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The organisation of cancer research is critical to its overall creativity and productivity. Can-
cer centres are a major organisational structure for this research, however, little is known
about their effect on research or how national policy-making intersects with this complex
policy nexus. This study of the evolution of United Kingdom cancer centres (UKCC), part of
a wider European and United States programme, uses a bibliometric analysis of research
activity prior to the creation of the NCRI and after its formation (1995-2004/5). In terms
of critical research mass UKCC are very heterogeneous with a fourfold difference between
the top and bottom quintiles. UK centres published just over one eighth of the total UKCC
in 1995 but almost a quarter by 2004. This centrification occurred in the absence of any
national strategy. Overall these centres conduct more fundamental (laboratory-based)
research than that being conducted in the wider network but this hides major heterogene-
ity. UKCC collaborate with European investigators in 5-28% of all their outputs and with
USA the range is between 6% and 21%. We have also derived new measures of research
impact on clinical management and the general public as well as the impact of national
policy on research assessment for certain types of cancer research.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Cancer research is one of the most heavily funded and ac-
tive research areas of science.* Its trajectory over the last

The organisation of cancer research into centres is one of the
key determinants of progress and future impact on patient
outcomes. The shape of the national cancer research base is
to a great extent influenced by these centres.™” An objective
understanding of how and what research is actually being
conducted, rather than ad hoc opinions, is essential for both
the strategic direction of the centres and national/supra-na-
tional planning. Indeed, with the development of cancer cen-
tre strategies by national funders as well as the OECI-led
European accreditation scheme for such centres, there are
pressing needs for high quality strategic intelligence.?

50 years has been driven by the biological revolution and in
almost every developed country it has been the subject of
specific federal mandates. The organisation of this research
activity through centres and networks has been vast. How-
ever, despite expenditures estimated to be in the hundreds
of billions of dollars and vast human capital costs, little
empirical work has been conducted to understand the various
types and systems of cancer centre organisation and its im-
pact on research. Whilst the United States has the most
evolved organisation of cancer centres Europe is rapidly
catching up, although with a very different approach. The

* Corresponding author: Address: Centre for Global OncoPolicy King’s Health Partners Integrated Cancer Centre Section of Research
Oncology, Bermondsey Wing Guy’s Hospital, Great Maze Pond, London SE1 9RT, UK. Tel.: +44 020 7188 3027; fax: +44 020 7188 0919.

E-mail address: richard.sullivan@kcl.ac.uk (R. Sullivan).
¢ These authors have contributed equally to this work.

0959-8049/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ejca.2010.10.015


http://dx.doi.org/10.1016/j.ejca.2010.10.015
mailto:richard.sullivan@kcl.ac.uk
http://dx.doi.org/10.1016/j.ejca.2010.10.015
http://dx.doi.org/10.1016/j.ejca.2010.10.015
http://dx.doi.org/10.1016/j.ejca.2010.10.015
www.sciencedirect.com
http://www.ejconline.com

EUROPEAN JOURNAL OF CANCER 47 (2011) 536-544 537

USA cancer centres model has developed through a top-down
Pultizer’s ‘iron triangle’ approach whereas Europe with its
predominantly social healthcare has seen a more bottom-up
trajectory.” Across the EU-27, the development of cancer cen-
tres and research has been very variable with multiple factors
at work. Certain countries such as the United Kingdom have
in the last decade rapidly driven cancer research as a major
national priority. De facto UK cancer centres have been at
the forefront of these developments. Indeed the UK in terms
of per capita and/or as a percentage of GDP is now the most
heavily funded country for cancer research in Europe. The
UK thus provides an ideal opportunity using objective well-
validated approaches, such as in this case scientometrics,®
to study research activity within the context of centres and
relate this to evidence- based policy-making. The same meth-
odologies that have been used to study the impact of cancer
research on public knowledge (media)’ and clinical practice
(through cancer clinical guidelines)® can also be used to objec-
tively study the state and evolution of research within major
cancer centres. Furthermore, the well-documented socio-cul-
tural and socio-political changes to the UK cancer research
community provide a well documented policy context.

In this paper, we seek to understand how cancer research
actually maps to major centres and how this relates more
broadly to policy-making both within and outside the do-
main of cancer. Furthermore, we seek to understand
whether cancer research is self-organising and whether it
is really in need of hierarchial strategies; how centres devel-
op research themes, and whether these are divergent or con-
vergent processes. And lastly what strategies should centres
and national/supra-national organisations take to drive crea-
tivity in cancer research and innovation in technology. The
centres studied are all the top research output locations in
the UK (note: many additional centres have high service vol-
umes but very low research activities) and the time period
(1995-2004) reflects a balance between activity in the pre-
NCRI period (up to 2000/01) and activity in the post NCRI
period.

2. Methodology

2.1. Outputs

Papers were selected from the Science Citation Index (SCI), CD-
ROM version, for publication years 1995-2004; only articles
and reviews were included. Papers were selected on the basis
of both the names of the individual researchers associated
with each of the research institutions and the name of the
institution or its city. Due account was taken of the tendency
of some researchers to use more than one set of initials. Some
of the address terms were very simple — just the name of the
city, sometimes with the requirement for the city to be in Eng-
land so as to exclude some US and Canadian papers - and
some were quite complex in order to distinguish the various
London centres. The total tally of papers was 5192 but this in-
cluded some duplicates where two (or more) centres had col-
laborated. The total of unique papers was 5048. Of the total
tally, 395 papers were reviews (7.6%); this is a similar percent-
age to that of reviews in cancer papers globally (7.5% in 2004)°;
Fig. 10).

2.2. Research level

This is a measure of the degree that a research paper (out-
put) is ‘basic’ or ‘clinical’. The research level of a group of
biomedical research papers can be measured in two ways:
by reference to the journals in which they have been pub-
lished and by reference to the presence of ‘clinical’ or ‘basic’
words in the titles of the individual papers. The allocation of
journals to research level was performed on the basis of such
words in all the papers that they published that had a bio-
medical address term. Clinical journals were categorised as
RL j=1 and basic research journals as RL j=4, by analogy
with the system previously developed by CHI Research
Inc.’® The research level of groups of papers can also be cal-
culated independently of the journals in which they are pub-
lished. Papers with a clinical word in their title are counted
as unity, the ones with a basic word as four, and the ones
with both as 2.5. The total is then divided by the number
of papers so classified (typically about 70% of the total) to
give a value for RL p, which is also a number between 1
and 4, usually close to, but not the same as, RL j. This is be-
cause some institutions and researchers publish either more
clinical or more basic papers than the average for the jour-
nals that they have chosen.

2.3. Potential and actual citation impact

Potential citation impact was defined as the expected number
of citations to be received by a paper, on the assumption that
it is cited with the average frequency for papers in that jour-
nal (and year). A 5-year citation window has been used, i.e.
the year of publication and four subsequent years. This
time-span is a compromise between the need to allow cita-
tions to peak (typically in the second or third year after pub-
lication) and the need to have recent data. Each journal has
a Potential Citation Impact (PCI) value, based on a file pro-
vided originally to The City University by Thomson Scientific.
Each paper was characterised by its PCI, with a very few
exceptions (papers in new journals for which 5-year citation
scores were not available). For each institution and individual
researcher, the mean value of PCI was determined. This value
can be compared with the mean for the whole set of papers
and also with the mean PCI for all cancer research papers
from the UK and from the world output. These papers were
extracted from the SCI because they were published in cancer
journals or had a cancer title word (or both). The ONCOL ‘fil-
ter’ was developed and has a precision (specificity) of 95%
and a recall (sensitivity) of 90%.

In order to evaluate the ACI for the papers from UK Clinical
Centres and their researchers, it would theoretically be neces-
sary to determine citation scores for the world cancer papers
for 1995-2004. Since there are over 200,000 papers in this set,
it is not practical with limited resources to count citations to
all of them, and we need to take samples. There are two ways
in which samples may be taken: purely randomised or struc-
tured based on selection of every nth paper when they are or-
dered in some appropriate way, such as descending ACI
values. For simplicity, a random sample of 1000 papers from
year 1998 were chosen, of which it turned out that there were
82 from the UK and 411 from the USA. These are close to the
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numbers that would be expected, based on the respective per-
centage presences of 8.2% and 39.5% based on integer counts.
2.4. International collaborations

The last additional task was to measure the amount of inter-
national co-authorship for the different UK centres. This is
normally measured in terms of integer counts, e.g. if a centre
has published 100 papers of which 25 have one or more for-
eign addresses, then the international collaboration index

would be 25%. This is simpler to understand than to deter-
mine the fractional count total as a percentage of the integer

800

count total. [A paper with one address from centre A and two
from another country, B, would count unity for each on an
integer basis, but 0.33 and 0.67 respectively on a fractional
count basis.|

3. Results

Whilst both UK oncology and biomedical outputs have re-
mained relatively static over the decade of this study, outputs
from major UK research active cancer centres have continued
to rise similar to those of continental European centres. Their
world-share of cancer research outputs has remained steady
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Fig. 1 - Trends in output from all UK cancer centres (UKCC) (n = 20) compared to all oncology output from the UK (ONCOL) and
all biomedical output from the UK (BIOMED). Note: ONCOL and BIOMED output have been divided by 5 and 50 respectively.
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Fig. 2 - Total cancer specific outputs of top 14 UK cancer centres (anonymised) shown as integer and fraction counts terms

between 1995-2004.
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and/or declined, depending on the Member State, as a result,
mostly of the competition from emerging cancer research na-
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Fig. 3 - The Research Level (RL) of outputs from individual
UKCC. Comparison of RL of journals and papers.

tions in East Asia. Overall our data have shown that the ‘cen-
tralisation’ [what does this mean?] of cancer research is an
organisational trend that has been going on for at least
12 years and has progressed independently of any ‘top-down’
strategic direction. UK CCC output was about a quarter of the
UK total in 2004, whereas it was barely one eighth in 1995, see
Fig. 1.

There is a big range in the absolute research output of cen-
tres, whether on an integer or fractional count basis. Thus
there is an eight-to-one ratio between the largest and the
14th largest centres in Fig. 2. Interestingly, the correlation
with designated ‘academic’ principal investigators and/or re-
search income in many centres is low suggesting the input-
output model is too simplistic to describe or frame such con-
cepts of what a ‘critical mass’ of research really is. We have
found that a major index that is needed is patient recruitment
into cancer research projects (here it is essential to weigh this
properly against type of research project). However, the com-
parable data are very hard to obtain and many centres do not
report like-for-like activities. Furthermore, trial recruitment
beyond first-in-man is an emergent property of networks
rather than centres.
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Fig. 4 - The cumulative research level (1995-2004) aggregated for UKCC compared with overall UK oncology output (UK
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Whilst all the UK cancer centres provide substantial clini-
cal service delivery the focus of their research portfolios var-
ies widely from an aggregate score that places them as
predominantly concerned with fundamental cancer science
to centres whose aggregate portfolio scores make them very
applied. For example, the mean output of one centre at RL
j = 3.6 corresponds to Molecular Cancer Research and of another,
at RL j = 2.1, to Anti-Cancer Drugs, see Fig. 3.

However, in comparison to cancer research activities being
conducted in the wider NHS i.e. outside the major centres, in
this study the overall research levels of all the centres com-
bined were much more orientated towards basic science,
see Fig. 4. The median RL j for the CCCs was 3.2 (cf. BMC

Cancer) whereas it was RL j=2.0 (cf. Oral Oncology) for the
whole UK cancer research output.

Aggregating research outputs from all UK cancer centres,
we found that those ones focused on either basic cancer biol-
ogy or highly clinical research (e.g. clinical trials of regimen A
versus regimen B) received the highest aggregate citations,
Fig. 5. However, translational research as well as prevention
and other important areas appeared to fall into a lower ‘cita-
tion valley’. Although this is only one ‘measure’ of research
quality it demonstrates the difficulty of making value judge-
ments of research based solely on counting citations.

Furthermore, as expected, those centres with a greater
emphasis in their research portfolios on basic cancer research
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do much better in terms of their potential citations (PCI) than
those with a more translational/clinical focus, with one sig-
nificant exception. However, there is a large range of citation
impact arising from the latters’ publications, from 15 to 25
citations over 5 years, see Fig. 6.

Fig. 7 shows that the centres almost all perform better on
their mean ACI when it is calculated on an integer count as
compared with a fractional count basis. This is because the
most-cited papers tend to be the product of collaborative

work, often international. There is a big variation in these
ACI values, from 14 to 52 cites in 5 years on an integer basis
and from 10 to 49 cites on a fractional count basis.

There are other ways of gauging a centre’s impact. One
such approach is the use of esteem markers. This is the first
of the non-conventional indicators of the centres’ ‘esteem’
and it uses the percentage of reviews (PR) as a surrogate mar-
ker for the number and hierarchical ranking of the centres’
principal investigators (essentially a judgement of ‘reputa-
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tion’, Lewison, 2009). Two trends are observed. First this per-
centage increases steadily with time and second, the value
for UK cancer centres is mostly above the world oncology per-
centage, see Fig. 8.

The understanding of research relationships is another
advantage of bibliometrics. There are somewhat more papers
co-authored with EUR15 [i.e. the EU15, minus the UK and plus
Switzerland] than with the USA but this is not so for all cen-
tres, see Fig. 9. Co-authorship with the USA shows one mea-
sure of esteem; co-authorship with the EUR15 countries is
probably based on competitive EU programmes and is there-
fore also a useful mark of influence. Many of these collabora-
tions are very durable and show no ‘strategic’ pattern, i.e.
they emerge as a result of some institutional and/or research
funding organisational strategy, or from personal links and
contacts, often resulting from the European Commission’s
‘co-ordinated action’ programmes.

Fig. 10 introduces two new indicators of a centre’s impact,
namely the percentages of their papers that are cited on a set
of 43 UK cancer clinical guidelines and in stories appearing on
the BBC website. These show the relative impact of the cen-
tres’ research on recommended clinical practice both in Eng-
land and Wales and in Scotland, and on public perceptions of
cancer research, which are of increasing importance. We have
found substantial variation in the propensity of papers origi-
nating from UK cancer centres to be cited on guidelines and in
the media. There does not appear to be a correlation with the

conventional citation impact of the papers, nor indeed with
the size of the centre.

4, Discussion

The UK has seen major socio-political changes to the cancer
funding and organisational landscape in the last 15 years. Un-
til the late nineties service was delivered through a frame-
work set by the Calman-Hine report.' Research was a
networked function loosely organised through the UKCCR
and funded through two charities (the Cancer Research Cam-
paign [CRC] and the Imperial Cancer Research Fund [ICRF])
and one governmental funder (mostly Medical Research
Council with some Department of Health). With the change
of government in 1997 there was a radical re-structuring of
the landscape both from a service perspective - the NHS Can-
cer Plan etc. - and from the funders with the creation of Can-
cer Research-UK (a merger between the ICRF and the CRC)
and the formation of the National Cancer Research Institute.
Although there has been no national cancer centre strategy
the UK has seen the growth of cancer centres and there is evi-
dence that the broad and substantial changes to research
funding in 2000/1 helped this process along. However, what
is clear is that other market forces, a sort of Adam Smith
‘Invisible Hand’ effect, have mostly driven the emergence
and development of UK cancer centres. This cancer ‘invisible
hand’ has also been identified in the context of the emer-
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gence of translational cancer research which found this
science domain emerging long before any national or supra-
national policies.'> What could be the drivers for the increas-
ing centralisation of cancer research? There are likely to be
several, from the economics of scale and human resources
to cultural shifts in the way research per se is assessed and re-
warded through the UK university system. It is these broader
forces that appear to be the critical drivers to the organisation
of cancer research.

We have found substantial diversity in both the overall lev-
els of research activity (despite the fact that all the centres
had within a 1.5 order broadly similar clinical service activity)
and the types of research being conducted. Furthermore,
taken as a collective the type of research activity being under-
taken within centres is far more fundamental, i.e. orientated
towards the basic biology end of the research spectrum. This
is perhaps not surprising because of the close integration of
universities and hospitals. However, it provides a warning
that in order to deliver a broad national research programme
that improves patient outcomes the development and
support of networks are of equal importance. The recent dev-
astating report on the state of clinical trials in the USA testi-
fies as to what happens when there is an excessive focus on
‘centres’ at the expense of networks/communities.”® The role
of centres in delivering a broad research agenda also needs to
be sense checked against the fact that despite what one might
perceive with the over-coverage of medicines and molecules
by the media, health is still social.* With centres mostly dri-
ven by basic cancer biology, policy-makers needs to ensure
that this is balanced with complementary social and commu-
nity-based research.

With an eightfold difference in their overall research out-
puts as well as their diverse portfolios, UK cancer centres
are very heterogeneous. However, by all other measures, pa-
tient recruitment, peer-recognition etc, these are all major re-
search, training and clinical service centres. Furthermore the
trajectories (in terms of critical mass) can change rapidly
depending on the emigration and immigration of academic
faculty. However, what appears more resilient to change is
the overall research level. This suggests that despite policy-
making that focuses on specific domains, its downstream ef-
fect on the actual cancer research activity base is relatively
small. Top-down national research strategies appear to make
very little difference. This is not a surprise if one understands
that the intellectual underpinnings of cancer research are
radically different from a straightforward input-output model
and that, as Daryl Chubin and colleague have articulated,™
we are dealing with a scientific nexus that is rarely, if ever, af-
fected by individual factors such as funding.

One of the key policy areas to affect research within cancer
centres is the national approach to assessing the quality of
the host institutions’ science base through a research assess-
ment framework.'® Increasingly, bibliometrics are playing an
ever larger role in this assessment.'” However, we have found
clear evidence that using ‘quality’ indicators such as citation
impact could have detrimental effects not only on the breadth
of research portfolio but also on key cancer public health do-
mains. Cancer centres that focus more on basic biology have
higher citation impact scores; furthermore, there appears to
be a ‘bibliometric valley of citation death’ for the types of

research that sit in between very applied (large scale random-
ised clinical trials, for example) and laboratory-based cancer
sciences. Policy-making around research assessment frame-
work could, paradoxically, work against a patient-centred re-
search ethos by driving centres into focusing and recruiting
ever more laboratory-based faculty, thus narrowing the
national cancer research base. This view has been echoed
previously by James Ewing who also recognised the danger
of poorly thought-through policy on the breadth and depth
of cancer research.’® Descriptions of the intended impact of
cancer research are an increasingly important component of
funding applications. They are also essential for helping the
public understand how charitable donations and tax
spent on cancer research actually improve cancer control.
Frameworks that incorporate policy, service (health and
inter-sectoral) and socio-economic impacts are already being
developed,'? although their use by cancer centres is still in the
early stages.

We have found that bibliometrics can and should be used
to address some of these other areas, for example reviews in
journals as a simple measure of research esteem® and as an
objective measure of the centres’ research impact on the
mass media’ and national clinical management (as measured
by citations on cancer clinical guidelines.? As a group, UK can-
cer centres have a high global impact both in terms of their
‘esteem measure’ (high percentage of reviews) and the per-
centage of their papers cited on UK cancer clinical guidelines
and media. In the latter case these surrogate measures of
societal impact will become more important as institutions
seek to justify research funding and also use their research
outputs to influence their local fundraising options.

Whilst every scientific idea is an intellectual structure, it
arises within boundaries and relationships set by social
tribes.?! At their simplest level these tribes are formed into
centres and into networked groups. UK cancer centres have
established substantial international collaborations with both
the EUR15 countries and the USA. In most centres EUR15 col-
laborations are the main ones but the overall level of overseas
collaboration is substantial. In comparison to other areas
within natural and physical sciences, the levels of interna-
tional collaboration are very high for the centres, e.g. clinical
medicine has around 2% of outputs as international collabo-
rations. Whilst collaboration is the norm and most research
policy-makers (and this includes strategic leaders at centres)
make the assumption that international collaborations posi-
tively promote productivity and quality, studies in other do-
mains of science have not found a linear relationship.??
Instead such collaborations are driven by multiple factors
including the need for expanding faculty, training, scientific
problems that require large teams and/or specialised technol-
ogy approaches, etc, and, furthermore, they are not without
cost. Research into the social science of research collabora-
tion has found that complex collaborations, particularly
across national boundaries, can have substantial process
and outcome costs.”® Whilst UK cancer centres appear to
increasing their international collaboration there is no guar-
antee that this will lead to better returns in terms of research
quality, speed or cost-effectiveness. There needs to be careful
consideration of the merits and disadvantages of such organ-
isational approaches.
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One of the key policy drivers of the development of cancer
centres since their inception by the National Cancer Institute
in 1971 was that they would provide a focus and stimulus to
innovation.?* A large body of literature exists on this topic
through the prism of epistemic, geographical, organisational
and empirical network studies. Whilst substantial differences
in conclusions are evident, one of the key areas of common-
ality is the highly distributed nature of medical innovation.
Studies have found innovation to be ‘a complex process that
unfolds unevenly in time and space. . .characterised by radical
uncertainty. ...[and is] ... highly distributed across countries,
competences and organisations’.>® Indeed the seminal paper
by Leonard Read, I Pencil, describing the thousands of differ-
ent and completely independent technological processes
and innovations that take place to create a pencil highlights
the fact that no one organisational structure(s) is anything
more than a piece in the jigsaw.?® This vast corpus of data
points clearly to the fact that, as Keith Pavitt articulates,
‘our capacity to predict future technological applications [is]
therefore abysmal’.?” Policies that advocate more reductionist
central management and choice based on foresight should
thus be strongly resisted. Key to understanding the funda-
mental importance of cancer centres is to regard them as
hubs of creativity. Free-flowing hierarchies and broadly-dis-
tributed interacting faculty appear to be key to stimulating
and nurturing this creativity.?®

A broad understanding of cancer centres based on objec-
tive measures is only the first step to a system of evidence-
based policymaking that promotes and supports their devel-
opment. If we think about centres as an organisational skele-
ton for the culture of cancer research, we need a far better
understanding of what does (and what does not) work. An
understanding of the cancer research organisation is essen-
tial in order to identify the factors that engender creativity,
productivity and the host of other emergent properties that
define success and value.

Conflict of interest statement

None declare.

Fundings

ECRM Foundation (RS), Department of Health via the National
Institute for Health Research (NIHR) Comprehensive Biomed-
ical Research Centre award to Guy’s and St Thomas’ NHS
Foundation Trust in partnership with King’s College London
and King’s College Hospital NHS Foundation Trust (ADP).

REFERENCES

1. Pavitt K. The social shaping of the national science base. Res
Policy 1998;27(8):793-805.

2. Burstein P. Policy domains: organisation, culture and policy
outcomes. Ann Rev Sociology 1991;17:327-50.

3. Saghatchian M, Hummel H, Otter R, et al. Towards quality,
comprehensiveness and excellence. The accreditation project

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

of the Organisation of European Cancer Institutes (OECI).
Tumori 2008;94(2):164-71.

. Eckhouse S, Lewison G, Sullivan R. Trends in the global

funding and activity of cancer research. Mol Oncol
2008;2:20-32.

. Sullivan R. Has the US Cancer Centre model been ‘successful’?

Lessons for the European cancer community. Mol Oncol
2009.

. Sullivan R, Eckhouse S, Lewison G. Using bibliometrics to

inform cancer research policy and spending. In: Monitoring
financial flows 2007. Geneva: Global Forum for Health
Research; 2008. p. 67-78.

. Lewison G, Tootell S, Roe P, Sullivan R. How do the media

report cancer research? A study of the UK’s BBC website. Br ]
Cancer 2008;99(4):569-76.

. Lewison G, Sullivan R. The impact of cancer research: how

publications influence UK cancer clinical guidelines. Br ]
Cancer 2008;98(12):1944-50.

. Lewison G, Markusova V. The evaluation of Russian cancer

research. Res Eval 2010;19(2):129-44.

Narin F, Pinski G, Gee HH. Structure of biomedical literature. ]
Am Soc Info Sci 1976;27:25-45.

Haward RA. The Calman-Hine report: a personal retrospective
on the UK’s first comprehensive policy on cancer services.
Lancet Oncol 2006;7(4):336-46.

Cambrosio A, Keating P, Mercier S, Lewison G, Mogoutov A.
Mapping the emergence and development of translational
cancer research. Eur ] Cancer 2006;42(18):3140-8.

Services BoHC. A national cancer clinical trials system for the
21st century: reinvigorating the NCI cooperative group
program. Washington; 2010.

Holtz TH, Holmes SM, Stonington S, Eisenberg L. Health is still
social: contemporary examples in the age of the genome. PLoS
Med 2006;3(10):€419.

Chubin DE, Studer KE. The politics of cancer. Theory Soc
1978;6(1):55-74.

Hillhouse EW, Noble PN. UK’s research assessment exercise.
Lancet 2005;365(9464):1025-6.

Travis J. Research assessment. UK University research ranked;
funding impacts to follow. Science 2009;323(5910):24.

Ewing J. The public and the cancer problem. Science
1938;87(2262):399-407.

Kuruvilla S, Mays N, Pleasant A, Walt G. Describing the impact
of health research: a research impact framework. BMC Health
Serv Res 2006;6:134.

Lewison G. The percentage of reviews in research output: a
simple measure of research esteem. Res Eval 2009;18(1):
25-37.

Jablokow KW. The catalytic nature of science: implications for
scientific problems solving in the 21st century. Tech Soc
2005;27:531-49.

Lee SB. B. The impact of research collaboration on scientific
productivity. Soc Stud Sci 2005;35(5):673-702.

Fox MF, Faver CA. Independence and cooperation in research:
the motivations and costs of collaboration. ] High Educ
1984;55(3):347-59.

Loewenberg S. The US comprehensive cancer centres in
perspective. Mol Oncol 2010;4:9-11.

Ramlogan R, Mina A, Tampubolon G, Metcalfe JS. Networks of
knowledge: the distributed nature of medical innovation.
Scientometrics 2007;70(2):459-89.

Read LE. I, Pencil; 1958.

Pavitt K. The inevitable limits of EU R&D funding. Res Policy
1998;27(6):559-68.

Neumann CJ. Fostering creativity. A model for developing a
culture of collective creativity in science. EMBO Rep
2007;8(3):202-6.



	An analysis of research activity in major UK cancer centres
	Introduction
	Methodology
	Outputs
	Research level
	Potential and actual citation impact
	International collaborations

	Results
	Discussion
	Conflict of interest statement
	Fundings
	References


