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The label “translational research” (TR) has become ever more popular in the biomedical domain in recent years. It is usually presented as an attempt
to bridge a supposed gap between knowledge produced at the laboratory bench and its use at the clinical bedside. This is claimed to help society
harvest the benefits of'its investments in scientific research. The past decade has witnessed a remarkable acceleration in the pace of translational cancer
medicine — genome sequencing of various human cancers has been broadly deployed in drug discovery programs, diagnostic tests have been developed
to predict molecularly targeted anticancer agents, advent of cancer immunotherapies, an enhanced appreciation of the complex interactions that exist
between tumor cells and their microenvironment have revolutionized the management of cancers. Treatment for cancer and palliative care (PC)
go hand in hand and the role of TR in PC can no longer be ignored. This paper discusses about the scientific discourse of TR in cancer care and its
implications for the practice of PC. It starts with a brief reconstruction of the history of the concept and subsequently unravels how the label is used
in clinical/research practice. In conclusion, TR seems to be driven by a changed relationship between science and society. “Translation” has become
important because society is thought to deserve a tangible return in terms of health and quality of life on its investment in basic biomedical science.
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INTRODUCTION

Recent decades have yielded unprecedented advances in
understanding the biological mechanisms underlying cancer
development, progression, and symptomatology. Translation of
this knowledge to the clinic promises new treatments tailored to
exploit the molecular intricacies of a patient’s tumor. In the cancer
field, this is what is generally understood by translational cancer
research. Translational research (TR) has been described in
various ways such as— “taking research from bench-to-bedside; "
“bridging basic research and medical innovation; ! “translating
research into medical practice (...);”® “translating science into
better healthcare.”* This article discusses about the translational
gap, the models of the translational process, current issues,
challenges, and successes with clinical implementation of
translational science. It focusses on TR in oncology and its
implications for palliative care (PC) medicine.

TRrANSLATIONAL RESEARCH IN THE BiomepicAL DomaIN

A nonsystematic search with the term “TR” in PubMed
shows that the term came in biomedical journals around 1950
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and grew exponentially from about the year 2000 onward
[Figure 1].

The early publications were mostly focused on research in
oncology.”'% Its inception goes back to the establishment of
Specialized Programs of Research Excellence by the U.S. National
Cancer Institute in 1992, which phrased TR as “from bench to
bedside!'" though the translational process can be linear or even
bidirectional. Lately, many institutions have started academic
programs in Clinical and Translational Science such as the British
Medical Research Council,!'!! the Advisory Council on Health
Research (RGO) in the Netherlands,? and the European Advanced
Translational Research Infrastructure in Medicine in 2009.%)

THE TRANSLATIONAL GAP

TR attempts to link basic sciences with new approaches for
preclinical, clinical science, and medical applications. It
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“bridges” the “gap” between basic life sciences and clinical
medicine."®! The “gap” can has been represented as “narrow”
T1 and “broader” T2, T3, and T4 [Figure 2].'

There are two identifiable causes of translational gap which
can be found in biomedical scientific practice — “external” and
“internal.” The “external” views are centered around individuals
who can further the translational process and deals with lack
of funds, paucity of communication between laboratory
researchers and clinicians, or strict regulatory guidelines for
human research. Most frequently, the translational gap is within
the research and development phase in linear model. However,
lack of awareness among clinicians about the latest biomedical
advances can hinder translation as well.l') Thus, developing
clinical guidelines can be an essential translational endeavor.!'®!
Again, a gap in between implementation and improved health
can be related to the expenses with new drugs or diagnostics,
where insurance companies might need to look at current
policies of reimbursement.!'”? Lack of backward translation is,
on the other hand linked to “external” causes, like restricted
access to results of scientific research!'® and nonpublication

of important negative results.!'” The “internal” views involve
scientific researchers and technology developers.?*?? Several
authors have argued that in vitro and animal models are not
par with the complex mechanisms in humans®-** and more
realistic models are needed.!** Other authors criticize
randomized clinical trials,['%>"2% citing them to be population
selective with limited external validity.?7*3% In these papers,
a constant urge has been the need for integration between
life sciences,!'¥ different experimental approaches,*!! clinical
sciences,*” and even population studies.*¥! Such integration
will need better computation power to handle big databases
which can only be provided with better technology systems.
Thus, there is a need to focus on new research methods along
with traditional ones.*

The underlying model of the translational process is useful
to distinguish different interpretations of TR. It can be a
linear model, a bidirectional model, or a complex one. Linear
model in innovation involves the achievement of the last step
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Figure 1: Number of published articles with the terms “translational research”, “translational science,”

appeared in a PubMed search (carried out in December 2016)

or “translational medicine” each year as
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Figure 2: “Blue Highways” on the NIH Roadmap!*4
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in individual or public health through preceding ones in a
stepwise pattern.[3637 Tt assumes that innovation starts with
basic science and is translated through medical knowledge
in pathophysiology before resulting in clinically relevant
technologies. Thus, different steps in innovation would run
on a time-dependent manner with a clear division in the
role played by each person involved and thus might be a
systematic way of achieving results. However, some authors
have criticized this approach as inadequate. StokesB® have
pointed out “use-inspired basic research” in the history of
biomedical innovation. He brings about the contribution of
Louis Pasteur in the field of microbiology. Bijker**) mentions
about a “pull and push”™ mechanism among various social
groups to bring about multidimensional development in
technology. Many authors have criticized the unidirectional
view on translation as they believe basic knowledge in science
can be modified and researched with findings from clinical and
population studies. They have coined this term as “backwards
translation.” This phenomenon can be conceptualized either
from a “narrow” view or from a “broad (er)” viewpoint. The
“narrow” view conceptualizes that the knowledge gained
in a specific stage of research is “fed back” to the earlier
phases.[*'#21 The “broader” views want the early phases to
be designed hand-in-hand with clinical practice, individual,
and/or population behavior.?%¥743-451 There have also been
pleas to involve endusers,**8! communities**>% in service
utilization-based research. Some authors have even gone a step
ahead to coin the translational process as “multidirectional”
and “dynamic,” increasing the jargons.*#¢31 There the
translational process is regarded as a continuous data exchange
within and between various research and nonresearch practices.

TR encompasses a heterogeneous set of activities such as
clinical biomarker development, introducing novel techniques
in clinical studies, the research and development of a novel
technique, formulation of guidelines for clinical practice, and
subsequent development of scientific knowledge.*>>3 The
value of TR is incontestable. It has resulted in a “translational
ethos” in biomedical sciencel® and an obligation for
biomedical researchers.’!! TR encompasses a heterogeneous
set of activities such as clinical biomarker development,
research, and development of novel techniques, introducing
novel designs in clinical studies, formulation of guidelines
for clinical practice, and subsequent development of scientific
knowledgel®¥ but has seen few publications in the fields of PC,
social sciences, arts, and humanities. There is a need to open
this domain of research to PC as well. There have been notable
successes of TR in cancer. This brings up new challenges as
well as opportunities for PC:

*  Microarray technology, next-generation sequencing,
and whole-exome/genome/RNA sequencing platforms
generate huge amounts of genomic data to unravel the
complex biology of cancers and variations in clinical
response. This has led to the development of newer

therapies such as cancer immunotherapy and targeted
gene therapy.’! Many of these therapies are offered in
clinical trials to patients with advanced cancer and that
has increased the responsibility of PC.F7 It is important
to mention here that PC is different from end-of-life
care. Patients with cancer can present to hospitals with
acute deteriorations in their health, and in this rapidly
shifting situation, it can be challenging to distinguish
correctly between a treatable cause (leading to recovery),
a transition to PC, or a transition to the last days of life.
A timely recognition of both the transition to PC and the
transition to the very end of life are required for optimal
care as has been pointed out in a discussion paper®®
Humanized mice models have been developed to
overcome the ethical and technical constraints of studying
human biology in vivo to study cancers, implication of
rational chemotherapy, and in pain research. However,
the complexity of the phenomenon of pain has made it
difficult to assess the true value of these advances as
pain studies are importantly affected by a wide range of
modulatory factors, including sex, genotype, and social
communication, all of which must be taken into account
when using these modelst”

PC drugs are often used outside their prescribing
license because strict adherence to recommendations
may be impractical.[’” Novel research techniques might
help avoid untoward implications of such necessary
practice. Use of predictive models such as isolated,
paced Langendorff-perfused heart model in female
rabbit to understand drug-induced electrophysiological
effects,! “high content screening technology”
in humans,®? programs such as Simcyp®! and
pharmacokinetic-pharmacodynamic modeling® can be
contemplated. The extrapolation of these model outputs
can help in better planning, efficacy, and reduced side
effects in drug trials

Biomarkers are used for diagnosis, selection of
therapy, prognosis, and for providing insights in
disease progression in oncology.®* The Neuberger
review made several recommendations to improve
end of life care, including research into the biology of
dying. An important aspect of the biology of dying is
the identification of biomarkers as indices of disease
processes. Biomarkers have the potential to inform the
current, limited understanding of the dying process and
assist clinicians in recognizing dying, in particular how
to distinguish dying from reversible acute deterioration.%!]
An exploratory analysis of prospective or retrospective
clinical data could be a way forward to determine the
prognostic-predictive clinical utility of a biomarker.
A well-designed randomized controlled clinical
trial (RCT) could follow this for further validation
Functional neuroimaging and related neuroimaging
techniques are becoming important tools for rehabilitation
research in PC. They can be used to determine the
effects of brain injury or disease on cognition and
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behavior. These techniques include functional magnetic
resonance imaging, positron emission tomography,
electroencephalography, magnetoencephalography,
near-infrared spectroscopy, and transcranial magnetic
stimulation. Related diffusion-weighted magnetic
resonance imaging techniques, including diffusion tensor
imaging and high angular resolution diffusion imaging
can quantify white matter integrity®”!

Research in PC is a heterogeneous field that encompasses
both qualitative and quantitative methods and descriptive
as well as interventional study designs. Despite providing
valuable evidence, its progress has been impeded by a
persistent uncertainty about the ethics of these studies. 5]
For instance, there have been concerns raised about whether
patients near the end of life should ever be asked to
participate in research although others have objected to this
extreme position.l®! Again, while administering informed
consent of the participants in PC, balance between
the ethical issues of right of the individual to receive
compassionate care and the scientific quest for efficacy
and safety of specific therapies needs to be maintained.
There are many difficulties in conducting RCTs in PC, and
use of innovative approaches such as response-adaptive
randomization procedures has been considered. Such
designs focus on minimizing the expected treatment
failures while maintaining the power and randomization
benefits.[” “Add-on” trials, where a new treatment is
added to the current treatments, the patient is receiving,
and rescue strategies may reduce the consequences to the
individual patients from being randomized to a placebo
treatment.[’") Crossover trial designs may also be useful in
studies of diseases but are only applicable when symptoms
are relatively stable. Using patients as their own control
markedly increases the power of the study, but concerns
about carryover effects between treatment periods are a
serious risk to the validity of the study."” Again, reluctance
of participants may result in under-enrolment or selective
enrolment which may fail to provide adequate precision
in quantifying the treatment effect and increase the
probability of type II errors. By including people with
relatively early or mild symptoms, the response rate may
be higher than expected; whereas novel interventions for
recalcitrant subjects may have a lower response rate than
standard therapy, thereby underestimating the treatment’s
potential usefulness. Poor participant adherence and
dropout are another problem which can substantially bias
the results of a trial.”! Although intention-to-treat analyses
may mitigate this bias if nonadherence or dropout rates
are higher in one group than in the other, such analyses
may also prevent a true effect of treatment from being
detected." New kind of trials has been designed to
overcome these challenges, for instance the “N-of-1"
trial, standard parallel-arm RCTs, fast-track RCTs where
controls receive delayed access to the intervention
and adaptive RCTs.[7% They can be either individual
patient or cluster randomization types. Pragmatic trials,

implementation research, community-based participatory
research, and demonstration projects are new approaches
to research that aim to close the gap and bring research
close to the real-life healthcare.[577

New medical knowledge and technologies are important
building blocks to enhance health and quality of life in the
society. TR in cancer has led to improvements in molecular
diagnosis, tumor heterogeneity, and newer systematic
therapies. This has brought challenges to the clinic in terms
of patient education, toxicity management, workflow, and
prognostication for PC. The process of “translation” is a nexus
of many ideas involved in the design of scientific work, which
needs anticipation and coordination with the requirements
for applicability in the future. Thus, collaboration between
researchers and stakeholders is vital to ensure the success of
TR and benefits to science and society.
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