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Cochrane is a global, not-for-profit organiza-
tion made up of over 13,000 members with 
50,000 supporters whose aim is to improve 

health-care decision making through the production 
of high-quality systematic reviews and other synthe-
sized evidence content. Cochrane’s network is made 
up of researchers, health-care professionals, patients, 
carers, and others interested in improving health 
outcomes for everyone. Cochrane’s scope is broad, 
meaning they will address any relevant health ques-
tion, though to date the focus has been on pairwise 
comparison reviews of interventions fed by primary 
evidence and data from randomized controlled trials.

The Cochrane Database of Systematic Reviews 
(CDSR) is the largest single repository of systematic 
reviews in the world, and all the reviewers in the CDSR 
conform to Cochrane’s high-quality methods and 
structure. CDSR currently contains nearly 8,000 pub-
lished reviews which are continually updated when 
new evidence becomes available, a key and unique 
feature of Cochrane Reviews. However, the CDSR 
data is currently not as structured and well-described 
as it could be. Thus, in 2014, Cochrane initiated the 
Linked Data Project, whose aim is to make Cochrane’s 
vast evidence base more discoverable and useful for 
decision-making.1 In what follows, we describe the 
current state of the Cochrane Linked Data Project in 
greater detail, and then discuss how this project can 
be useful for advancing our understanding of surro-
gate endpoint biomarkers.

Reaching Decision Makers and Researchers
Cochrane is widely considered the “gold standard” for 
health evidence in the form of its systematic reviews 
and meta-analyses that address specific PICO (Popu-
lation, Intervention, Comparator, Outcome) ques-
tions of clinical relevance. Its groups span healthcare 
domains from breast cancer to acute respiratory infec-
tions, as well as broader topic areas such as how care is 
delivered.2 Cochrane’s mission is three-fold: (1) to pro-
mote evidence-informed health decision-making; (2) 
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to help ensure that evidence reaches decision makers 
and researchers in a timely manner; and (3) to provide 
evidence in a context that facilitates rapid uptake and 
bridging the “know-do” gap.

The CDSR is published on The Cochrane Library 
and though it is technically a database, the reviews are 
presented and rendered as standard journal articles. 
The problem with this journal presentation format 
(PDF and HTML) is that the reviews often run to 
hundreds of pages long with many figures, tables, and 
analyses containing valuable results (e.g., effect esti-
mates, summary of findings, risk of bias assessments 
of trials and others) that are difficult to locate within 
the review and even more difficult to compare across 
reviews for PICO questions that span multiple reviews 

or topic areas. Yet, the ability to quickly and reliably 
compare evidence across reviews is critical for navi-
gating the evidence and compiling the data needed to 
inform decision- and policy-making. Thus, Cochrane’s 
journal article format for its reviews is, in some ways, 
undermining its own mission.

The PICO Ontology: Making Cochrane’s 
Data More Useful
Cochrane’s Linked Data Project began as a way of 
leveraging the structured data and unique identifiers 
(IDs) in Cochrane data repositories. Cochrane CEN-
TRAL is the largest repository of reports of random-
ized and quasi-randomized trials and currently con-
tains 1.3 million records, many of which are “studified” 
or linked together under a common trial ID.3 Although 
studies and reviews are published in a document view 
in The Cochrane Library, these records are, in fact, 

underpinned by highly structured databases that, as 
Cochrane updates the reviews, represents a dynamic 
evidence base. But even though there is relevant data 
and metadata on the clinical questions addressed in 
these records, it is neither consistent nor semantically 
structured. The goal of the Linked Data Project is to 
create a model — using a PICO ontology — that could 
describe the clinical question in a structured, comput-
able way. This rich PICO metadata links the reports of 
trials included in Cochrane Reviews with the review 
questions and their analyses.

Cochrane’s PICO ontology was developed to describe 
the minimal set of characteristics needed to describe 
a record (either a review or a study) in a way that 
would allow researchers or decision-makers to quickly 

identify relevant resources in Cochrane’s databases.4 
The model captures population (P) characteristics 
such as sex, age, and condition; intervention (I) and 
comparator (C) characteristics such as classification, 
intervention, delivery method, setting, dose, dura-
tion, schedule and others; and outcome (O) charac-
teristics such as classification, outcome measure, and 
domain, including endpoints. The PICO fields refer-
ence terms from controlled terminology sets includ-
ing SNOMED CT (https://browser.ihtsdotools.org/?), 
RxNorm (https://www.nlm.nih.gov/research/umls/
rxnorm/), MedDRA (https://www.meddra.org/), and 
WHO ATC (https://www.whocc.no/atc_ddd_index/) 
to populate the Cochrane ontology (or vocabulary). 
Unique, persistent identifiers (IDs) are assigned to all 
concepts in the model.

The PICO ontology is the model that now under-
pins Cochrane’s new PICO annotation tool, which 
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allows for the annotation of three separate sections of 
a Cochrane Review with the concepts contained with 
the model:

1.	The methods section, which outlines the PICO 
question that was framed in the Review protocol

2.	Each of the studies that have been found by the 
authors and included in the Review 

3.	Each of the meta-analyses conducted for the 
Review 

The tool is easily modified to allow PICO annota-
tion of reviews, studies or meta-analyses from other 
sources. These annotations are then put through a 
quality assurance process that is overseen by metadata 
specialists at Cochrane, as well as information special-
ists in Cochrane’s review groups.

This rich, semantically structured metadata gener-
ated in the PICO annotation process is then used to 
fulfil a number of core use cases for dissemination of 
Cochrane evidence. For example, a “PICOfinder” user 
interface has been developed and undergone several 
iterations through user testing with various core per-
sonas such as researchers, health care professionals, 
and information specialists. There are also search and 
concept application programming interfaces (APIs) 
developed that allow this data to flow and support 
interoperability with other tools and systems, such as 
the MAGIC App (http://magicproject.org/), a guide-
line authoring tool which codes PICO against recom-
mendations used in the development of health policy 
and guidelines. Later in 2019, Cochrane will roll out 
a PICO search and browse beta on The Cochrane 
Library platform that will address these core use cases 
of making Cochrane evidence more discoverable and 
usable with the aim of increasing impact on health 
care decision-making. The PICO ontology, annotation, 
and related dissemination work are also core pillars in 
Cochrane’s efforts to make its data FAIR, according to 
the FAIR data principles for scientific data manage-
ment and stewardship.5

Using Linked Data for Studying Biomarkers
Several Cochrane reviews and many study records 
in the repositories address the utility and validity of 
biomarkers uses. The PICO metadata facilitates bio-
marker validation research by making the relevant 
evidence in Cochrane’s data repositories accessible; 
supporting the power of a specific biomarker to be 
validated or rejected for a disease state, process, or 
response to an intervention or exposure.

For example, in the majority of cases a biomarker 
has been used in the O (Outcome) portion of the study 
or review, either to indicate a pharmacological or bio-

logical response to an intervention6 or as a surrogate 
endpoint.7 A growing body of Cochrane evidence uses 
biomarkers in the I/C (Intervention or Comparison) 
role — usually by evaluating the effectiveness of an 
intervention strategy guided by presence or absence 
of a specific biomarker,8 but sometimes by assessing 
the effects of making individuals aware of their bio-
marker status.9 A smaller number of reviews address 
a specific biomarker as part of the P (Population) by 
either restricting the population of interest to indi-
viduals who display the biomarker10 or performing 
sub-analyses of the effectiveness of the intervention in 
individuals with or without the biomarker.11

Cochrane reviews employ systematic and explicit 
methods to identify, select, and critically appraise rele-
vant research, and to collect and analyze data from the 
research identified. Since reviews typically extract and 
synthesize data on multiple outcomes, the clinical util-
ity of biomarker outcomes can be indirectly assessed 
by comparing effect sizes for the outcome assessed 
using a biomarker of interest with those assessed 
by non-biomarker outcomes (see SGLT-1 example 
below). This can be done on a study-by-study basis or 
across studies using the meta-analyses and data pro-
vided in the review. The Risk of Bias assessment pro-
vided in the review for each study points up any flaws 
in the design, conduct, analysis, and reporting of the 
study that could undermine its conclusions.

Reviews that include biomarkers as Intervention or 
Comparator provide a more direct measure of clini-
cal utility by showing the evidence12 (or lack thereof13) 
for effects of a biomarker-guided intervention strat-
egy on improving specific outcomes. Again, this can be 
assessed on a study-by-study or synthesized basis, with 
risks of bias provided. A special category of Cochrane 
reviews — diagnostic test accuracy reviews — directly 
address analytical validity by measuring sensitivity, 
specificity, ROC curves and other measures of the 
biomarker when assessed against a relevant reference 
standard.14 Cochrane does not currently provide PICO 
metadata to reviews of this sort, but we plan to do so 
in future.

To illustrate how Cochrane’s newly linked data can 
facilitate the study of biomarkers, we can look at a few 
use cases. For example, Hemoglobin A1c (HbA1c) is a 
biomarker with multiple contexts of use. It is (1) a diag-
nostic biomarker used to identify patients with Type 2 
diabetes mellitus; (2) a pharmacodynamic/response 
biomarker when evaluating patients with diabetes, to 
assess response to antihyperglycemic agents; and (3) 
a surrogate endpoint for reduction of microvascular 
complications associated with diabetes mellitus.

The HbA1c biomarker is included as an outcome in 
52 Cochrane reviews and 8,814 trials in CENTRAL. It 
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is worth noting that biomarkers in Cochrane Reviews 
will be primarily those that have found some use in 
clinical practice (such as HbA1C) whereas biomark-
ers that have only been used in research, are less 
likely to have been studied in Cochrane Reviews (e.g., 
MicroRNA — 1 Review and 704 trials in Cochrane 
datastores).

The HbA1c example translates into an Intervention 
Review with the following PICO: 

•  P diabetes
•  I/C antihyperglycemic agents
•  O HbA1c

Thus, the generic format for other biomarkers will be:

•  P – Condition
•  I/C Intervention(s)
•  O – Biomarker

This format would apply to many Intervention 
Reviews in Cochrane’s data repository and Cochrane 
Reviews will contain other outcomes which focus on 
clinical endpoints wherever available, therefore there 
is the potential to make indirect comparisons of bio-
marker results with clinical endpoints. For example, 
the Cochrane Review on Insulin and glucose-lowering 

agents for treating people with diabetes and chronic 
kidney disease15 contains the PICO:

•  P – Diabetes and chronic kidney disease
•  I – Insulin or glucose-lowering agents
•  C – Placebo
•  O – HbA1c, other biomarkers, clinical endpoints

The results from this review show a Summary of Anal-
yses for one of the glucose-lowering agents (SGLT2 
inhibitors) vs. placebo (see Figure 1). The biomarker 
outcomes and clinical endpoints have not been com-
pared to each but most of the work is done here to 
facilitate that question of interest by finding the stud-
ies that overlap and that address both.

We can also examine the forest plots from this 
review, which show that HbA1c is clearly lower with 
the SGLT2 inhibitors (Figure 2a). However, these 
agents do not appear to have effect on the clinical 
endpoints of all-cause mortality (Figure 2b) or inci-
dents of myocardial infarction (Figure 2c). While this 
analysis is by no means definitive, it does show how a 
drug can have a clear effect on a (presumed) surrogate 
endpoint without affecting the clinical endpoint—and 
with Cochrane’s PICO finder, it is far easier to find this 
information and use it as the starting point for a more 
rigorous evaluation of surrogacy.

Figure 1
Screenshot of Summary of Results Table from Cochrane Review CD011798: Insulin and glucose-lowering 
agents for treating people with diabetes and chronic kidney disease
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Another interesting example is the Cochrane 
Review of Supplemental oxygen for caesarean sec-
tion during regional anaesthesia,16 which includes 
the following in the analyses: clinical endpoint of 1 
and 5 minute Apgar scores and surrogate endpoints 

of various oxygenation levels. Again, we can see in 
the summary table that there was no effect of sup-
plemental oxygen on Apgar scores, but there were 
effects on the oxygenation biomarkers (Figure 3). 

Figure 2
Forest Plots for Effect of SGLT2 Inhibitors on HbA1c, All-cause Mortality, and Myocardial Infarction from 
Cochrane Review CD011798
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Semi-Automating Surrogate Endpoint 
Guidance
One powerful application for this approach — i.e., 
leveraging Cochrane’s PICO ontology to identify 
evidence for/against surrogate endpoint biomark-
ers — would be to try and interface directly with the 
United States Food and Drug Administration’s “Table 
of Surrogate Endpoints That Were the Basis of Drug 
Approval or Licensure.”17 First published in 2018, this 
table lists over 100 surrogate endpoint biomarkers 
that the Agency considers to be potentially useful for 
evaluating the effectiveness of new medicines, but it 
does not provide any direct links to the evidence base 
that would inform such use.18

A useful addition to this table would be a mecha-
nism that allowed users to explore the body of research 
in which each of the biomarkers on the table had been 
used in relevant clinical trial reports and systematic 
reviews. This could include links to detailed analyses 
tables in Cochrane’s data repositories that relate to the 
“Disease or use” and “Patient population” (columns 
1 and 2 in the FDA’s table, which correspond to P in 
Cochrane’s PICO ontology), the “Surrogate endpoint” 
(column 3 in the table, corresponding to an O in 
PICO), and the “Drug mechanism of action” (column 
5, corresponding to I/C in PICO). The concepts in the 
table mapped to the Cochrane vocab could generate an 
API call to Cochrane’s PICOfinder which would return 

Figure 3
Apgar scores as clinical endpoints with secondary outcomes of various oxygenation levels from 
Cochrane Review CD006161: Supplemental oxygen for caesarean section during regional anaesthesia
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the relevant evidence and facilitate drilling down to 
the detailed results data in the analysis tables.

After subsequent analyses are completed, these links 
to the evidence could be maintained dynamically with 
the Cochrane evidence base so that as the reviews and 
their results are updated, based on new trial data that 
is published, users of the FDA table could be notified, 
and subsequent analyses revised, as appropriate. This 
example demonstrates the power of the PICO ontol-
ogy and linked data approach to linking evidence via 
persistent identifiers and common terminology sets 
for improving the discovery of relationships between 
biomarker surrogate endpoints, clinical endpoints, 
and other relevant data from systematic reviews and 
meta-analyses.

Conclusion
The Cochrane Library contains a rich repository of 
studies and syntheses of studies relevant to biomarker 
research and validation. The linked data project with 
its PICO ontology and controlled hierarchical vocabu-
lary will improve the discoverability and usefulness of 
this resource — including helping to advance the rapid, 
systematic study of biomarkers — and better fulfilling 
Cochrane’s core mission to make evidence more avail-
able and accessible to the people who need it.

Note
The authors are salaried employees of Cochrane.
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