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to assess potential biases. The importance of 
adequate reporting has been heavily reinforced 
and policed in healthcare-related research12–14, 
including in systematic reviews15; however, out-
side of healthcare-related research, discussion 
has been more limited. Despite the important 
potential implications of patent landscapes 
from a scientific, commercial and political 
perspective, criticism has emerged over a lack 
of standardization, transparency, clear justifica-
tion of the methodology, and reporting of the 
ad hoc investigations being conducted16,17.

Here, we provide the first systematic assess-
ment of the quality of reporting in patent 
landscapes in the life sciences that have been 
published in academic journals. Given the 
heterogeneous nature of the methodologies 
used for, and the questions addressed by, pat-
ent landscaping16, consistent methodological 
practice may not be practical or useful, and this 
could indeed stifle innovative methodologies 
from emerging. Clarity of reporting, however, 
is essential regardless of the approach taken 
and the hypotheses tested, and assessment of 
reporting clarity should represent a significant 
component of the peer review process and 
should be expected in scientific articles. Patent 
landscapes are published in a variety of journal 
types of different impact factors, and as vari-
ous different article types (e.g., review articles 
and original research articles). The relationship 
between these indicators and reporting quality 
is also explored.
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Despite the importance of patent landscape analyses in the commercialization process for life science and 
healthcare technologies, the quality of reporting for patent landscapes published in academic journals is inadequate.

Patents in the life sciences are a critical 
metric of innovation and a cornerstone 

for the commercialization of new life-science- 
and healthcare-related technologies. Patent 
landscaping has emerged as a methodology 
for analyzing multiple patent documents to 
uncover technological trends1, geographic 
distributions of patents2, patenting trends 
and scope3, highly cited patents4 and a num-
ber of other uses5. Many such analyses are 
published in high-impact journals6–8, poten-
tially allowing them to gain high visibility 
among academic, industry and government 
stakeholders. Such analyses may be used to 
inform decision-making processes, such as 
prioritization of funding areas, identification 
of commercial competition (and therefore 
strategy development), or implementation of 
policy to encourage innovation or to ensure 
responsible licensing of technologies. Patent 
landscaping may also provide a means for 
answering fundamental questions regard-
ing the benefits and drawbacks of patenting 
in the life sciences, a subject on which there 

remains considerable debate9–11 but limited 
empirical evidence.

The aim of the patent-landscaping process 
is to capture a set of pre-defined patent docu-
ments and to analyze them in some manner 
(Box 1). In general, the process comprises 
three main stages: (i) designing and conduct-
ing searches, (ii) data cleaning and curation, 
and (iii) data analysis and interpretation5. 
This process is analogous to the process for 
conducting systematic reviews of academic 
literature; however, in patent landscapes, the 
patent documents replace academic articles. 
Similar to systematic reviews, patent land-
scapes are important in allowing higher-
level insights to be drawn that could not be 
achieved by analysis of the documents in 
isolation. Unlike systematic reviews, how-
ever, patent landscapes are often published 
under different guises than those for original 
research articles, possibly leading to a lack of 
emphasis on the disclosure of the key pieces 
of information that underpin the analyses 
and conclusions.

As in any type of research, to allow for repro-
ducibility and effective evaluation of accuracy 
and quality, it is essential that studies are 
reported adequately. The specific methodolo-
gies used, and the results generated, must be 
reported; clear justification and the aims of the 
investigations need to be provided to assess 
the validity of any conclusions, and any fund-
ing or conflicts of interest should be disclosed 

James A. Smith and Andrew J. Carr are in 
the Nuffield Department of Orthopedics, 
Rheumatology and Musculoskeletal Sciences, 
University of Oxford, Oxford, UK;  
James A. Smith, Zeeshaan Arshad and  
David A. Brindley are at The Oxford–UCL 
Centre for the Advancement of Sustainable 
Medical Innovation, University of Oxford, 
Oxford, UK; Zeeshaan Arshad and Hannah 
Thomas are in the School of Medicine, 
University of St. Andrews, St. Andrews, UK; 
David A. Brindley is at the Department of 
Paediatrics, University of Oxford, Oxford, UK. 
e-mail: james.smith2@kellogg.ox.ac.uk,  
andrew.carr@ndorms.ox.ac.uk or  
david.brindley@paediatrics.ox.ac.uk 

Box 1  Definition of a patent landscape

A landscape is an analysis of the relationships between multiple sets of indicators or 
of those indicators measured against temporal, technical or spatial dimensions. In the 
case of a patent landscape, at least one of the indicators is patent publications or some 
aspect thereof. A landscape seeks to encompass an entire population of relevant data 
rather than a random sample drawn from that population (adapted from ref. 5).
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compliance was seen (Fig. 3a). Mean compli-
ance in research, review and ‘other’ articles 
were 70% (s.d. ± 8%), 55% (s.d. ± 16%) and 
60% (s.d. ± 17%), respectively (Fig. 3b). A 
significant effect of article type on compli-
ance was observed. Mean compliance in sci-
entific and ‘other’ journals was 64% (s.d. ± 
16%) or 63% (s.d. ± 11%), respectively, which 
did not differ significantly (Fig. 3c).

DISCUSSION
The final step in conducting academic 
research is not the analysis of data but 
the communication and dissemination of 
the research in a manner that allows the 
approach taken to be determined and repro-
duced, and the validity of the findings to be 
assessed18. The primary mechanism of this 
dissemination and communication within 
academia is via journal publications, which 
represent the means by which the quality of 
a study is assessed. Our analysis provides evi-
dence that the quality of reporting in patent 
landscapes in the life sciences in such publi-
cations is generally inadequate.

Reporting of methods and results. Many 
articles do not report critical methodological 

RESULTS
Search results, study inclusion and study 
characteristics. Searches and screening 
resulted in a total of 81 full-text studies for 
inclusion in this systematic review (Fig. 1; 
Supplementary Methods; Supplementary 
Tables 1 and 2). After the removal of dupli-
cate records, we screened the abstracts of 
3,348 articles for relevance and found 577 
records that could not be excluded based 
purely on reviewing the abstracts and titles 
and that were assessed as full texts, where 
available. We excluded 380 articles because, 
after deeper examination, they were not pat-
ent landscapes or reviews (n = 201), there 
was no mention of a search for patents (n = 
78),  they were not life science focused (n = 
100), or they were not journal articles (n = 1). 
An additional potentially relevant 116 arti-
cles were identified, which we were unable 
to exclude based purely on abstract or title, 
but for which the full text was not available.

Full-text papers that were included for 
analysis included a broad range of analyses 
(Fig. 2a), were published in different article 
types (Fig. 2b) and examined a number of 
different research areas (Fig. 2c). The most 
common forms of analyses were temporal, 
assignee and geographical, with each type 
of analysis appearing in 75% or more of the 
papers. Nearly half of the papers included 
here were research papers (49%), and the 
remaining papers were either reviews (29%) 
or other article types (22%). The majority 
(77%) of papers were published in scientific 
journals, and the rest (23%) were published 
in other categories of journals, such as legal 
or business journals (Fig. 2d). 

Quality of reporting
In 81 articles assessed for compliance with 
respect to 20 items that were considered 
together to represent an adequately reported 
study, none of the articles reported all of the 
items included in our checklist that were 
relevant to them. Mean compliance across 
all articles was 64% (s.d. ± 15%). Table 2 

lists the number and percentage of articles 
reporting each item.

The percentage compliance was not nor-
mally distributed (Shapiro–Wilk test of 
normality, W = 0.93392, P ≤ 0.001), and 
normality could not be achieved through 
transformation of the data. Therefore, 
Kruskal–Wallis tests were used for compari-
sons of compliance against to article and 
journal type, and a Spearman’s rank correla-
tion coefficient was calculated for compli-
ance with respect to the SCImago journal 
rank (SJR; http://www.scimagojr.com/journ-
alrank.php). No correlation between SJR and 

Figure 2  Characteristics of included patent landscape papers. (a) Types of analysis—percentage of 
patent landscaping articles conducting different types of analysis in studies included in this systematic 
review (n = 81 for all). Each article could be assigned to more than one type of analysis (definitions in 
Table 1). (b) Article type—article types in which patent landscapes included in this systematic review 
appear. (c) Technology area—the technology areas focused on in the articles included in this systematic 
review. Each article was assigned to a single technology area. (d) Journal type—type of journal in which 
patent landscapes were published, scientific or ‘other’, which included journals that are primarily 
focused on legal issues, business or other topics.

Figure 1  PRISMA flow diagram39 detailing the number of studies included at each stage and the 
reasons for removal. See Supplementary Methods for methodology.
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Full-text articles excluded, with reasons 
(n = 380):
  - Not a patent landscape/review (n = 201)
  - No search for patents (n = 78)
  - Not in the life sciences (n = 100)
  - Not a journal article (n = 1)

Records identi�ed through
database searching

Ovid (n = 1,024)
PubMed (n = 975)
Scopus (n = 2,437)

Science Direct (n = 1,201)

Records after 
duplicates removed

(n = 3,348)

Records 
screened

(n = 3,348)

Records 
excluded

(n = 2,771)

Full-text articles 
assessed

for eligibility
(n = 577)

Studies included in 
systematic review

Full studies (n = 81)
Abstract only (n = 116)
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tively poorly reported items (45%). Patents 
are inherently linked to commercial inter-
ests; therefore, the declaration of conflicts of 
interest and any funding sources is impor-
tant in the evaluation of potential biases. In 
clinical trials, lower quality of reporting has 
been associated with increased effect sizes20. 
Although there is no effect size, as such, to 
evaluate in patent landscaping articles, incen-
tives for the portrayal of inaccurate informa-
tion by authors or funders could easily be 
conceived, and the promotion of transpar-
ency for conflicts of interest and funding 
should therefore be encouraged.

Explaining reporting quality. Our findings 
are not limited to lower-quality journals. It is 
generally assumed that the higher the qual-
ity of, and therefore the quality of reporting 
in, an article, the higher the likelihood that it 
will published in a high-impact journal18,21. 
However, no statistically significant correla-
tion was observed between the SJR and the 
quality of reporting in patent landscaping 
articles (Fig. 3a), suggesting that reporting 
quality is not currently an important determi-
nant in the publication of patent landscapes 
in high-quality journals. This is unlike other 
areas, in which a number of studies conduct-
ing similar analyses in different fields have 
found marked relationships between impact 
factor and reporting quality22,23, and these 
may be due to the fact that there are a limited 
number of well-reported patent landscapes 
on which to model reporting.

items. Without full reporting of the following 
methodological items—eligibility criteria of 
patents to be included; search strategy; data-
bases, dates, patent offices and components 
of patents searched; software used; patent 
selection process; and details of analysis con-
ducted (Table 2, items 9 to 17)—reproducing 
and validating a patent landscape method-
ology is, in our opinion, not possible. Eight 
articles (9.9%) reported all of the method-
ological items that were applicable to them. 
Just one article (1.4%) reported that patent 
selection was blindly reproduced, and 24% 
of articles listed the patents included in the 
study, i.e., the data set on which the conclu-
sions and analyses were based.

The lack of reporting of key method-
ological items and results challenges the 
interpretation of the conclusions and ren-
ders the ability to reproduce studies (e.g., to 
update them) impossible in many cases. A 
patent landscape represents a considerable 
amount of effort, and without clarity over 
their methods and results, the impact of this 
effort can be substantially reduced; greater 
clarity would allow additional analysis to be 
conducted by researchers in the future, maxi-
mizing the potential benefit of the research19. 
Improvements in the reporting of the meth-
ods and results could allow for meta-analyses 
of patent-landscape-related papers and for 

independent researchers to use the results in 
their own investigations for other purposes. 

Potential for conflicts of interest. Conflicts 
of interest and funding sources are also rela-

Figure 3  Compliance relationships. (a) SCImago Journal Ranking: relationship between SJR and 
percentage compliance to the reporting item checklist (n = 81; Spearman’s Rho, rs = 0.085, P = 
0.475). (b) Article type: relationship between article type and percentage compliance to the reporting 
item checklist (error bars ± 95% CI; n = 81; Kruskal–Wallis test, H = 20.5, P < 0.001). (c) Journal 
type: relationship between article type (scientific journals and ‘other’ journal types, such as legal or 
business journals), and percentage compliance to reporting item checklist (error bars ± 95% CI; n = 
81; Kruskal–Wallis test, H = 0.114, P = 0.736).
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Table 1  Definitions of types of analysis used in the extraction sheet
Analysis type Definition

Temporal Any analysis that analyzes patent records temporally

Assignee Identification or analysis of the assignees of at least some patent records in a data 
set

Inventor Identification or analysis of the inventors of at least some patent records in a data 
set

Geographical Any analysis that breaks down a data set of patent records by geographical loca-
tion

Citation Analysis of patent record citations 

Classification Coding of patent documents according to the technical features of their con-
tent, as per generally recognized coding systems such as the Cooperative Patent 
Classification (CPC) system

Cluster mapping The use of visual display to highlight recurring themes and key words within pat-
ent documents and their relationships

Patentability An analysis into the patentability of certain subject matter

Freedom to operate An analysis that aims to identify potential freedom to operate issues, which was 
taken to include any assessment of potential ‘blocks’ to innovation, invention, etc.

Patent watch A summary or analysis of newly issued patent records, usually applications

Validity An analysis into the validity of patent claim(s)

Active/inactive An analysis of the patent status (active or inactive) for one or more patent records

Application/granted An analysis of application status (application or granted) of patent records

Claims analysis Any detailed analysis of claims, when stated in the context of being a claims 
analysis
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In some cases, more advanced analytical 
approaches have been used to interrogate pat-
ent documents in more detail, although these 
still raise some concerns. Software was used 
to thematically cluster patent documents and 
present the outcome visually in ‘cluster maps’ 
in some papers (28%). From such data, areas 
of high patent activity are often identified1,3,24 
and may be used to identify ‘gaps’ in the tech-
nology or research landscape25. Other papers 
have mentioned the use of patents to identify 
gaps, although not through an explicit meth-
odology26,27. Proprietary software is often used 
to generate cluster maps, but the algorithms 
underpinning such software are rarely dis-
cussed or detailed in the papers using them, 
and in some cases the algorithms underpinning 
the software do not appear to be publicly avail-
able at all. Without detailed analysis of patent 
claims by an expert, the identification of gaps in 
research or technologies is difficult to ascertain 
with existing methods; however, very few papers 
conducted any form of claims analysis (2%). As 
mentioned above, an appropriate discussion of 
the limitations would be useful in addressing 
these concerns.

Outlook. The findings of this systematic 
review are congruent with similar investiga-
tions that have been conducted in other fields 
reporting omissions in methods28,29 (includ-
ing statistical methods30), incomplete pre-
sentation of data thereby preventing analysis 
in the future31 and inadequate statements for 
conflicts of interest32. The findings also provide 
empirical evidence for statements previously 
made in relation to the quality of patent land-
scapes5. To address reporting issues in other 
fields, a great number of reporting guidelines 
have been developed, including checklists 
of items that should generally be reported, 
and which together represent an adequately 
reported study. Introduction33 and endorse-
ment34 of guidelines have been associated with 
improved quality in the reporting of clinical 
trials. Our study provides the empirical justi-
fication for the development of a guideline to 
improve the quality of reporting in patent land-
scaping articles, which is registered as being 
under development on the Equator Network 
website (http://www.equator-network.org). 
The purpose of the guideline is to improve 
transparency and standardization of report-
ing to allow reproducibility, comparability and 
accurate evaluation of patent landscapes. 

In the meantime, researchers involved in 
patent landscaping should aim to improve 
reporting quality, motivated by the fact that 
it will ultimately increase the impact of the 
research and provide a greater contribution 
to the scientific community. Authors have a 

Small but significant differences in report-
ing quality are associated with different article 
types. Perhaps expectedly, reviews are less well 
reported than research articles (Fig. 3), which 
indicates that structured paper formats might 
be more conducive to complete reporting. Given 
that patent landscapes may just be one compo-
nent of an otherwise narrative review, struc-
tured reporting, as in many research articles, is 
unlikely to be practical for all papers. However, 
emphasizing that the patent-landscaping com-
ponent of any paper represents research that 
others may wish to rely on for further analysis 
could help to improve reporting, and method-
ologies could be reported in supplementary 
materials.

Analysis types. Patent landscaping has pre-
viously been described, for the most part, as 
relatively simplistic5, and much of the analysis 

recorded and observed in our study supports 
this. A large proportion of papers presents num-
bers of patents over time, patents per geographi-
cal region, patents per assignee or inventor, or 
other count data (Fig. 2). There is no inherent 
problem in the use of such analyses; however, 
patent numbers and other such measures cannot 
alone portray all of the information that may be 
useful or required by the reader. For example, it 
is possible that within one research area, there 
are a large number of patents that focus on a very 
narrow set of inventions, whereas in another 
research area there may be very few patents 
with broad scope. Without some consideration 
of the information within the patent documents, 
discerning these differences would be challeng-
ing. With an appropriate discussion of limita-
tions, these issues could be allayed; however, 
limitations were discussed in less than half of 
the included papers (46%).

�Table 2  Number and percentage of articles that have reported items in the reporting-
quality checklist (n = 81; n = 70 for items with asterisks (*))

Section
Item 

number Item
Number of articles 
reporting (%)

General article 
information

A Full bibliographic information N/A

B Type of analysis conducted N/A

C Technology area of investigation N/A

D Article type N/A

E SCImago journal rank (SJR) of the journal in which the 
article is published for the year in which it is published

N/A

Title 1 Article identified as a patent landscape 46 (56.1)

Abstract 2 Overview of aims, methods and findings provided 36 (43.9)

Introduction 3 Aims and rationale of the investigation are stated 81 (98.8)

Methods 4 Description of the patent records aiming to be col-
lected is provided

78 (95.1)

5 Databases used to collect patent records are disclosed 75 (91.5)

6 Date ranges for any searches conducted are provided 61 (74.4)

7 Patent offices searched are specified 65 (79.3)

8 Component of patents searched is stated (e.g., claims, 
abstract and title)

43 (52.4)

9 Full electronic search strategy for at least one database 
searched is given

35 (42.7)

10 Process for selecting relevant patents is outlined, if 
applicable

39 (55.7)*

11 Software used for any analysis of data is detailed 50 (61.0)

12 Details of any data analysis is provided 73 (89.0)

13 Patent selection and/or data extraction, if applicable, is 
blindly reproduced

1 (1.4)*

Results 14 Summary statistics for the data set (e.g., in its simplest 
form, number of patents included in analysis)

66 (80.5)

15 If data is extracted from individual patents, then the 
data is included with the relevant patent citations

45 (54.9)

16 Results of any statistical analysis conducted are 
included

68 (82.9)

17 Patent records included in the study are listed, or a 
means to access them is provided (e.g., reference to 
supplementary material containing the list)

20 (24.4)

Discussion 18 The main findings of the study are discussed 78 (95.1)

19 The limitations of the study are discussed 38 (46.3)

Conflicts of 
interest

20 Any conflicts of interest are stated, and sources of 
funding are disclosed

37 (45.1)
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responsibility to ensure that information is 
clearly presented to readers in all forms of 
research, and patent landscapes should not 
be considered an exception. Journals and 
reviewers, too, are responsible for ensuring 
that reporting is adequate and must act as the 
gatekeepers by working with authors to ensure 
that transparency is achieved. We are not sug-
gesting that overwhelming the reader with 
methodological details and extensive results 
in every article is required; supplementary 
materials can and should be used to ensure 
comprehensive reporting. With improved 
transparency and comprehensive reporting, 
patent landscaping will continue to provide 
useful insights, critically, in a manner that 
allows them to be reproduced and fairly 
evaluated.

Limitations. This systematic review focused 
solely on the reporting quality of patent land-
scapes in academic journals. It should be noted 
that patent landscapes are commonly reported 
outside of academic journals, such as those 
conducted by government bodies or industry. 
The quality of reporting in certain available 
publications35 in general appears to be quite 
good, perhaps due to the lack of limitation 
with regards to document length in compari-
son to academic papers. However, even seem-
ingly detailed landscapes lack full disclosure of 
search terms36,37 and contain only superficial 
explanations of the algorithms employed38. 
The findings of this study may still, therefore, 
be useful in the context of reporting studies 
outside of academia.

Additionally, we were unable to access the 
full texts of 116 potentially relevant articles 
that could not be excluded on the basis of the 
abstract alone. There is no reason to suspect 
that these articles would have provided evi-
dence contrary to that presented.

Conclusions
Patent documents are an exceptionally rich 
source of information that can and should 
be mined and analyzed for a number of pur-
poses. The breadth of possibilities for analysis 
of patent documents may preclude the devel-
opment of standardized methodologies, and 
as such this may not be possible. However, 
without adequate reporting, the full value of 
such analyses will not be realized, and even 
the most rigorous and elegant investigations 
may be limited in reach because they simply 
cannot be reproduced and critically evaluated. 

With transparent reporting and consideration 
to the other observations made in our paper, 
the value of patent landscape studies within 
and beyond the academic community could 
increase considerably.

This work is licensed under a 
Creative Commons Attribution 4.0 
International (CC BY 4.0) license. 
The images or other third party 

material in this article are included in the article’s Creative 
Commons license, unless indicated otherwise in the credit 
line; if the material is not included under the Creative 
Commons license, users will need to obtain permission 
from the license holder to reproduce the material. To view 
a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/

Note: Any Supplementary Information and Source Data 
files are available in the online version of the paper.
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