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Abstract 

Background: Lack of transparency around manufacturing costs, who bears the bulk of research and development 
costs and how total costs relate to the pricing of products, continue to fuel debates. This paper considers the case of 
olaparib (Lynparza®), recently indicated for use among BRCA-mutant breast cancer patients, and estimates the extent 
of public and philanthropic R&D funding.

Methods: We know from previous work that attempting to ascertain the amount of public and philanthropic fund-
ing using purely bibliographic sources (i.e., authors’ declarations of funding sources and amounts traced through 
funders) is limited. Since we knew that a publically funded research unit was pivotal in developing olaparib, we 
decided to supplement bibliographic data with a Freedom of Information request for administrative records on 
research funding data from this research centre.

Research: In terms of stages of product development, work conducted in the pre-clinical research stage was the 
most likely to report non-industry funding (> 90% of pre-clinical projects received public or philanthropic funding). 
Clinical trials were least likely to be funded through non-industry sources—although even here, contrary to the 
popular assertion that this is wholly industry-financed, we found public or philanthropic funding declared by 23% of 
clinical trials. Using information reported in the publications, we identified approximately £128 million of public and 
philanthropic funding that may have contributed to the development of olaparib. However, this amount was less 
than one-third of the total amount received by one research institute playing a pivotal role in product discovery. The 
Institute of Cancer Research reported receiving 38 funding awards to support olaparib work for BRCA-mutant breast 
cancer totalling over £400 million.

Conclusions: Government or charitable funding of pharmaceutical product development is difficult to trace using 
publicly available sources, due to incomplete information provided by authors and/or a lack of consistency in funding 
information made available by funders. This study has shown that a Freedom of Information request, in countries 
where such requests are supported, can provide information to help build the picture of financial support. In the 
example of olaparib, the funding amounts directly reported considerably exceeded amounts that could be ascer-
tained using publically available bibliographic sources.

Keywords: Research funding, Public funding, Return on investment, Pharmaceutical R&D

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
The debate about whether high drug prices are justi-
fied by the cost of pharmaceutical development, given 
the considerable funding for research and development 
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(R&D) that comes from the public sector and charities, 
continues to rage. This debate has been further fuelled by 
the current worldwide reliance on a few COVID-19 vac-
cines marketed by pharmaceutical companies and the 
inability of many poorer countries to secure access. A 
recent study has estimated the net costs for 100 million 
doses of COVID-19 vaccine ready for shipping to be very 
low; considerably lower than current market prices for 
vaccine doses [1]. The COVID-19 vaccines are an exam-
ple of the lack of transparency and secrecy that often 
accompanies this debate: secrecy around manufacturing 
costs; a lack of transparency about development costs 
and who contributes to these; and negotiations and con-
tracts between industry and government, which are not 
made public.

It has been said that the public pays twice for phar-
maceuticals—once when basic research is funded by the 
public sector, and then again when high prices are paid by 
governments and individuals for the resulting products 
[2]. Our previous work has shown that it is not only basic 
research that is funded by the public; considerable char-
ity, national government and supranational organisations 
(such as the European Union or EU) funding supports 
application-specific later stage development research too. 
Recent work by Nayak et al. [3], who investigated down-
stream public sector support by examining patent and 
drug development histories, revealed about two-fifths of 
new biologic drugs approved by the United States (US) 
Food and Drug Administration (FDA) between 2008 and 
2017 had received financial support from public sector 
institutions or their spin-offs for late-stage development. 
This follows their earlier work, demonstrating that pub-
licly supported research had a major role in the late stage 
development of one in four new drugs [4].

In terms of the actual quantification of the support pub-
lic funding confers, estimates vary. This is likely to be as 
much down to the method used for estimating financial 
support, as variations between the products themselves. 
The Tufts Center for the Study of Drug Development has 
estimated that it costs pharmaceutical companies $2.6 
billion to develop a new drug [5]. More than 80% of new 
compounds are estimated to be abandoned at some point 
in their development—a key driver of the Tufts cost esti-
mate (made up of both the costs of developing successful 
products, but also the costs of those that never reach the 
market, i.e., risk capital). Others too have attempted to 
estimate the R&D costs associated with developing new 
drugs. A review of estimates available in the published 
literature shows a wide range in estimated development 
costs, from $43.4 million to $4.2 billion [6]. Behind these 
estimates lie a variety of methods and data sources, many 
of which are confidential, which makes comparison 
difficult.

In our previous work, we assessed the amount of gov-
ernmental or charity funding that had gone into the 
later-stage development of three paediatric orphan drugs 
and generated a conservative estimate of between €20 
and €31 million [7]. We also looked at the specific role 
of a large European Union funding programme (Seventh 
Framework Programme for Research of the European 
Union, known as ‘FP7’) in funding the development of 
an orphan drug and the development of a vaccine—the 
latter illustrating the role of public funding as risk capi-
tal [8]. In this paper, we apply bibliographic methods to a 
different scientific area (poly-ADP ribose polymerase or 
PARP inhibitors for breast cancer). Olaparib was chosen 
as it was developed by a public sector research institute 
in the United Kingdom (UK) and is marketed by a British 
pharmaceutical company. Here we complement the bib-
liographic approach, tested in our earlier work, with data 
on funding acquired from the research centre, which was 
pivotal in the product’s scientific development.

Methods
We used three approaches to identify the scientific work, 
and its funding, that was crucial to the development of 
olaparib. First, we conducted bibliographic database 
(PubMed) searches to identify (i) publications relating 
to primary research undertaken in the development, or 
clinical testing, of olaparib and (ii) reviews describing the 
development of olaparib. Second, we identified scien-
tific work cited in the patents relating to olaparib. Third, 
we made a Freedom of Information (FOI) request to 
the principal research organisation involved in product 
development (Institute of Cancer Research, London or 
ICR), asking for information on the funding of research 
into the development of olaparib. Each approach is 
described in detail in turn below.

We carried out two PubMed bibliographic database 
searches to identify relevant primary and secondary pub-
lications. The first was a search based on the names of the 
main discoverers that had previously been identified via a 
breast cancer charity news report describing the develop-
ment of PARP inhibitors in the fight against breast can-
cer [9]. This search was carried out on August 8th 2021: 
[(Ashworth OR King OR Lord OR Tutt) AND (PARP OR 
Lynparza OR Olaparib)]. The second bibliographic data-
base search related to the clinical trials landscape, car-
ried out on December 5th 2021: [(lynparza OR olaparib) 
AND breast Filters: Clinical Study, Clinical Trial, Clini-
cal Trial, Phase I, Clinical Trial, Phase II, Clinical Trial, 
Phase III, Clinical Trial, Phase IV, Controlled Clinical 
Trial, Multicenter Study, Observational Study, Rand-
omized Controlled Trial, Validation Study].

We applied inclusion and exclusion criteria to 
the results of the bibliographic searches as follows. 
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Included were: review articles describing the develop-
ment of PARP inhibitors for breast cancer; preclini-
cal research, e.g., describing animal models; proof of 
concept clinical trials or any trial phases I to III relat-
ing to olaparib for breast cancer treatment. Excluded 
were: clinical trials relating to combination therapies 
of olaparib with other therapies; studies published after 
the product received EU approval in 2019; experimen-
tal studies that did not appear part of the development 
pathway.

Review articles identified through the two PubMed 
searches were used to identify principally pre-clinical 
research that had been pivotal to the development path-
way. The inclusion and exclusion criteria were similarly 
applied to any studies additionally identified through the 
review articles.

The second method used to identify relevant scientific 
work in the development of olaparib was through pat-
ents, although this was for indicative purposes only. One 
of the pre-clinical studies identified reported that KuDOS 
Pharmaceuticals Ltd and the ICR submitted a patent 
application based on their results [10]. The full text of 
publications cited in these patents were then retrieved. 
We have included scientific work referenced in patents as 
indicative only, due to issues in apportioning this type of 
basic research to specific applications. We did not apply 
the inclusion and exclusion criteria to scientific work 
cited in the patents due to the basic and generic nature of 
the research, rendering specific apportioning to olaparib 
impossible. However, the results are a useful indication 
of the extent of governmental and charitable funding for 
early pre-development work.

Once included, the funding sources—where these 
were reported in the publications (usually as part of the 
acknowledgements or financial disclosures part of arti-
cles)—were extracted from primary research publica-
tions and details of the funding amounts were searched 
for in the online pages/databases of the corresponding 
funders. Currencies were converted into a common cur-
rency (GBP £) using 12 month average currency rates to 
end of year December 2021 [11].

The third method used to identify relevant scientific 
work was through an FOI request of a public institu-
tion cited as being the key research institute involved in 
the development of olaparib. The ICR responded to the 
news that the US Food and Drug Administration had 
approved Olaparib for the treatment of women with 
BReast CAncer (BRCA)-mutant advanced breast cancer 
with a statement that its scientific work had underpinned 
the development of PARP inhibitors [12]. The ICR is 
a charity and a member institution of the University of 
London. We submitted a FOI request to ICR (dated  2nd 
August 2021) to obtain administrative data on the public 

and philanthropic sources of funding they had received 
related to the scientific development of the product.

Results
Results of the bibliographic searches
The PubMed search on investigator names returned 265 
hits; the PubMed product search returned 56 hits. The 
PubMed searches identified nine review articles [13–21], 
which helped us in identifying scientific work conducted 
as part of the development story. On the basis of these 
review articles, a further ten publications were identified, 
eight of which were included. Results are shown in Fig. 1.

Preclinical research
Description In 2005, two separate groups of researchers 
demonstrated the potential of PARP1 inhibition as a tar-
geted, synthetic lethal approach to treating BRCA-mutant 
tumours: the mouse models of Bryant et al. and Farmer 
et  al. [16]. A further preclinical study, McCabe et  al. 
[24], was cited alongside the Farmer work and the Lord 
team [22]. Three pre-clinical studies were identified that 
explored BRAC1 and BRAC2 associated breast cancers: 
Moynahan et al. [26], Tutt et al. [29] and Zhang et al. [17]. 
A further three pre-clinical studies considered in-vitro 
and in-vivo synergies: Menear et al. [25], Rottenberg et al. 
[27] and Takahashi et al. [17]. In total, 10 pivotal studies 
relating to preclinical work were identified [10, 22–30].

Funding sources Six of these preclinical studies received 
funding contributions from charitable organisations. Five 
studies named the charities as Cancer Research UK [10, 
22–24, 29]; four of these also named Breakthrough Breast 
Cancer as funders [10, 22, 24, 29]. Farmer, Tutt, McCabe 
also named the Mary-Jean Mitchell Green Foundation. 
The charities Yorkshire Cancer Research (Bryant), Swed-
ish Cancer Society (Bryant) and the Dutch Cancer Society 
(Rottenberg) also contributed to the funding of preclinical 
research. It was unfortunately not possible to identify spe-
cific funding amounts from these charitable organisations 
based on available information in the public domain.

Four preclinical researchers received public funding 
from governmental bodies—three from the US and one 
from Europe. Funding from the US Army (DAMD17-
98-1-8334) and NIH (CA68425) was received by Moyna-
han (combined value $2,306,663) [26]. The preclinical 
research published by Takahashi was supported, in whole 
or in part, by NIH grants CA72851 (not located) and 
CA129286 (value of $1,534,769 over 5  years). The work 
by Takahashi was also supported by the Baylor Scott 
and White Research Institute, which is the research arm 
of a non-for-profit healthcare system in Texas [28]. A 
NIH grant (CA107640) was referenced by Zhang, which 
between 2004 and 2008 totalled $1,666,357. Harvard 
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Breast Cancer Specialized Program of Research Excel-
lence also contributed an undetermined amount to the 
preclinical work of Zhang [30]. European public funding 
from national governmental bodies was cited by Rotten-
berg [27].

Public funding from the European Union (FP6 pro-
gramme), Netherlands Organization for Scientific 
Research, Swiss National Science Foundation and Swiss 
Foundation for Grants in Biology and Medicine were 
all named as contributing to the funding of preclinical 
research. We were able to quantify the EU funding: EU 
FP6 project CHEMORES (037665) ran from 2007 to 2012 
and received an EU contribution of €8,707,358.

Only one publication relating to preclinical research 
(Menear) did not cite a public funding element to their 
work [25].

Clinical trials
Description We identified one proof of concept trial 
([31], NCT00494234) and five phase I studies ([32], not 
registered; [33], NCT00777582; [34], NCT00572364; 
[35], NCT01813474; [36], NCT00516373). We iden-
tified six phase II trials [37]: NCT00494442; [38] 
NCT00679783; [39] NCT00628251; [40] NCT01078662; 
[41] NCT00753545; [42] NCT02681562. One phase III 
trial was identified: [43] NCT02000622 (the OlympiAD 
trial). In addition, we identified 13 publications relating to 

combination studies, which we have not included as part 
of product development in this analysis.

Funding sources Three clinical trials cited a combina-
tion of industry, government and charity funding for their 
studies [36, 39, 43]. The government funding was from 
the UK via the Department of Health/National Insti-
tute for Health Research and from the US NIH, whilst 
charity funding came from Cancer Research UK, Break-
through Breast Cancer and the Breast Cancer Research 
Foundation. We were only able to determine a value 
for the NIH grant, which was a Cancer Center Support 
Grant CA008748 (representing long-term funding of the 
research centre), totalling around $25 million per year on 
an ongoing basis.

Nine clinical trials [31–35, 37, 38, 40, 41] reported 
that they were solely industry financed, whilst one [42] 
declared no funding support at all.

Results of research cited in patents
A web-based search for patents relating to olaparib, using 
the search term “olaparib”, identified one relevant patent 
from Europe (EP 2 305 221 B1) and three from the US 
(US 8,071,579 B2, US 7,151,102 and US 7,449,464). A fur-
ther seven US patents were identified, which were con-
tinuations of previous patents and excluded on this basis.

The European patent EP 2 305 221 B1 referred to 36 
scientific citations in support of the application. 23 of the 

Fig. 1 PRISMA flow diagram for bibliographic database searches
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cited scientific works reported receiving public funding, 
either from government platforms/agencies of individ-
ual nations or charities [44–66]. 18 of these publications 
named the source of public funding but either no spe-
cific grant details were provided, or these could not be 
traced. This included four unspecified NIH grants and 
one unspecified EU award. One publication referred to 
an EU-funded project (FIGH-CT-1999–00010), which 
received an EU public funding contribution of €2,000,000 
between 2000 and 2003. The latter publication and 
an additional four publications declared NIH funding 
grants (CA094060, CA055914, CA063705, CA074415, 
GM058986 and GM037706) awarded between 1993 and 
2018, with a combined value of $ 60,815,427.

After de-duplicating references common to both pat-
ents, as well as those already identified as pre-clinical or 
clinical research, the US patent US 8,071,579 B2 cited a 
further 33 scientific publications and 19 of these stated 
that they had received some form of public funding 
[67–85]. For 12 of the 19 publications, the name of the 
funding source was stated but either no specific grant 
details were provided, or these could not be traced. 
Among the remaining seven publications, 11 NIH 
grants were identified, two of which were centre grants 
(CA023074 and ES006694) and for two, no funding 
amounts could be found (CM04700 and N01CO5600). 
Seven grants (CA072008, CA065579, CA043894, 
CA06294, CA068228, GM60915 and CA084407) were 
project grants awarded between 1993 and 2018, with 
a combined value of $79,519,938. In addition, three EU 
grants were declared (European Cost Action D20/003/00, 
EU BIOMED2 BMH4-CT-98-3784 and EU RISC-RAD 
D16R-CT-2003-508843). We were able to trace a grant 
amount of €10,000,000 awarded between 2004 and 2008 
using the EU RISC-RAD D16R-CT-2003-508843 grant 
identifier (ID); no amounts could be determined for the 
other two EU grants.

Through the other two US patents (7, 449,464 and 
7,151,102) a further 120 references (after removal of 
duplicates) were identified. 43 of these references could 
be retrieved and 29 of them referred to public or philan-
thropic funding. However, in only seven cases could exact 
public funding amounts be traced. These seven stud-
ies referred to six grants (R01HL59266, R21HL065145, 
GM18640, CA58183, CA30195, CA43318) totalling 
$3,360,990. These seven studies also included a Swiss 
Bridge Award (CHF 275,000), a Grants-in-Aid for Can-
cer Research from the Ministry of Education, Science and 
Culture in Japan (Japanese ¥ 117,000,000) and an EU  5th 
Framework project funding of €1,354,856.

Table  1 summarises the number of studies that 
reported having received public or philanthropic fund-
ing, classified by stage of R&D, together with specific 
values of the funding, where we were able to trace these. 
The middle column shows the number of studies that 
reported a public or philanthropic funding contribution 
and where there was sufficient information available from 
the funder to quantify this contribution. There is no over-
lap between the funding amounts associated with differ-
ent stages of R&D as we accounted for duplicates.

Results of research funding to ICR for the development 
of PARP inhibitors for women with breast cancer
A request for information (dated  2nd August 2021) was 
sent to the ICR, concerning funding awards relating to 
the development of PARP inhibitors for women with 
BRCA-mutant breast cancer. Information kindly sup-
plied by ICR in answering the FOI request is shown in 
Table  2. Total public funding of this one public sector 
research institute’s work on PARP inhibitors—that led 
to the development of olaparib—amounted to just over 
£400 million. We did not have enough information on the 
ICR funding grants to identify how much overlap there 

Table 1 Public funding for olaparib, by stage of R&D and availability of funding information

Number of studies receiving 
public funding (as a % of all 
studies)

Number of studies where public 
contribution was quantifiable (as a % 
of all publicly funded studies)

Value of public project funding that 
could be identified

Research named in patents 71/112 (63%) 16/71 (23%) $143,696,353.00
 + €13,354,856.00
 + Jap Yen ¥117,000,000.00

Pre-clinical research 9/10 (90%) 4/9 (44%) $5,507,789.00
 + €8,707,358.00

Clinical trials (phases I to III) 3/13 (23%) 0/3 (0%) - (only a center funding grant of $25 mil-
lion p.a identified through 1 publication.)

Total in common GBP £ 
currency ($ and €)

£ 128,122,052.50
($ 176,500,967.70 or
€ 148,530,086.30)
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was between these grants and those listed in the scientific 
publications.

Discussion
Olaparib received approval as a monotherapy for 
the treatment of adult patients with germline BRCA 
1/2-mutations, and who have human epidermal growth 
factor receptor 2 (HER2)-negative locally advanced or 
metastatic breast cancer. Treating BRCA-mutated meta-
static breast cancer patients has been estimated to cost 
€ 3,794.00 for a 21-day cycle and € 75,889.40 for a course 
of treatment lasting for a median of 14.5  months (as 
reported in the OlympiAD trial) [86]. Equivalent price for 
a 14.5-month course in the UK is £ 73,008.15 [87].

Over £400 million of public and philanthropic fund-
ing was received by the public sector research insti-
tute that conducted work leading to the development of 
PARP inhibitors (equivalent to around $570 million or 
€ 480 million). The public and philanthropic funding of 
basic, preclinical and clinical research, that was reported 
in publications and was able to be traced through infor-
mation provided by funders, amounted to a further £ 
128 million (equivalent to around $ 177 million or € 149 
million).

The range of public and philanthropic R&D sponsored 
costs we have identified here lies within the range of 
estimated development costs, of between $43.4 Million 
and $4.2 billion [6]—especially when one considers that 
these estimates also include costs of unsuccessful drugs 
(whereas we have here looked only at one successful 
drug).

Methodologically, this analysis has shown that the 
amount of public and philanthropic funding for scientific 
development reported by a public sector organisation 

dwarfs any estimates that can be determined from pub-
lished papers (our previous estimates of public funding 
based on available bibliographic information was only 
able to quantify public funding amounts of between €21 
and €30 million).

We think the extent of funding of the ICR for later 
stage drug discovery research, rather than the basic and 
translational science research that public sector research 
is usually credited with financing, reveals that later-stage 
research is funded to a considerable extent by govern-
mental and charitable contributions. This information 
helps fill a research gap regarding information on the 
funding of product development organisations in the 
public sector [6].

This piece of work follows a previous example, where 
FOI requests have been used to obtain information 
from academic research institutes [88]. The information 
returned from the ICR has been invaluable in document-
ing the extent of charitable contributions—account-
ing for around half of the public funding amount they 
received. Little has been documented about the role of 
charitable funding, so this is an important finding. The 
ICR funding results are in line with earlier work by Nayak 
et al. [3] who investigated downstream public sector sup-
port by examining patent and drug development histo-
ries [3]. They found that about two-fifths of new biologic 
drugs approved by the FDA between 2008 and 2017 had 
received financial support from public sector institutions 
or their spin-offs for late-stage development.

Although generating an exact monetary sum for pub-
lic and philanthropic funding as a whole is not possible 
with bibliographic methods (although it may be for spe-
cific funders, e.g., NIH, as [89] have shown), this method 
is able to describe the depth and breadth of public and 

Table 2 Public funding of ICR’s development work on olaparib

Funder’s Name Funder’s Status Number of 
grants

Total sum of grants (£) Research awards in 
other currencies

Cancer Research UK Charity 18 £ 72,861,124.08

Breast Cancer Now Charity 6 £ 130,173,644.00

National Institute for Health Research National government 4 £ 194,492,365.00

Prostate Cancer UK Charity 3 £ 6,874,700.88

Medical Research Council National government 2 £ 484,306.12

Stand Up to Cancer Charity 2 £ 10,667,84.00 $10,000,000.00

European Commission Supranational 1 £ 197,754.00

Prostate Cancer Foundation Charity 1 $225,000.00

National Health and Medical Research Council 
of Australia

National government 1 £ 841,075.00

Sum in original currency 38 £ 406,991,753.00 $10,225,000.00

Total in common GBP £ currency ($ and €) £ 414,414,081.00
($ 570,896,929.00 or € 480,424,392.05)
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philanthropic funding from different sources that may 
have contributed to product development. Depending 
on the stage of research, we could only determine exact 
funding amounts for—at most—under half of studies 
receiving public or philanthropic funding. To enable the 
tracing of exact public funding contributions, we rec-
ommend that all funders—including charities—provide 
databases of funding information. This should contain, 
at a minimum, the year of the award, award amount and 
lead researchers’ names.

This research follows the bibliographic approach to 
estimating public and philanthropic funding contribu-
tions. An alternative framework approach has recently 
been suggested by Darrow & Light (2021) for assessing 
the total societal costs of pharmaceuticals, accounting 
for indirect funding through tax and benefit concessions 
[90]. We anticipate that this indirect funding landscape is 
just as complex, and significant, in Europe.

Limitations
The clinical trials included in the study resulted only from 
the bibliographic search and snowballing from identified 
review papers; no complementary search was conducted 
using other databases.

It was not possible to identify whether there was any 
overlap between funding sources cited in the publications 
and the administrative data on funding from the ICR due 
to a lack of identifying information.

Even where the publication authors provide exact grant 
numbers and funder details (which is not always the 
case), the monetary value of the grant is often not pub-
licly listed by funders—which is a considerable limita-
tion of bibliographic analyses. This situation particularly 
arises, where charitable organisations are the funders.

A further limitation is in apportioning public or phil-
anthropic funding to specific products or applications, 
especially in the case of research cited in patents. Olapa-
rib can be applied to different types of cancer. Although 
we have concentrated on breast cancer, there is of course 
overlap with scientific work used for other indications or 
indeed for other product areas—especially in the case of 
earlier pre-patent and pre-clinical work. Similarly, some 
of the public and philanthropic funding identified relates 
to the long-term funding of research centres, where the 
funding can be used for different purposes—again appor-
tioning to one product/application is not possible.

Finally, it would be interesting to know the percent-
age that the public and philanthropic funding represents 
of the total development cost of olaparib. Unfortunately 
there is no publicly available estimative or a statement of 
the amount of private funding involved and/or total costs 
of development.

Conclusions
Bibliographic methods for estimating the monetary value 
of total public and philanthropic funding have considerable 
limitations. This is due to incomplete reporting in publica-
tions (e.g. missing grant numbers) but also a lack of pub-
lished data available from funders on the value of awards. 
The comparison with administrative information obtained 
through a FOI request shows that bibliographic methods 
likely under-estimate the scale of public and philanthropic 
funding.

We have shown the extent of public and philanthropic 
funding of an organisation in the public sector that was 
pivotal in product development work. Charitable funding 
has not received as much attention in the literature as gov-
ernmental funding. This paper shows around half of non-
industry funding contributions to a public sector research 
centre with a pivotal role in product development was 
received from the charitable sector.

Abbreviations
BRCA1: Breast Cancer gene 1; BRCA2: Breast Cancer gene 2; EU: European 
Union; FDA: Food and Drug Administration; FOI: Freedom of information; 
FP6: Sixth Framework Programme for Research of the European Union; FP7: 
Seventh Framework Programme for Research of the European Union; HER2: 
Human epidermal growth factor receptor 2; ID: Identifier; ICR: Institute of 
Cancer Research; NIH: National Institutes of Health; PARP: Poly-ADP ribose 
polymerase; R&D: Research and development; UK: United Kingdom; US: 
United States of America.

Acknowledgements
The authors gratefully acknowledge the information supplied by the Institute 
of Cancer Research, London.

Author contributions
LS designed the work; OS acquired and analysed the patent data; LS acquired 
and analysed all other data; LS interpreted the data; LS drafted the paper and 
CW substantively commented upon the paper. All authors read and approved 
the final manuscript.

Funding
No funding was involved in this work.

Availability of data and materials
Available on request from corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 6 March 2022   Accepted: 2 August 2022



Page 8 of 10Schmidt et al. Journal of Pharmaceutical Policy and Practice           (2022) 15:47 

References
 1. Light D, Lexchin J. The costs of coronavirus vaccines and their pricing. J R 

Soc Med. 2021;114(11):502–4. https:// doi. org/ 10. 1177/ 01410 76821 10530 
06.

 2. Wolitz R. The pay-twice critique, government funding, and reasonable 
pricing clauses. J Leg Med. 2019;39(2):177–211. https:// doi. org/ 10. 1080/ 
01947 648. 2019. 16489 42.

 3. Nayak R, Lee C, Avorn J, Kesselheim A. Public-sector contributions to 
novel biologic drugs. JAMA Intern Med. 2021;181(11):1522–5. https:// doi. 
org/ 10. 1001/ jamai ntern med. 2021. 3720.

 4. Nayak R, Avorn J, Kesselheim A. Public sector financial support for late 
stage discovery of new drugs in the United States: cohort study. BMJ. 
2019. https:// doi. org/ 10. 1136/ bmj. l5766.

 5. DiMasi J, Grabowski H, Hansen R. Innovation in the pharmaceutical indus-
try: New estimates of R&D costs. J Health Econ. 2016;47:20–33. https:// 
doi. org/ 10. 1016/j. jheal eco. 2016. 01. 012.

 6. Vieira M and Moon S. Research synthesis: costs of pharmaceutical R&D. 
KNOWLEDGE PORTAL on innovation and access to medicines, 2020. 
https:// www. knowl edgep ortal ia. org/_ files/ ugd/ 356854_ e9d75 e29c0 
264bf 9b381 18fc5 f0aea b6. pdf. Accessed 15 Feb 2022.

 7. Schmidt L, Wild C. Assessing the public and philanthropic financial 
contribution to the development of new drugs: a bibliographic analysis. 
Science. 2020;4(1):8–14. https:// doi. org/ 10. 11648/j. stpp. 20200 401. 12.

 8. Schmidt L, Sehic O, Wild C. EU FP7 research funding for an orphan 
drug (Orfadin®) and vaccine (Hep C) development: a success and a 
failure? J Pharm Policy Pract. 2021;14(1):37. https:// doi. org/ 10. 1186/ 
s40545- 021- 00317-8.

 9. BreastCancerNow. PARP inhibitors – a breakthrough in breast cancer 
treatment. https:// breas tcanc ernow. org/ about- us/ news- perso nal- stori es/ 
parp- inhib itors-% E2% 80% 93- break throu gh- in- breast- cancer- treat ment. 
Accessed 15 Feb 2022.

 10. Farmer H, McCabe N, Lord C, Tutt A, Johnson D, Richardson T, et al. Target-
ing the DNA repair defect in BRCA mutant cells as a therapeutic strategy. 
Nature. 2005;434(7035):917–21. https:// doi. org/ 10. 1038/ natur e03445.

 11. Gov.uk. Guidance. Average for the year to 31 December 2021. 2021. 
https:// assets. publi shing. servi ce. gov. uk/ gover nment/ uploa ds/ system/ 
uploa ds/ attac hment_ data/ file/ 10444 72/ Yearly- avera ge- 31- Decem ber- 21. 
csv/ previ ew. Accessed 15 Feb 2022.

 12. The Institute of Cancer Research (ICR). The ICR responds to the FDA 
approval of olaparib for women with BRCA-mutant advanced breast 
cancer. 2018. https:// www. icr. ac. uk/ news- archi ve/ the- icr- respo nds- to- 
the- fda- appro val- of- olapa rib- for- women- with- brca- mutant- advan ced- 
breast- cancer. Accessed 15 Feb 2021.

 13. Lord C, Ashworth A. PARP inhibitors: synthetic lethality in the clinic. Sci-
ence. 2017;355(6330):1152–8. https:// doi. org/ 10. 1126/ scien ce. aam73 44.

 14. Mateo J, Lord C, Serra V, Tutt A, Balmaña J, Castroviejo-Bermejo M, et al. 
A decade of clinical development of PARP inhibitors in perspective. Ann 
Oncol. 2019;30(9):1437–47. https:// doi. org/ 10. 1093/ annonc/ mdz192.

 15. Dréan A, Lord C, Ashworth A. PARP inhibitor combination therapy. Crit 
Rev Oncol Hematol. 2016;108:73–85. https:// doi. org/ 10. 1016/j. critr evonc. 
2016. 10. 010.

 16. Lord C, Tutt A, Ashworth A. Synthetic lethality and cancer therapy: les-
sons learned from the development of PARP inhibitors. Annu Rev Med. 
2015;66:455–70. https:// doi. org/ 10. 1146/ annur ev- med- 050913- 022545.

 17. Glendenning J, Tutt A. PARP inhibitors–current status and the walk 
towards early breast cancer. Breast. 2011. https:// doi. org/ 10. 1016/ s0960- 
9776(11) 70288-0.

 18. Gyawali B. The OlympiAD trial: who won the gold? Ecancermedicalsci-
ence. 2017. https:// doi. org/ 10. 3332/ ecanc er. 2017. ed75.

 19. Rehman F, Lord C, Ashworth A. Synthetic lethal approaches to breast 
cancer therapy. Nat Rev Clin Oncol. 2010;7(12):718–24. https:// doi. org/ 10. 
1038/ nrcli nonc. 2010. 172.

 20. Balmaña J, Domchek S, Tutt A, Garber J. Stumbling blocks on the path to 
personalized medicine in breast cancer: the case of PARP inhibitors for 
BRCA1/2-associated cancers. Cancer Discov. 2011;1(1):29–34. https:// doi. 
org/ 10. 1158/ 2159- 8274. Cd- 11- 0048.

 21. Dedes K, Wilkerson P, Wetterskog D, Weigelt B, Ashworth A, Reis-Filho 
J. Synthetic lethality of PARP inhibition in cancers lacking BRCA1 and 
BRCA2 mutations. Cell Cycle. 2011;10(8):1192–9. https:// doi. org/ 10. 4161/ 
cc. 10.8. 15273.

 22. Lord C, McDonald S, Swift S, Turner N, Ashworth A. A high-throughput 
RNA interference screen for DNA repair determinants of PARP inhibitor 
sensitivity. DNA Repair (Amst). 2008;7(12):2010–9. https:// doi. org/ 10. 
1016/j. dnarep. 2008. 08. 014.

 23. Bryant H, Schultz N, Thomas H, Parker K, Flower D, Lopez E, et al. Specific 
killing of BRCA2-deficient tumours with inhibitors of poly(ADP-ribose) 
polymerase. Nature. 2005;434(7035):913–7. https:// doi. org/ 10. 1038/ natur 
e03443.

 24. McCabe N, Turner N, Lord C, Kluzek K, Bialkowska A, Swift S, et al. 
Deficiency in the repair of DNA damage by homologous recombination 
and sensitivity to poly(ADP-ribose) polymerase inhibition. Cancer Res. 
2006;66(16):8109–15. https:// doi. org/ 10. 1158/ 0008- 5472. Can- 06- 0140.

 25. Menear K, Adcock C, Boulter R, Cockcroft X, Copsey L, Cranston A, et al. 
4-[3-(4-cyclopropanecarbonylpiperazine-1-carbonyl)-4-fluorobenzyl]-
2H-phthalazin-1-one: a novel bioavailable inhibitor of poly(ADP-ribose) 
polymerase-1. J Med Chem. 2008;51(20):6581–91. https:// doi. org/ 10. 
1021/ jm800 1263.

 26. Moynahan M, Pierce A, Jasin M. BRCA2 is required for homology-directed 
repair of chromosomal breaks. Mol Cell. 2001;7(2):263–72. https:// doi. org/ 
10. 1016/ s1097- 2765(01) 00174-5.

 27. Rottenberg S, Jaspers J, Kersbergen A, van der Burg E, Nygren A, Zander 
S, et al. High sensitivity of BRCA1-deficient mammary tumors to the PARP 
inhibitor AZD2281 alone and in combination with platinum drugs. Proc 
Natl Acad Sci U S A. 2008;105(44):17079–84. https:// doi. org/ 10. 1073/ pnas. 
08060 92105.

 28. Takahashi M, Koi M, Balaguer F, Boland C, Goel A. MSH3 mediates sensiti-
zation of colorectal cancer cells to cisplatin, oxaliplatin, and a poly(ADP-
ribose) polymerase inhibitor. J Biol Chem. 2011;286(14):12157–65. https:// 
doi. org/ 10. 1074/ jbc. M110. 198804.

 29. Tutt A, Bertwistle D, Valentine J, Gabriel A, Swift S, Ross G, et al. Muta-
tion in Brca2 stimulates error-prone homology-directed repair of DNA 
double-strand breaks occurring between repeated sequences. Embo J. 
2001;20(17):4704–16. https:// doi. org/ 10. 1093/ emboj/ 20. 17. 4704.

 30. Zhang J, Powell S. The role of the BRCA1 tumor suppressor in DNA 
double-strand break repair. Mol Cancer Res. 2005;3(10):531–9. https:// doi. 
org/ 10. 1158/ 1541- 7786. Mcr- 05- 0192.

 31. Tutt A, Robson M, Garber J, Domchek S, Audeh M, Weitzel J, et al. Oral 
poly(ADP-ribose) polymerase inhibitor olaparib in patients with BRCA1 or 
BRCA2 mutations and advanced breast cancer: a proof-of-concept trial. 
Lancet. 2010;376(9737):235–44. https:// doi. org/ 10. 1016/ s0140- 6736(10) 
60892-6.

 32. Bundred N, Gardovskis J, Jaskiewicz J, Eglitis J, Paramonov V, McCormack 
P, et al. Evaluation of the pharmacodynamics and pharmacokinetics of 
the PARP inhibitor olaparib: a phase I multicentre trial in patients sched-
uled for elective breast cancer surgery. Invest New Drugs. 2013;31(4):949–
58. https:// doi. org/ 10. 1007/ s10637- 012- 9922-7.

 33. Mateo J, Moreno V, Gupta A, Kaye S, Dean E, Middleton M, et al. An adap-
tive study to determine the optimal dose of the tablet formulation of the 
PARP inhibitor olaparib. Target Oncol. 2016;11(3):401–15. https:// doi. org/ 
10. 1007/ s11523- 016- 0435-8.

 34. Yamamoto N, Nokihara H, Yamada Y, Goto Y, Tanioka M, Shibata T, 
et al. A Phase I, dose-finding and pharmacokinetic study of olaparib 
(AZD2281) in Japanese patients with advanced solid tumors. Cancer Sci. 
2012;103(3):504–9. https:// doi. org/ 10. 1111/j. 1349- 7006. 2011. 02179.x.

 35. Yonemori K, Tamura K, Kodaira M, Fujikawa K, Sagawa T, Esaki T, et al. 
Safety and tolerability of the olaparib tablet formulation in Japanese 
patients with advanced solid tumours. Cancer Chemother Pharmacol. 
2016;78(3):525–31. https:// doi. org/ 10. 1007/ s00280- 016- 3106-7.

 36. Fong P, Boss D, Yap T, Tutt A, Wu P, Mergui-Roelvink M, et al. Inhibition of 
poly(ADP-ribose) polymerase in tumors from BRCA mutation carriers. N 
Engl J Med. 2009;361(2):123–34. https:// doi. org/ 10. 1056/ NEJMo a0900 
212.

 37. Audeh M, Carmichael J, Penson R, Friedlander M, Powell B, Bell-McGuinn 
K, et al. Oral poly(ADP-ribose) polymerase inhibitor olaparib in patients 
with BRCA1 or BRCA2 mutations and recurrent ovarian cancer: a proof-
of-concept trial. Lancet. 2010;376(9737):245–51. https:// doi. org/ 10. 1016/ 
s0140- 6736(10) 60893-8.

 38. Gelmon K, Tischkowitz M, Mackay H, Swenerton K, Robidoux A, Tonkin 
K, et al. Olaparib in patients with recurrent high-grade serous or poorly 
differentiated ovarian carcinoma or triple-negative breast cancer: a 

https://doi.org/10.1177/01410768211053006
https://doi.org/10.1177/01410768211053006
https://doi.org/10.1080/01947648.2019.1648942
https://doi.org/10.1080/01947648.2019.1648942
https://doi.org/10.1001/jamainternmed.2021.3720
https://doi.org/10.1001/jamainternmed.2021.3720
https://doi.org/10.1136/bmj.l5766
https://doi.org/10.1016/j.jhealeco.2016.01.012
https://doi.org/10.1016/j.jhealeco.2016.01.012
https://www.knowledgeportalia.org/_files/ugd/356854_e9d75e29c0264bf9b38118fc5f0aeab6.pdf
https://www.knowledgeportalia.org/_files/ugd/356854_e9d75e29c0264bf9b38118fc5f0aeab6.pdf
https://doi.org/10.11648/j.stpp.20200401.12
https://doi.org/10.1186/s40545-021-00317-8
https://doi.org/10.1186/s40545-021-00317-8
https://breastcancernow.org/about-us/news-personal-stories/parp-inhibitors-%E2%80%93-breakthrough-in-breast-cancer-treatment
https://breastcancernow.org/about-us/news-personal-stories/parp-inhibitors-%E2%80%93-breakthrough-in-breast-cancer-treatment
https://doi.org/10.1038/nature03445
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1044472/Yearly-average-31-December-21.csv/preview
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1044472/Yearly-average-31-December-21.csv/preview
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1044472/Yearly-average-31-December-21.csv/preview
https://www.icr.ac.uk/news-archive/the-icr-responds-to-the-fda-approval-of-olaparib-for-women-with-brca-mutant-advanced-breast-cancer
https://www.icr.ac.uk/news-archive/the-icr-responds-to-the-fda-approval-of-olaparib-for-women-with-brca-mutant-advanced-breast-cancer
https://www.icr.ac.uk/news-archive/the-icr-responds-to-the-fda-approval-of-olaparib-for-women-with-brca-mutant-advanced-breast-cancer
https://doi.org/10.1126/science.aam7344
https://doi.org/10.1093/annonc/mdz192
https://doi.org/10.1016/j.critrevonc.2016.10.010
https://doi.org/10.1016/j.critrevonc.2016.10.010
https://doi.org/10.1146/annurev-med-050913-022545
https://doi.org/10.1016/s0960-9776(11)70288-0
https://doi.org/10.1016/s0960-9776(11)70288-0
https://doi.org/10.3332/ecancer.2017.ed75
https://doi.org/10.1038/nrclinonc.2010.172
https://doi.org/10.1038/nrclinonc.2010.172
https://doi.org/10.1158/2159-8274.Cd-11-0048
https://doi.org/10.1158/2159-8274.Cd-11-0048
https://doi.org/10.4161/cc.10.8.15273
https://doi.org/10.4161/cc.10.8.15273
https://doi.org/10.1016/j.dnarep.2008.08.014
https://doi.org/10.1016/j.dnarep.2008.08.014
https://doi.org/10.1038/nature03443
https://doi.org/10.1038/nature03443
https://doi.org/10.1158/0008-5472.Can-06-0140
https://doi.org/10.1021/jm8001263
https://doi.org/10.1021/jm8001263
https://doi.org/10.1016/s1097-2765(01)00174-5
https://doi.org/10.1016/s1097-2765(01)00174-5
https://doi.org/10.1073/pnas.0806092105
https://doi.org/10.1073/pnas.0806092105
https://doi.org/10.1074/jbc.M110.198804
https://doi.org/10.1074/jbc.M110.198804
https://doi.org/10.1093/emboj/20.17.4704
https://doi.org/10.1158/1541-7786.Mcr-05-0192
https://doi.org/10.1158/1541-7786.Mcr-05-0192
https://doi.org/10.1016/s0140-6736(10)60892-6
https://doi.org/10.1016/s0140-6736(10)60892-6
https://doi.org/10.1007/s10637-012-9922-7
https://doi.org/10.1007/s11523-016-0435-8
https://doi.org/10.1007/s11523-016-0435-8
https://doi.org/10.1111/j.1349-7006.2011.02179.x
https://doi.org/10.1007/s00280-016-3106-7
https://doi.org/10.1056/NEJMoa0900212
https://doi.org/10.1056/NEJMoa0900212
https://doi.org/10.1016/s0140-6736(10)60893-8
https://doi.org/10.1016/s0140-6736(10)60893-8


Page 9 of 10Schmidt et al. Journal of Pharmaceutical Policy and Practice           (2022) 15:47  

phase 2, multicentre, open-label, non-randomised study. Lancet Oncol. 
2011;12(9):852–61. https:// doi. org/ 10. 1016/ s1470- 2045(11) 70214-5.

 39. Kaye S, Lubinski J, Matulonis U, Ang J, Gourley C, Karlan B, et al. Phase 
II, open-label, randomized, multicenter study comparing the efficacy 
and safety of olaparib, a poly (ADP-ribose) polymerase inhibitor, and 
pegylated liposomal doxorubicin in patients with BRCA1 or BRCA2 muta-
tions and recurrent ovarian cancer. J Clin Oncol. 2012;30(4):372–9. https:// 
doi. org/ 10. 1200/ jco. 2011. 36. 9215.

 40. Kaufman B, Shapira-Frommer R, Schmutzler R, Audeh M, Friedlander M, 
Balmaña J, et al. Olaparib monotherapy in patients with advanced cancer 
and a germline BRCA1/2 mutation. J Clin Oncol. 2015;33(3):244–50. 
https:// doi. org/ 10. 1200/ jco. 2014. 56. 2728.

 41. Ledermann J, Harter P, Gourley C, Friedlander M, Vergote I, Rustin G, et al. 
Olaparib maintenance therapy in platinum-sensitive relapsed ovarian 
cancer. N Engl J Med. 2012;366(15):1382–92. https:// doi. org/ 10. 1056/ 
NEJMo a1105 535.

 42. Roviello G, Milani M, Gobbi A, Dester M, Cappelletti M, Allevi G, et al. A 
Phase II study of olaparib in breast cancer patients: biological evaluation 
from a “window of opportunity” trial. Future Oncol. 2016;12(19):2189–93. 
https:// doi. org/ 10. 2217/ fon- 2016- 0116.

 43. Robson M, Tung N, Conte P, Im S, Senkus E, Xu B, et al. OlympiAD final 
overall survival and tolerability results: Olaparib versus chemotherapy 
treatment of physician’s choice in patients with a germline BRCA 
mutation and HER2-negative metastatic breast cancer. Ann Oncol. 
2019;30(4):558–66. https:// doi. org/ 10. 1093/ annonc/ mdz012.

 44. Khanna K, Jackson S. DNA double-strand breaks: signaling, repair and 
the cancer connection. Nat Genet. 2001;27(3):247–54. https:// doi. org/ 10. 
1038/ 85798.

 45. Hughes-Davies L, Huntsman D, Ruas M, Fuks F, Bye J, Chin S, et al. EMSY 
links the BRCA2 pathway to sporadic breast and ovarian cancer. Cell. 
2003;115(5):523–35. https:// doi. org/ 10. 1016/ s0092- 8674(03) 00930-9.

 46. Dantzer F, de La Rubia G, Ménissier-De Murcia J, Hostomsky Z, de Murcia 
G, Schreiber V. Base excision repair is impaired in mammalian cells lack-
ing Poly(ADP-ribose) polymerase-1. Biochemistry. 2000;39(25):7559–69. 
https:// doi. org/ 10. 1021/ bi000 3442.

 47. Hoeijmakers J. Genome maintenance mechanisms for preventing cancer. 
Nature. 2001;411(6835):366–74. https:// doi. org/ 10. 1038/ 35077 232.

 48. Jasin M. Homologous repair of DNA damage and tumorigenesis: the 
BRCA connection. Oncogene. 2002;21(58):8981–93. https:// doi. org/ 10. 
1038/ sj. onc. 12061 76.

 49. Neuhausen S, Ostrander E. Mutation testing of early-onset breast cancer 
genes BRCA1 and BRCA2. Genet Test. 1997;1(2):75–83. https:// doi. org/ 10. 
1089/ gte. 1997.1. 75.

 50. Janatová M, Pohlreich P, Matous B. Detection of the most frequent 
mutations in BRCA1 gene on polyacrylamide gels containing Spreadex 
Polymer NAB. Neoplasma. 2003;50(4):246–50.

 51. Amé J, Rolli V, Schreiber V, Niedergang C, Apiou F, Decker P, et al. PARP-2, 
A novel mammalian DNA damage-dependent poly(ADP-ribose) poly-
merase. J Biol Chem. 1999;274(25):17860–8. https:// doi. org/ 10. 1074/ jbc. 
274. 25. 17860.

 52. Banasik M, Komura H, Shimoyama M, Ueda K. Specific inhibitors of 
poly(ADP-ribose) synthetase and mono(ADP-ribosyl)transferase. J Biol 
Chem. 1992;267(3):1569–75.

 53. Southan G, Szabó C. Poly(ADP-ribose) polymerase inhibitors. Curr Med 
Chem. 2003;10(4):321–40. https:// doi. org/ 10. 2174/ 09298 67033 368376.

 54. Affar E, Duriez P, Shah R, Sallmann F, Bourassa S, Küpper J, et al. Immu-
nodot blot method for the detection of poly(ADP-ribose) synthesized 
in vitro and in vivo. Anal Biochem. 1998;259(2):280–3. https:// doi. org/ 10. 
1006/ abio. 1998. 2664.

 55. Angell S, Baulcombe D. Consistent gene silencing in transgenic plants 
expressing a replicating potato virus X RNA. Embo J. 1997;16(12):3675–84. 
https:// doi. org/ 10. 1093/ emboj/ 16. 12. 3675.

 56. Fire A, Xu S, Montgomery M, Kostas S, Driver S, Mello C. Potent and 
specific genetic interference by double-stranded RNA in Caenorhabditis 
elegans. Nature. 1998;391(6669):806–11. https:// doi. org/ 10. 1038/ 35888.

 57. Zamore P, Tuschl T, Sharp P, Bartel D. RNAi: double-stranded RNA directs 
the ATP-dependent cleavage of mRNA at 21 to 23 nucleotide intervals. 
Cell. 2000;101(1):25–33. https:// doi. org/ 10. 1016/ s0092- 8674(00) 80620-0.

 58. Elbashir S, Harborth J, Lendeckel W, Yalcin A, Weber K, Tuschl T. Duplexes 
of 21-nucleotide RNAs mediate RNA interference in cultured mammalian 
cells. Nature. 2001;411(6836):494–8. https:// doi. org/ 10. 1038/ 35078 107.

 59. Brummelkamp T, Bernards R, Agami R. A system for stable expression of 
short interfering RNAs in mammalian cells. Science. 2002;296(5567):550–
3. https:// doi. org/ 10. 1126/ scien ce. 10689 99.

 60. Kraakman-van der Zwet M, Overkamp W, van Lange R, Essers J, van 
Duijn-Goedhart A, Wiggers I, et al. Brca2 (XRCC11) deficiency results in 
radioresistant DNA synthesis and a higher frequency of spontaneous 
deletions. Mol Cell Biol. 2002;22(2):669–679. https:// doi. org/ 10. 1128/ mcb. 
22.2. 669- 679. 2002.

 61. Tutt A, van Oostrom C, Ross G, van Steeg H, Ashworth A. Disruption of 
Brca2 increases the spontaneous mutation rate in vivo: synergism with 
ionizing radiation. EMBO Rep. 2002;3(3):255–60. https:// doi. org/ 10. 1093/ 
embo- repor ts/ kvf037.

 62. Foray N, Marot D, Gabriel A, Randrianarison V, Carr AM, Perricaudet M, 
et al. A subset of ATM- and ATR-dependent phosphorylation events 
requires the BRCA1 protein. Embo j. 2003;22(11):2860–71. https:// doi. org/ 
10. 1093/ emboj/ cdg274.

 63. Egawa C, Miyoshi Y, Takamura Y, Taguchi T, Tamaki Y, Noguchi S. Decreased 
expression of BRCA2 mRNA predicts favorable response to docetaxel in 
breast cancer. Int J Cancer. 2001;95(4):255–9. https:// doi. org/ 10. 1002/ 
1097- 0215(20010 720) 95:4% 3C255:: AID- IJC10 43% 3E3.0. CO;2-O.

 64. Tarsounas M, Davies D, West S. BRCA2-dependent and independent 
formation of RAD51 nuclear foci. Oncogene. 2003;22(8):1115–23. https:// 
doi. org/ 10. 1038/ sj. onc. 12062 63.

 65. Wang Z, Stingl L, Morrison C, Jantsch M, Los M, Schulze-Osthoff K, et al. 
PARP is important for genomic stability but dispensable in apoptosis. 
Genes Dev. 1997;11(18):2347–58. https:// doi. org/ 10. 1101/ gad. 11. 18. 2347.

 66. Schultz N, Lopez E, Saleh-Gohari N, Helleday T. Poly(ADP-ribose) polymer-
ase (PARP-1) has a controlling role in homologous recombination. Nucleic 
Acids Res. 2003;31(17):4959–64. https:// doi. org/ 10. 1093/ nar/ gkg703.

 67. Calabrese C, Batey M, Thomas H, Durkacz B, Wang L, Kyle S, et al. Identi-
fication of potent nontoxic poly(ADP-Ribose) polymerase-1 inhibitors: 
chemopotentiation and pharmacological studies. Clin Cancer Res. 
2003;9(7):2711–8.

 68. Jönsson G, Staaf J, Olsson E, Heidenblad M, Vallon-Christersson J, 
Osoegawa K, et al. High-resolution genomic profiles of breast cancer cell 
lines assessed by tiling BAC array comparative genomic hybridization. 
Genes Chromosomes Cancer. 2007;46(6):543–58. https:// doi. org/ 10. 1002/ 
gcc. 20438.

 69. Bernstein C, Bernstein H, Payne CM, Garewal H. DNA repair/pro-apoptotic 
dual-role proteins in five major DNA repair pathways: fail-safe protection 
against carcinogenesis. Mutat Res. 2002;511(2):145–78. https:// doi. org/ 10. 
1016/ s1383- 5742(02) 00009-1.

 70. Larminat F, Germanier M, Papouli E, Defais M. Deficiency in BRCA2 leads 
to increase in non-conservative homologous recombination. Oncogene. 
2002;21(33):5188–92. https:// doi. org/ 10. 1038/ sj. onc. 12056 59.

 71. Shall S, de Murcia G. Poly(ADP-ribose) polymerase-1: what have we 
learned from the deficient mouse model? Mutat Res. 2000;460(1):1–15. 
https:// doi. org/ 10. 1016/ s0921- 8777(00) 00016-1.

 72. Gallmeier E, Kern S. Absence of specific cell killing of the BRCA2-deficient 
human cancer cell line CAPAN1 by poly(ADP-ribose) polymerase inhibi-
tion. Cancer Biol Ther. 2005;4(7):703–6. https:// doi. org/ 10. 4161/ cbt.4. 7. 
1909.

 73. McCabe N, Lord C, Tutt A, Martin N, Smith G, Ashworth A. BRCA2-
deficient CAPAN-1 cells are extremely sensitive to the inhibition of 
Poly (ADP-Ribose) polymerase: an issue of potency. Cancer Biol Ther. 
2005;4(9):934–6. https:// doi. org/ 10. 4161/ cbt.4. 9. 2141.

 74. Cepeda V, Fuertes M, Castilla J, Alonso C, Quevedo C, Soto M, et al. 
Poly(ADP-ribose) polymerase-1 (PARP-1) inhibitors in cancer chemother-
apy. Recent Pat Anticancer Drug Discov. 2006;1(1):39–53. https:// doi. org/ 
10. 2174/ 15748 92067 75246 430.

 75. Griffin R, Curtin N, Newell D, Golding B, Durkacz B, Calvert A. The role of 
inhibitors of poly(ADP-ribose) polymerase as resistance-modifying agents 
in cancer therapy. Biochimie. 1995;77(6):408–22. https:// doi. org/ 10. 1016/ 
0300- 9084(96) 88154-5.

 76. Virág L, Szabó C. The therapeutic potential of poly(ADP-ribose) polymer-
ase inhibitors. Pharmacol Rev. 2002;54(3):375–429. https:// doi. org/ 10. 
1124/ pr. 54.3. 375.

 77. Dudás A, Chovanec M. DNA double-strand break repair by homologous 
recombination. Mutat Res. 2004;566(2):131–67. https:// doi. org/ 10. 1016/j. 
mrrev. 2003. 07. 001.

https://doi.org/10.1016/s1470-2045(11)70214-5
https://doi.org/10.1200/jco.2011.36.9215
https://doi.org/10.1200/jco.2011.36.9215
https://doi.org/10.1200/jco.2014.56.2728
https://doi.org/10.1056/NEJMoa1105535
https://doi.org/10.1056/NEJMoa1105535
https://doi.org/10.2217/fon-2016-0116
https://doi.org/10.1093/annonc/mdz012
https://doi.org/10.1038/85798
https://doi.org/10.1038/85798
https://doi.org/10.1016/s0092-8674(03)00930-9
https://doi.org/10.1021/bi0003442
https://doi.org/10.1038/35077232
https://doi.org/10.1038/sj.onc.1206176
https://doi.org/10.1038/sj.onc.1206176
https://doi.org/10.1089/gte.1997.1.75
https://doi.org/10.1089/gte.1997.1.75
https://doi.org/10.1074/jbc.274.25.17860
https://doi.org/10.1074/jbc.274.25.17860
https://doi.org/10.2174/0929867033368376
https://doi.org/10.1006/abio.1998.2664
https://doi.org/10.1006/abio.1998.2664
https://doi.org/10.1093/emboj/16.12.3675
https://doi.org/10.1038/35888
https://doi.org/10.1016/s0092-8674(00)80620-0
https://doi.org/10.1038/35078107
https://doi.org/10.1126/science.1068999
https://doi.org/10.1128/mcb.22.2.669-679.2002
https://doi.org/10.1128/mcb.22.2.669-679.2002
https://doi.org/10.1093/embo-reports/kvf037
https://doi.org/10.1093/embo-reports/kvf037
https://doi.org/10.1093/emboj/cdg274
https://doi.org/10.1093/emboj/cdg274
https://doi.org/10.1002/1097-0215(20010720)95:4%3C255::AID-IJC1043%3E3.0.CO;2-O
https://doi.org/10.1002/1097-0215(20010720)95:4%3C255::AID-IJC1043%3E3.0.CO;2-O
https://doi.org/10.1038/sj.onc.1206263
https://doi.org/10.1038/sj.onc.1206263
https://doi.org/10.1101/gad.11.18.2347
https://doi.org/10.1093/nar/gkg703
https://doi.org/10.1002/gcc.20438
https://doi.org/10.1002/gcc.20438
https://doi.org/10.1016/s1383-5742(02)00009-1
https://doi.org/10.1016/s1383-5742(02)00009-1
https://doi.org/10.1038/sj.onc.1205659
https://doi.org/10.1016/s0921-8777(00)00016-1
https://doi.org/10.4161/cbt.4.7.1909
https://doi.org/10.4161/cbt.4.7.1909
https://doi.org/10.4161/cbt.4.9.2141
https://doi.org/10.2174/157489206775246430
https://doi.org/10.2174/157489206775246430
https://doi.org/10.1016/0300-9084(96)88154-5
https://doi.org/10.1016/0300-9084(96)88154-5
https://doi.org/10.1124/pr.54.3.375
https://doi.org/10.1124/pr.54.3.375
https://doi.org/10.1016/j.mrrev.2003.07.001
https://doi.org/10.1016/j.mrrev.2003.07.001


Page 10 of 10Schmidt et al. Journal of Pharmaceutical Policy and Practice           (2022) 15:47 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 78. Hao L, ElShamy W. BRCA1-IRIS activates cyclin D1 expression in breast 
cancer cells by downregulating the JNK phosphatase DUSP3/VHR. Int J 
Cancer. 2007;121(1):39–46. https:// doi. org/ 10. 1002/ ijc. 22597.

 79. Digweed M, Rothe S, Demuth I, Scholz R, Schindler D, Stumm M, et al. 
Attenuation of the formation of DNA-repair foci containing RAD51 in 
Fanconi anaemia. Carcinogenesis. 2002;23(7):1121–6. https:// doi. org/ 10. 
1093/ carcin/ 23.7. 1121.

 80. Johnson J, Decker S, Zaharevitz D, Rubinstein L, Venditti J, Schepartz S, 
et al. Relationships between drug activity in NCI preclinical in vitro and 
in vivo models and early clinical trials. Br J Cancer. 2001;84(10):1424–31. 
https:// doi. org/ 10. 1054/ bjoc. 2001. 1796.

 81. Liu N. XRCC2 is required for the formation of Rad51 foci induced by 
ionizing radiation and DNA cross-linking agent mitomycin C. J Biomed 
Biotechnol. 2002;2(2):106–13. https:// doi. org/ 10. 1155/ s1110 72430 22040 
40.

 82. Rodon J, Iniesta M, Papadopoulos K. Development of PARP inhibitors in 
oncology. Expert Opin Investig Drugs. 2009;18(1):31–43. https:// doi. org/ 
10. 1517/ 13543 78080 25253 24.

 83. Thacker J. The RAD51 gene family, genetic instability and cancer. Cancer 
Lett. 2005;219(2):125–35. https:// doi. org/ 10. 1016/j. canlet. 2004. 08. 018.

 84. Ménisser-de Murcia J, Mark M, Wendling O, Wynshaw-Boris A, de Murcia 
G. Early embryonic lethality in PARP-1 Atm double-mutant mice suggests 
a functional synergy in cell proliferation during development. Mol Cell 
Biol. 2001;21(5):1828–32. https:// doi. org/ 10. 1128/ mcb. 21.5. 1828- 1832. 
2001.

 85. Tentori L, Portarena I, Graziani G. Potential clinical applications of 
poly(ADP-ribose) polymerase (PARP) inhibitors. Pharmacol Res. 
2002;45(2):73–85. https:// doi. org/ 10. 1006/ phrs. 2001. 0935.

 86. Ludwig Boltzmann Institute for Health Technology Assessment. Olaparib 
(Lynparza®) in patients with BRCA-mutated metastatic breast cancer. 
DSD: Horizon Scanning in Oncology No. 71. Vienna: 2017. https:// eprin ts. 
aihta. at/ 1136/1/ DSD_ HSO_ Nr. 71. pdf. Accessed 21 Jun 2022.

 87. National Institute for Health and Care Excellence (NICE). British National 
Formulary (BNF): Olparib. https:// bnf. nice. org. uk/ medic inal- forms/ olapa 
rib. html. Accessed 16 Feb 2022.

 88. Cross S, Rho Y, Reddy H, Pepperrell T, Rodgers F, Osborne R, et al. Who 
funded the research behind the Oxford-AstraZeneca COVID-19 vaccine? 
BMJ Glob Health. 2021. https:// doi. org/ 10. 1136/ bmjgh- 2021- 007321.

 89. Cleary E, Ledley F. NIH funding for research underlying new cancer 
therapies. Lancet Oncol. 2020;21(6):755–7. https:// doi. org/ 10. 1016/ s1470- 
2045(20) 30235-7.

 90. Darrow J, Light D. Beyond the high prices of prescription drugs: a frame-
work to assess costs, resource allocation and public funding. Health Aff 
(Millwood). 2021;40(2):281–8. https:// doi. org/ 10. 1377/ hltha ff. 2020. 00328.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/ijc.22597
https://doi.org/10.1093/carcin/23.7.1121
https://doi.org/10.1093/carcin/23.7.1121
https://doi.org/10.1054/bjoc.2001.1796
https://doi.org/10.1155/s1110724302204040
https://doi.org/10.1155/s1110724302204040
https://doi.org/10.1517/13543780802525324
https://doi.org/10.1517/13543780802525324
https://doi.org/10.1016/j.canlet.2004.08.018
https://doi.org/10.1128/mcb.21.5.1828-1832.2001
https://doi.org/10.1128/mcb.21.5.1828-1832.2001
https://doi.org/10.1006/phrs.2001.0935
https://eprints.aihta.at/1136/1/DSD_HSO_Nr.71.pdf
https://eprints.aihta.at/1136/1/DSD_HSO_Nr.71.pdf
https://bnf.nice.org.uk/medicinal-forms/olaparib.html
https://bnf.nice.org.uk/medicinal-forms/olaparib.html
https://doi.org/10.1136/bmjgh-2021-007321
https://doi.org/10.1016/s1470-2045(20)30235-7
https://doi.org/10.1016/s1470-2045(20)30235-7
https://doi.org/10.1377/hlthaff.2020.00328

	Counting the cost of public and philanthropic R&D funding: the case of olaparib
	Abstract 
	Background: 
	Methods: 
	Research: 
	Conclusions: 

	Background
	Methods
	Results
	Results of the bibliographic searches
	Preclinical research
	Description 
	Funding sources 

	Clinical trials
	Description 
	Funding sources 


	Results of research cited in patents
	Results of research funding to ICR for the development of PARP inhibitors for women with breast cancer

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


