
Introduction

It is now well accepted that the pharmaceutical
industry is failing in its attempts to identify safe
and effective new medicines for the treatment of
human disease (1). There are many reasons for
this difficulty, but one key problem is undoubt-
edly the pivotal role played by experimental ani-
mals and animal models of human disease (2).
While the most widely used species in safety and
toxicity testing are the rat and the dog, an objec-
tive assessment of their predictive value with
regard to safety in human patients is unimpres-
sive and, in some cases, the predictions obtained
are downright misleading (3–5). In the face of
this unreliability, companies resort to the use of
non-human primates as human surrogates, but,
in many cases, they have proved to be as unreli-
able as non-primate species (2, 6). This issue was
clearly highlighted by the failure of tests in non-
human primates to predict the catastrophic
effects of the CD28-SuperMAB, TGN1412, in
human volunteers (7). As the drugs in question
are intended for human use, it seems obvious
that the most appropriate models in which to
evaluate efficacy and safety should be human-
based and, in view of the industry’s problems, it
is unclear why more effort is not channelled in
this direction.

Human-based Studies: What Can Be
Done?

The key questions are, of course, what human-
based studies are feasible, and how can they be
performed? Human-based studies can be classified
into three broad categories: in vivo, in silico, and in
vitro. The first two are increasingly being used,
with some success.

— In vivo: Information as to the likely metabolism
of a new drug, indicating possible safety issues
in patients, can be determined at an early stage
through the use of microdosing in human vol-
unteers. This involves the testing, in humans,
of doses about 100-fold lower than the antici-
pated minimum therapeutically-active dose (8,
9). Microdosing, in association with sensitive
accelerator mass spectrometry (AMS) technol-
ogy, has been shown to be capable of providing
valuable insight into the way a drug is likely to
be handled by the body when dosed within the
therapeutic range. Although this approach has
only been introduced relatively recently, there
is growing evidence of its predictive value (10).
It is significant that the Food and Drug
Administration (FDA) is now welcoming
exploratory Investigational New Drug (IND)
submissions as a way of accelerating the drug
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development process and, within this system,
microdosing data are specifically accepted (11). 

— In silico: At the other end of the scale, a compu-
tational approach, through the use of predictive
in silico models built on real toxicological data,
can be highly effective in identifying risk. There
are now many systems that are commercially
available (12), and evidence is emerging that
these can provide early and accurate indica-
tions, not only about safety (13, 14), but also
concerning efficacy issues (15–18). There is lit-
tle doubt that such computational approaches
will offer ever greater insights into potential
efficacy and safety. The issue with in silico mod-
els is that they are only ever as good as the data
on which they are based, and this would argue
for an extension of human biology-based test-
ing, both in vivo and in vitro. 

— In vitro: An area that is particularly neglected
is the evaluation of function in isolated human
cells and tissues. The cell and tissue types
available for such studies are theoretically
unlimited, and the technologies that may be
applied to them are extensive and ever-expand-
ing. However, despite these attractions, rela-
tively limited use is currently made of them,
and the pharmaceutical industry shows little
sign of moving further in this direction. There
are a number of reasons for this apparent lack
of enthusiasm, including: a) the difficulty in
predicting activity, in the complex integrated
system that is the human body, from studies on
human isolated tissues; b) the absence of con-
vincing evidence that human tissue-based
methods are more reliable than the current ani-
mal-based tests; c) the current requirement of
the regulatory authorities for animal-based
data; and d) the lack of adequate access to the
necessary tissues to support a human tissue-
based strategy. While each of these objections is
understandable, none is insuperable.

Extrapolation from In Vitro to In Vivo

In many cases, in vitro to in vivo extrapolation may
not be as difficult as is supposed, and important
advances have been made in this direction. In a
recent paper, methods involving a combination of
in vitro and in silico testing for the prediction of in
vivo nausea and vomiting, have proved to be suc-
cessful (19). Significant advances are also being
made in the use of microfluidics, which allows
quite complex systems to be constructed, encour-
aging the interaction of a range of contributory
cell/tissue types in the investigation of drug metab-
olism (20, 21). This will undoubtedly be extended
into measurements of function, facilitating the

exploration and prediction, not only of clinical
pharmacokinetic parameters, but also of pharma-
codynamic parameters. Isolated cell types in co-
culture or in tissue reconstructions can also
provide useful insight into how a drug is likely to
be handled in vivo. It is true that there will be
physiological systems that prove resistant to mod-
elling in vitro, and, in such cases, animal models
may continue to be the most effective route for-
ward. However, where this is the case, parallel
human/animal in vitro tissue studies should be
performed, to ensure that the chosen animal
species will yield results that are as relevant as
possible to humans. 

Evidence that Human-based Tests 
Offer Any Advantages

While, in many cases, the demonstration of supe-
rior predictive power is lacking, this is arguably
because there have been few proper comparative
studies. The Safer Medicines Trust has been lob-
bying for such a study to be performed, and this
has stimulated the drafting of The Safety of
Medicines (Evaluation) Bill, advocating the per-
formance of a proper systematic comparison.
Although the original Bill was not afforded parlia-
mentary time for debate in that session, it was re-
launched as a Ten Minute Rule Bill — the Safety of
Medicines Bill 2011, due for a second reading on
the 22 October 2010 — and supported by Early
Day Motion 475, Safety of Medicines. It remains to
be seen whether this challenge will be taken up by
the Department of Health and the pharmaceutical
industry.

Availability of Necessary Tissues

Human tissues can be acquired for bona fide
research purposes, and there are an increasing
number of tissue banks from which these may be
obtained. The tissues are almost exclusively
acquired following therapeutic surgical removal or
post mortem, at autopsy. While such samples are of
considerable value, they do not supply what is
required, if human tissue approaches are to suc-
cessfully replace animal-based methods. The cur-
rent retrieval procedures, surgical or post mortem,
suffer from various limitations. For example:

— Only certain tissue types are removed surgi-
cally, thus many tissues can seldom, if ever, be
obtained post-surgery.

— The tissue sample requirements of the patholo-
gist, for record or diagnostic purposes, dictate
that only small samples of tissue can be
acquired by the surgical route.
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— Tissue obtained post-surgery is usually dis-
eased — that is why it is being removed. It is,
therefore, virtually impossible to obtain true
healthy control material by this means.

— Tissues obtained post mortem, while much
wider in tissue type, are compromised in that
there is inevitably a post mortem delay, which is
seldom less than 12 hours and can often be
36–48 hours. Such tissues are physiologically
compromised, and rarely in a viable condition,
making them useless for functional studies.

— The bulk of post mortem tissue donors are eld-
erly, and, as such, are unrepresentative of the
patient population as a whole.

— Considering both retrieval procedures, and the
low frequency and irregularity of the supply,
these factors do not support the consistent
availability that would be required to maintain
a systematic human tissue-based test strategy.

Tissues from heart-beating donors: 
A possible solution

While the constraints represented by the sourcing
of research tissue from surgery and post mortem
seem highly limiting in terms of what can be
achieved through the use of human tissue-based
test methods, it need not be so. Such limitations
could be minimised, or avoided completely, simply
by mobilising an additional source of human tis-
sue, namely, heart-beating (brainstem dead) organ
donors. These donors are currently the primary
source of organs for transplantation, but there
seems to be no reason why any organs/tissues that
are not required for transplant, could not be
retrieved for research. Access to such material for
research could potentially overcome all of the limi-
tations associated with surgically-derived and post
mortem-derived tissues. At present, access to such
tissues is relatively infrequent and sporadic, and,
while attempts have been made to improve access
to this source of research tissue, they have had
only limited success.

In 1999, an organisation was established to
acquire and distribute donated human tissues for
research, including those from heart-beating organ
donors. This was the UK Human Tissue Bank
(UKHTB). Ten years later, it closed its doors,
partly through lack of support. The UKHTB’s prob-
lem was that their rate of acquisition of many key
human tissues for research proved inadequate to
support the various potential users, meaning that
human tissue-based programmes could take
months to complete. As a result, researchers
decided that human tissue studies could not con-
stitute a key element in their discovery and devel-

opment programmes, since speedy access to devel-
opment-critical data is of critical importance. As
interest in human tissue work declined, demand
for the UKHTB’s services declined with it. This is
essentially a vicious circle of inadequate supply
leading to decline in demand, and a lack of ability
to invest in improving supply.

The fact is that, for human tissue work to suc-
ceed, it must be seen as ‘need to have’ rather than
simply ‘nice to have’, and this will only come about
if it becomes a regulatory requirement. But,
because of its poor perception and its inadequate
supply, little work is being undertaken to establish
methodologies that could represent better means
of establishing drug efficacy and safety. Therefore,
the greatest immediate need is to ensure that tis-
sue supply is adequate for the task. This could only
be attained if the key stakeholders, namely the
Department of Health, National Health Service
Blood and Transplant (NHSBT), the pharmaceuti-
cal industry and the British public, were all con-
vinced this is the way forward, and they were
prepared to work together to achieve it.

The potential supply of human tissues by this
route is considerable. In the 12 months to 31
March 2009, 3,513 organ transplants were per-
formed, but this left a further 7,877 patients still
on the waiting list (23). Significantly, the numbers
of patients waiting for organ transplants is
increasing year-on-year, and, by 3 September
2009, despite continuing transplantation, the
number of those waiting had increased to 8,098
(23). The UK NHSBT is clearly not keeping up
with demand. A plan needs to be devised that
works to the benefit of all the stakeholders. A
scheme to address the interests of all the stake-
holders might take the following form:

— The National Health Service (NHS) commits to
assisting the pharmaceutical industry to make
more tissues available for research. It might do
this by supporting existing tissue banks, and by
requiring that the NHSBT is responsible for the
recovery, not only of transplantable organs from
heart-beating organ donors, but also of a wide
range of other tissues, as required by the
research community. 

— Consent for research use will have to be assured
for all retrieved tissues. This requires that the
public are educated as to the value, and indeed,
the necessity, of this source of tissue for secur-
ing the future of pharmaceutical research. 

— The pharmaceutical industry must pledge to
support this initiative, either through direct
grants to the NHSBT and/or by funding the
NHSBT, such that the NHSBT receives indus-
try funding at a level that covers the true cost of
tissue recovery, including the support of

A human approach to drug development                                                                                                             23



enhanced recovery teams and the infrastruc-
ture required to coordinate retrieval, storage
and distribution.

— The Government and the NHS will have the
necessary role of educating the public as to the
importance of their participation, as their con-
sent will be a key element. Fortunately, follow-
ing the demise of UKHTB, the resource that it
represented is now being provided by another
organisation, and it is hoped that access to, and
hence interest in, human tissues for research
will ensure the viability of this operation (24).

Conclusions 

The benefits to the various stakeholders of
increased heart-beating organ and tissue donation
can be summarised as follows:

— Researchers: Access to adequate supplies of
human materials, necessary to enable human-
based efficacy and safety tests to be developed,
and for the furtherance of drug discovery and
development.

— Department of Health and NHSBT: Input from
the pharmaceutical industry community to sup-
port organ/tissue recovery services, increasing
their capacity to perform their primary respon-
sibility of organ and tissue transplantation.

— Pharmaceutical industry: Improved access to
human biological test methods, resulting in an
increased capability to develop and market safe
and effective new medicines, and a concomitant
reduction in the financial and public relation
costs associated with conducting work on ani-
mals. 

— Public: An increase in the numbers of trans-
plants performed, increased delivery of safe,
effective and affordable new medicines, and a
decrease in the numbers of experimental ani-
mals used by the pharmaceutical industry. 

References

1. Garnier, J.P. (2008). Rebuilding the R&D engine in
big pharma. Harvard Business Review 86, 68–70,
72–76, 128.

2. Greaves, P., Williams, A. & Eve, M. (2004). First
dose of potential new medicines to humans: How
animals help. Nature Reviews Drug Discovery 3,
226–236.

3. Olson, H., Betton, G., Robinson, D., Thomas, K.,
Monro, A., Kolaja, G., Lilly, P., Sanders, J., Sipes,
G., Bracken, W., Dorato, M., Van Deun, K., Smith,
P., Berger, B. & Heller, A. (2000). Concordance of
the toxicity of pharmaceuticals in humans and in
animals. Regulatory Toxicology & Pharmacology

32, 56–67.
4. Pound, P., Ebrahim, S., Sandercock, P., Bracken,

M.B. & Roberts, I. (2004). Where is the evidence
that animal research benefits humans? BMJ 328,
514–517.

5. Knight, A. (2008). Systematic reviews of animal
experiments demonstrate poor contributions
toward human healthcare. Review of Recent
Clinical Trials 3, 89–96.

6. Bailey, J. (2005). Non-human primates in medical
research and drug development: A critical review.
Biogenic Amines 19, 235–255.

7. Suntharalingam, G., Perry, M.R., Ward, S., Brett,
S.J., Castello-Cortes, A., Brunner, M.D. & Panosk -
altsis, N. (2006). Cytokine storm in a phase 1 trial
of the anti-CD28 monoclonal antibody TGN1412.
New England Journal of Medicine 355, 1018–
1028.

8. Lappin, G. & Garner, R.C. (2003). Big physics,
small doses — the use of AMS and PET in human
microdosing of development drugs. Nature Reviews
Drug Discovery 2, 233–240.

9. Sandhu, P., Vogel, J.S., Rose, M.J., Ubick, E.A.,
Brun ner, J.E., Wallace, M.A., Adelsberger, J.K.,
Baker, M.P., Henderson, P.T., Pearson, P.G. &
Baillie, T.A. (2004). Evaluation of microdosing strate-
gies for studies in preclinical drug development:
Demonstration of linear pharmacokinetics in dogs of
a nucleoside analog over a 50-fold dose range. Drug
Metabolism & Disposition 32, 1254–1259. 

10. Combes, R.D., Berridge, T., Connelly, J., Eve, M.D.,
Garner, R.C., Toon, S. & Wilcox, P. (2003). Early
microdose drug studies in human volunteers can
minimise animal testing: Proceedings of a work-
shop organised by Volunteers in Research and
Testing. European Journal of Pharmaceutical
Science 19, 1–11.

11. Center for Drug Evaluation and Research (2005).
Guidance for Industry, Investigators and Review ers:
Exploratory IND Studies. Draft Guidance.
Bethesda, MD, USA: US Department of Health and
Human Services Food and Drug Administration.
Available at: http://www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformation/
Guidances/ucm078933.pdf (Accessed 28.09.09).

12. Cronin, M., Enoch, S., Hewitt, M., Madden, J.,
Roberts, D. & Rowe, P. (2007). Computational pre-
diction of toxicity and metabolic transformation.
Liverpool, UK: Liverpool John Moores University.
Available at: www.ebi.ac.uk/Information/events/
therapeutic/doc/M_Cronin.ppt (Accessed at 28.09.09).

13. Jensen, G.E., Niemela, J.R., Wedebye, E.B. &
Nikolov, N.G. (2008). QSAR models for reproductive
toxicity and endocrine disruption in regulatory use
— a preliminary investigation. SAR & QSAR in
Environmental Research 19, 631–641.

14. Li, H., Sun, J., Fan, X., Sui, X., Zhang, L., Wang, Y.
& He, Z. (2008). Considerations and recent
advances in QSAR models for cytochrome P450-
mediated drug metabolism prediction. Journal of
Computer-aided Molecular Design 22, 843–855.

15. Brightman, F.A., Leahy, D.E., Searle, G.E. &
Thomas, S. (2006). Application of a generic physio-
logically based pharmacokinetic model to the esti-
mation of xenobiotic levels in human plasma. Drug
Metabolism & Disposition 34, 94–101.

16. Gedeck, P. & Lewis, R.A. (2008). Exploiting QSAR
models in lead optimization. Current Opinion in
Drug Discovery & Development 11, 569–575.

24                                                                                                                                          R.A. Coleman



17. Leist, M., Hartung, T. & Nicotera, P. (2008). The
dawning of a new age of toxicology. ALTEX 25,
103–114.

18. Zhang, H., Chen, Q.Y., Xiang, M.L., Ma, C.Y., Huang,
Q. & Yang, S.Y. (2009). In silico prediction of mito-
chondrial toxicity by using GA-CG-SVM approach.
Toxicology in Vitro 23, 134–140.

19. Holmes, A.M., Rudd, J.A., Tattersall, F.D., Aziz, Q.
& Andrews, P.L. (2009). Opportunities for the
replacement of animals in the study of nausea and
vomiting. British Journal of Pharmacology 157,
865–880.

20. Baudoin, R., Corlu, A., Griscom, L., Legallais, C. &
Leclerc, E. (2007). Trends in the development of
microfluidic cell biochips for in vitro hepatotoxicity.
Toxicology in Vitro 21, 535–544.

21. Yang, S.T., Zhang, X. & Wen, Y. (2008). Micro -

bioreactors for high-throughput cytotoxicity assays.
Current Opinion in Drug Discovery & Development
11, 111–127.

22. Anon. (2009 last update). The Safety of Medicines
(Evaluation) Bill 2008–09. London, UK: UK Parl -
iament. Available at: http://services.parliament.uk/
bills/2008-09/safetyofmedicinesevaluation.html.
(Accessed 27.09.10).

23. NHS Blood and Transplant (undated). NHSBT —
Organ Donation Homepage. London, UK: NHS
Blood and Transplant. Available at: http://www.
uktransplant.org.uk/ukt/ (Accessed 27.09.10).

24. Abcellute (2010). Abcellute Tissue Bank Homepage.
Welwyn Garden City, Herts., UK: Abcellute Ltd.
Available at: http://www.abcellutetissuebank.org/
(Accessed 27.09.10).

A human approach to drug development                                                                                                             25


