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In 2005, several experts in tumor biomarker research publishe the REporting recommendations for Tumor MARKer prognostic
studies (REMARK) criteria. Coupled with the subsequent Biospecimen Reporting for Improved Study Quality (BRISQ) criteria, these
initiatives provide a framework for transparently reporting of the methods of study conduct and analyses.
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As the field of medical oncology evolved over the last 70 years,
tumour biomarker tests (TBT) have become indispensable to
determine prognosis, estimate prediction of benefit from therapy,
or monitor patients over time [1]. For example, in breast cancer,
estrogen receptor (ER) content in tissue is highly predictive of
whether anti-estrogen therapy is or is not likely to work (ER
positive), and its use is now standard of care for all patients with
this disease [2]. However, prior to the early 1990s, there were few
if any guidelines regarding how to judge the reliability of TBT or
the research studies purportedly demonstrating benefit from their
use. During that decade, a few commentaries began to highlight
the need for better quality evidence and to suggest particular
areas for improvement, but most published reports of tumour
biomarkers were difficult to evaluate or lacked sufficient informa-
tion to draw any meaningful conclusions [3–5].
In general, diagnostic tests, including TBT, should be used to

guide medical decisions only if they are reliable and are shown to
improve outcomes [6, 7]. These decisions require both analytical
validity and clinical utility. Analytical validity includes addressing
both pre-analytical processing and archiving issues as well as
specifics regarding the actual assay performance and its
interpretation [8]. Clinical Utility requires demonstration of high
levels of evidence documenting that patients for whom results of
the TBT are used to guide clinical decisions will have superior
outcomes compared to those for whom the test was not
considered [7]. Such high levels of evidence can be generated
either within prospective randomized clinical trials in which the
utility of the TBT is the primary objective [9, 10] or from
performing rigorous prospective-retrospective studies using
archived specimens collected from previously performed pro-
spective trials in a clinical setting relevant to how the TBT might
be used [11].
As in all scientific endeavors, evidence cannot be properly

evaluated to determine whether criteria are met to establish

clinical utility unless there is transparency about how the studies
were designed, conducted, and analyzed. Since most TBT studies
are retrospective, observational studies, they are prone to a variety
of biases due to confounding factors and extensive data analyses,
which may lead to generation of spurious results. Development of
guidelines for the reporting of TBT studies was initiated by a group
of experts at the recommendation of attendees at the First
International Meeting on Cancer Diagnostics (From Discovery to
Clinical Practice: Diagnostic Innovation, Implementation, and
Evaluation), convened in Nyborg, Denmark in July 2000 by the
US National Cancer Institute and the European Organisation for
Research and Treatment of Cancer (NCI-EORTC). These experts
subsequently issued the REporting recommendations for Tumor
MARKer prognostic studies (REMARK), published simultaneously
by this and other journals in 2005–2006 [12–19].
To enhance understanding and increase adherence to the

reporting guidelines, the REMARK group subsequently published a
comprehensive explanation and elaboration (E&E) companion paper
[20, 21] followed by an abridged version [22]. The latter publication
reduced the more highly technical content of the original REMARK
report and was more amenable to translation into other languages
(Chinese version available at https://mp.weixin.qq.com/s/
pNUJ9o9e_6vtcXI9CMKzFg). Moreover, the REMARK guidelines
contain a profile template for use with journal submissions to
promote the reporting of all 20 REMARK items (https://www.equator-
network.org/wp-content/uploads/2016/10/REMARK-checklist-for-
EQUATOR-website-002.docx). Furthermore, to promote structured
reporting of analyses, the REMARK profile is proposed in item 12
[20, 21]. This profile consists of two parts: (A) patients and treatment
variables and (B) statistical analysis of survival outcomes. The
statements of the reporting elements have stood the test of time
and remained unchanged throughout the years.
Later, the Biospecimen Reporting for Improved Study Quality

(BRISQ) criteria were developed to provide more detailed
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guidance on what information should be reported about
biospecimen collection, processing, and archiving [8, 23, 24].
BRISQ was designed to assess whether biomarker assays applied
to specimens are likely to produce reliable and interpretable
results.
Taken together, these structured reporting guidelines were

intended to have an impact on development of TBT for clinical
use. Recently, the impact of simplified but structured reporting
was evaluated by Sauerbrei et al, who reviewed 15 papers
published in 5 journals [25]. They reported that structured profiles
can, indeed, enable readers to quickly and accurately understand
the aims of the paper, the patient population, and all statistical
analyses performed, including their weaknesses.
Despite these efforts, actual adherence to REMARK and the

quality of reporting still leave much room for improvement. For
example, in a systematic review of prognostic factor (including
TBT) studies published in high-impact journals, Kempf et al.
demonstrated evidence of incomplete and selective reporting
[26]. Sekula et al. observed that after publication of REMARK,
details of reporting were slightly better in articles citing REMARK
compared to those that did not [27]. However, when comparing
pre- to post-REMARK, they found that, regardless of whether
REMARK was cited, the change in reporting quality was barely
perceptible, and many key items were still very poorly reported.
These authors concluded that the potential overall improvement
was possibly diluted by lack of attention to REMARK and they
urged a concerted effort from authors, editors, reviewers and
methodologists to improve the situation. Interestingly, a study by
Botos suggested that (1) authors’ claims of adherence to reporting
guidelines in general (not specifically REMARK) tend to be
overstated compared to review and editorial staff judgment; and
(2) judgement by reviewers and editorial staff that reporting in an
article is high quality tends to associate more closely with
favorable editorial decisions compared to authors’ judgments of
their reporting [28].
Although REMARK was initially aimed at tumour marker

prognostic studies, efforts to expand upon some of the REMARK
reporting elements and recognition of their applicability to other
types of TBT studies within oncology and even other diseases
soon followed. Moreover, the concept of structured reporting of
analyses can be easily transferred to many other types of
biomedical and methodological research studies [25]. Going
beyond the focus on prognosis, Collins et al developed the
TRIPOD (Transparent Reporting of a multivariable prediction
model for Individual Prognosis or Diagnosis) statement, noting
that the two reporting guidelines most closely related to
prediction models are REMARK and the Genetic Risk Prediction
Studies (GRIPS) statement [https://www.equator-network.org/
reporting-guidelines/strengthening-the-reporting-of-genetic-risk-
prediction-studies-the-grips-statement/] [29]. The latter is aimed at
studies of genetic risk prediction involving large numbers of
genetic variants. TRIPOD explicitly covers all types of predictors in
all medical domains. Currently there is an effort underway to
update and expand the REMARK reporting guidelines to include
any type of factors used for diagnostic or prognostic purposes,
both within and outside of oncology (https://www.equator-
network.org/library/reporting-guidelines-under-development/
reporting-guidelines-under-development-for-other-study-designs/
#REMARK).
Complete, transparent and unbiased reporting of research is

critical to enable evaluation of appropriateness and quality of
study design, methods, and analysis, to promote replication and
facilitate comparison across studies, and to understand the
context in which study conclusions apply. All research expends
resources and effort, and thorough reporting is essential to realize
its full potential. Just as the research takes effort, so does good
reporting. Greater attention by researchers, journals, and research
funding bodies to reporting guidelines like REMARK, and the

myriad other reporting guidelines of relevance to health research
catalogued by the EQUATOR Network (https://www.equator-
network.org), is needed to maximize the value of health research.
Although reporting guidelines are not intended to instruct

researchers in how to design, conduct, or analyze their studies,
reviewing the REMARK elements can serve as a useful reminder of
issues that are important to consider in these aspects. Attention to
reporting guidelines when planning a study may therefore have
the potential to improve study quality through indirect means.
Ultimately, the goal of any biomedical study is to improve patient
care, but application of any technology to guide clinical practice
cannot occur without reliable information regarding analytical
validity and clinical utility, which can only be evaluated with
complete and proper knowledge provided by transparent
reporting of the methods used to identify patients, collect and
handle specimens, and analyze results.
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