEPT pharmacokinetics of MFE-CP and radio-

labelled MFE-CP in animal model recorded to GIATE. URLs pro-

vided point to supplementary images which show MFE-CP and

CEA distribution in tumour and normal tissues.
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Therapy effect and repair in tumour and normal tissues are

elements of GIATE pharmacodynamic module. Response in

tumour and toxicity to animal are elements in GIATE therapy

outcome module.

Figures 4,5 depict the data elements compiled in GIATE for the

animal model, including dose regimen and pharmacodynamics.

We also show how it is possible to link from GIATE to the specific

images used in the experiments.

Experiment animal data outside GIATE domain

Imaging via immunohistochemistry or immunofluorescence is

used for collecting data regarding localisation and distribution

of agent and target in tumour and normal tissues. In addition,

MFE-CP stability in vivo was confirmed using autoradiolumino-

graphy.

Currently, GIATE provides no specific elements for recording

contents of image data. Although users may provide links to

materials such as publications, spreadsheets and images, and

annotate them with free text, GIATE has no elements to address

the contents of these materials.
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FIG. 6

ADEPT pharmacokinetics in animal recorded to GIATE. Links to images describe MFE-CP and CEA distribution in tumour and normal tissues.
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ADEPT experiments in clinical models
A phase I clinical trial [42] was constructed to establish optimal

variables for single cycle ADEPT for CEA-expressing adenocarci-

nomas. The objectives of this trial were to ensure the safety of MFE-

CP and to determine its safe levels of concentration in blood, to

examine the effects of prodrug dose escalation, to optimise the

MFE-CP dose regimen and the timing of prodrug administration.

The starting dose of MFE-CP is obtained from experiments in

animal models. The starting dose of prodrug is obtained from an

earlier phase I trial [43]. The delivery system in the cited trial is a

conjugate of anti-CEA antibody A5B7 and CPG2, which clears

slower from plasma in comparison to MFE-CP (t1/2 of 14 hours and

0.5 hours, respectively).

Distribution of CEA in tumour sections was given semi-quanti-

tative measurements by scoring immunohistochemistry images

through CEA cell counts.

Distribution of MFE-CP and prodrug on adjacent sections was

similarly measured through counting of CPG2-reactive cells. Dis-

tribution of 123I or 131I–labelled MFE-CP in patient was measured

via gamma camera imaging. The uptake of MFE-CP and its co-

localisation with CEA in tumour was also measured via immuno-

histochemistry in biopsies and confirmed via phosphoimaging.

As in the animal model, elimination half-life of MFE-CP is

obtained to assess enzyme activity in serum samples. Clearance

from circulation via liver, as hypothesised by glycosylation of MFE-

CP is confirmed by single-photon emission computed tomography

(SPECT).

Prodrug concentration in plasma samples taken at various time

points provided the basis from which the complete pharmacoki-

netic profile could be extrapolated using WinNonlin software and

a noncompartmental model. No pharmacokinetic studies are done

on active drug, as its half-life is measured in the order of seconds.

The effects of therapy are measured in terms of DNA damage

and reduction in tumour diameter. Comet assays were used to

measure DNA damage and repair in non-target tissue (peripheral

blood lymphocytes) and where possible damage on tumour biopsy

sections. CT imaging gave measurements of tumour diameter.

Therapy outcome was described in terms of immune response,

disease progression and adverse reactions. Immune response to

human anti-mouse antibodies (HAMA) and human anti-CPG

antibodies (HACA) was measured via enzyme immunoassay

(ELISA). Disease progression gave the number of weeks the patients

had stable disease, and adverse reactions to ADEPT are recorded

with Common Terminology Criteria for Adverse Eventsh (CTCAE)

grades.

Clinical experiment data within GIATE domains

Figure 7 shows ADEPT drug regimen administered to clinical

model recorded to GIATE. The URLs point to the animal model

and a previous clinical trial, where results from those experiments

formed the basis for starting dose value in this trial.

The distribution of target and agent measured through scored

immunohistochemistry can be recorded to GIATE, by providing

both scores and links to image data. Pharmacokinetics of MFE-CP
h http://nciterms.nci.nih.gov/ncitbrowser/pages/vocabulary.jsf?dictionary=

Common%20Terminology%20Criteria%20for%20Adverse%20Events&ver-
sion=4.03 (last accessed 1st March 2010).
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and prodrug as well as pharmacodynamics of the therapy can be

recorded to GIATE. Disease progression and CTCAE grades are

both GIATE elements in the therapy outcome module.

Figure 7 shows ADEPT prodrug pharmacokinetics in clinic

recorded to GIATE. The URLs cite the figures with elimination

and concentration data, respectively.

Figure 8 shows ADEPT radio-labelled MFE-CP pharmacokinetics

in clinic recorded to GIATE. The URL refers to images showing

clearance of the drug from circulation via the liver (Fig. 9).

Figure 10 shows ADEPT therapy effects and outcomes in clinical

model recorded to GIATE, obtained in response to the drug regi-

men recorded in Fig. 7.

Clinical experiment data outside GIATE domains

Distribution of MFE-CP from these experiments can be recorded by

text descriptions but GIATE does not include elements for describ-

ing contents of phosphoimaging, gamma camera imaging and

SPECT data. Similarly, there are no GIATE elements for describing

DNA damage as reported through comet assays. Pharmacokinetic

profile for prodrug was extrapolated from software, but GIATE does

not address properties commonly obtained from such methods,

such as area under the curve (AUC).

There are no specific elements to address immune response but

the data could be recorded under the ‘Therapy Outcome Response’

element of GIATE.

Discussion

GIATE elements describe some models in more detail than others.

The discrepancy in depth of detail between models is illustrated in

Fig. 11. This figure shows example for minimum information or

reporting guidelines which overlap with GIATE, in the molecular,

cellular, animal and clinical models. In comparison to GIATE,

these reporting guidelines cover a greater scope of their respective

models, as they each are more domain specific.

Minimum Information for Biological and Biomedical Investiga-

tion (MIBBI) [44] is a consortium for promoting the use of report-

ing guidelines in the biological sciences domain. Their online

portal currently consists of 34 minimum information and report-

ing guidelines, including GIATE.

For example, Minimum Information about Molecular Interac-

tions (MIMIx) [45] is a reporting guideline for molecular interac-

tions, Minimum Information About Cellular Assay (MIACA)i for

cell assays and Minimum Information About Mouse Phenotyping

Procedures (MIMPP) [46] for mouse models. CONSORT [47] is the

reporting guideline developed for clinical trials.

In the molecular model domain, many properties from experi-

ments to develop and characterize the therapeutic agents are not

included in our checklist even though these experiments were

essential to the development of ADEPT.

GIATE is developed foremost as a checklist for therapy experi-

ments, the scope of GIATE includes the issues of disease, therapy

and effects. Many development aspects of the therapeutic compo-

nents fall outside this remit, properties as stability and binding

which are more immediately relevant to the therapy domain and

are included in GIATE.
i http://miaca.sourceforge.net/ (last accessed 1st March 2010).

http://miaca.sourceforge.net/
http://miaca.sourceforge.net/
http://miaca.sourceforge.net/
http://miaca.sourceforge.net/
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FIG. 7

ADEPT clinical model and drug regimen recorded to GIATE. Links to source experiments in animal and human, where results formed basis for starting dose value in

this trial.
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FIG. 8

ADEPT prodrug pharmacokinetics in human recorded to GIATE. Links to specific sections of cited publication.

476 www.elsevier.com/locate/nbt

R
eview



New Biotechnology �Volume 28, Number 5 � September 2011 REVIEW

[()TD$FIG]

FIG. 9

ADEPT pharmacokinetics data human recorded to GIATE. Links to specific images in cited paper.
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We suggest researchers who wish to report to guidelines with

more details refer to domain specific reporting guidelines. Record-

ing to domain specific guidelines confers the ability to include a

greater depth of detail, reporting to GIATE allows linking between

models. As both have their use in recording therapy experiments,

we intend to address this by building links from GIATE to modules

containing other reporting guidelines.

GIATE’s ability to link diverse data types enables interesting

queries to be made. These queries can be made during and after the

development lifetime of a new therapeutic for problem solving or

for new knowledge generation.

Examples of queries include:
� ‘What’-type queries

� What was the affinity and avidity of the antibody to target

measured in molecular model?

� What is the homology of the molecular target in animal, to

the target in human?
478 www.elsevier.com/locate/nbt
� ‘Compare’-type queries

� Compare effect/repair/cytotoxicity after therapy in target

tissue to non-target tissue (e.g. tumour to plasma/liver/other

anatomy).

� Compare the pharmacologic substance’s elimination half-

life in animal, to its elimination half-life in human.

� ‘How’-type queries

� How do drug regimen and toxicity studies in animal affect

Minimal Anticipated Biological Effect Levels (MABEL) in

human?

� How do germline mutations in the cell line relate to therapy

outcome in human?

We are working on developing elements to describe properties

of supplementary materials. For example, it would be useful to

have properties to describe the reason a publication was cited [48].

This gives GIATE the ability to track provenance in terms of both

data and research backgrounds.
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FIG. 11

GIATE domain in therapy experiment data. Examples of domain overlaps are
given illustrated with MIMIx, MIACA, MIMPP and CONSORT.
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There are various data standards for imaging [49,50], but a

checklist of properties to describe the content of image regardless

of platform, in terms of therapy would be unique. Examples

include the registration of localisation of agent in tumour, co-

localisation of agent and target and changes in tumour diameter.

Theadditionof imagingproperties to GIATE allowqueries such as
� Which pharmacokinetic study is linked to outcomes with

images which register changes in tumour diameter?
� Is it possible to correlate a gene expression profile to an image

which registered a decrease in tumour volume?

As mentioned in previous sections, the extent of user uptake on

GIATE will depend strongly on the clarity and user friendliness by

which the reporting guideline is presented.

To this extent, we are working on creating a digital lab-notebook

which allows users to collect data in adherence to GIATE. The

notebook programme saves the data in the form of XML files, and

allows users to generate a summary of their GIATE experiments in

PDF.

In addition, we have developed GIATE-TAB, which is GIATE in a

spreadsheet format.

Finally, we are working on developing GIATE Ontology. An

ontology is a formal representation of a knowledge domain, which

can be read and ‘understood’ by computer programmes. The

advantage of developing GIATE Ontology is that all links between

data elements are then made explicit, which permits greater clarity

regarding the interdependence between data elements. A form of

automated reasoning can be used to then ensure that the repre-

sentation of the domain is valid.
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