
Until recently, complex diseases were con-
sidered to be fairly homogeneous entities, 
defined by combinations of symptomatol-
ogy, bedside observation, macroscopic 
imaging, and classical biochemical and 
histopathological measurements. Over the 
past 50 years, reductionist approaches have 
brought about a paradigm shift in the way 
we think about such diseases. Nowhere is 
this more apparent than in diseases involv-
ing the immune system, which is governed 
by a complicated network of interacting 
pathways and processes, many of which 
remain incompletely understood. Recent 
progress in genomics, molecular immunol-
ogy and biotechnology, coupled with an 
increasing focus on translational research, 
has given rise to a real expectation that 
we are entering an era of personalized 
medicine, in which non-invasive molecular 
technologies are used to predict, diagnose,  
prevent and treat a diverse range of 
diseases.

With the number of publications on 
immune biomarkers rapidly increasing 
(BOX 1; FIG. 1), now is the time to take a broad 
perspective of the field. In this Science and 
Society article, we reflect on the advances 
that have been made so far in the immune 
biomarkers field, we examine barriers to 
future progress and we consider the legal 
and the ethical hurdles that need to be over-
come, as well as the potential societal effects.

Stratified medicine
Stratified medicine is an approach by which 
groups of patients with the same disease 
are subdivided into different categories 
depending on the underlying mechanism 
of disease and their probable response to a 
therapeutic intervention (FIG. 2). The earli-
est and most fundamental examples of this 
approach have been in use for many years. 
For example, patients are tested for levels 
of thiopurine S-methyltransferase (TPMT) 
activity before the commencement of aza-
thioprine treatment in order to identify 
those at risk of severe bone marrow toxic-
ity1. In addition, tyrosine kinase inhibitors, 
such as imatinib, are used to treat a specific 
subset of patients with chronic myeloid 
leukaemia or with acute lymphoblastic leu-
kaemia (ALL) who carry the Philadelphia 
chromosome2. However, it has only been 
with the advent of advanced molecular 
immunology that the real potential of a 
stratified approach has become apparent. 
For example, detailed analyses of BCR–ABL 
kinase domain mutations in Philadelphia 
chromosome-positive patients with ALL 
has facilitated the use of second- and  
third-generation tyrosine kinase inhibitors 
in patients stratified on the basis of the risk 
of non-response to first-generation agents; 
this streamlines therapeutic decisions 
and increases the chance of a response to 
treatment3.

When they were first introduced in the 
late 1990s, therapies that block tumour 
necrosis factor (TNF) transformed the lives 
of many patients with rheumatoid arthritis 
who had disease-modifying anti-rheumatic 
drug (DMARD)-resistant disease. However, 
for approximately 50% of the patients treated 
it had minimal effects on disease activity and 
progression4. The response to first-line agents 
is variable but the treatment for rheumatoid 
arthritis in most centres remains empirical, 
such that methotrexate is recommended as 
first-line therapy and TNF-specific therapies 
are only prescribed after failure of first-line 
agents5. Following the publication of several  
studies investigating the genetic and epi-
genetic factors that predict therapeutic 
responses to the different rheumatoid thera-
pies6, there is now an increasing focus on 
stratification, by which all patients receive the 
first-line therapeutic agent that they are most 
likely to respond to on the basis of defined 
genetic or epigenetic factors. The potential 
benefits of such an approach, both in terms 
of clinical efficacy and health economic  
outcomes, are compelling.

Personalized medicine. The concept of 
stratified medicine leads on to the idea 
of personalized or precision medicine, in 
which treatments are tailored to individu-
als. In cancer therapeutics, the process of 
identifying, isolating and expanding 
tumour- specific T cells in order to over-
come immune tolerance has been the focus 
of much research. The problematic issue of 
the rarity of such tumour-specific T cells in 
many types of cancer has been overcome 
with the advent of novel approaches, in 
which autologous T cells are isolated from 
tumour-infiltrating lymphocytes. These 
cells are then genetically modified using 
either the native α- and β-chains of a  
T cell receptor (TCR) that is specific for 
a tumour antigen, or a chimeric antigen 
receptor (CAR) that is designed to target 
tumour cells. The cells are then expanded 
in vitro before being infused back into the 
patient. CAR-based therapeutic strate-
gies have already yielded very promis-
ing results in trials for the treatment of 
haemato logical malignancies7. In addition, 
in solid-organ transplantation, cell-based 
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therapies to prevent allograft rejection are in 
the early stages of multi centre trials8. Early 
approaches using polyclonal cell popula-
tions (of regulatory T (TReg) cells, tolerogenic 
dendritic cells or suppressive macrophages) 
will ultimately lead to expansion of donor 
alloantigen-reactive cells from the recipient 
in order to match the treatment both to the 
recipient’s immune phenotype and to the 
donor organ9. There are further examples of 
autologous TReg cell-based therapies for auto-
immune disease, such as in type 1 diabetes 
and in inflammatory bowel disease10.

Immune biomarkers
A prerequisite for a stratified approach. 
The success of stratified medicine depends 
on our ability to accurately identify each 
‘stratum’ and thus to predict how indi-
vidual patients will respond. The promise 
of cancer genomics in enabling personal-
ized therapeutics has been the predomi-
nant factor driving the field of immune 
biomarkers.

In cancer therapeutics, the past 5 years 
has seen something of a revolution in 
immuno logically targeted approaches 
to treatment, including the develop-
ment of a novel therapeutic drug class of 
immune checkpoint-blocking antibod-
ies. Ipilimumab — which is a cytotoxic 
T lympho cyte antigen 4 (CTLA4)-blocking 
antibody — was the first immune check-
point antibody to be approved by the U.S. 
Food and Drug Administration (FDA) and 
to be licensed for the treatment of meta-
static melanoma11. Antibodies against other 
immune checkpoints, such as programmed 
cell death protein 1 (PD1) and its associ-
ated ligands, have since been approved11. 
Early trials showed that only a subset of 
patients experienced durable and long-
term disease control with these agents. 
However, responses to treatment can be 
predicted by biomarkers — such as absolute 
lymphocyte count for CTLA4-blocking 
antibodies12,13 and levels of PD1 ligand 1 
(PDL1) expression for therapeutics target-
ing the PD1–PDL1 pathway14 — which 
provide a mechanistic basis for therapeutic 
stratification.

The genomic variation that underlies the 
predisposition to autoimmune diseases is 
generally more complex than that in can-
cer15, with smaller effect sizes and hence 
smaller predictive power. Therefore, we need 
to balance our ability to measure multiple 
parameters of the immune response with 
the recognition that multiple interactions 
between cell types, cytokines and molecular 
networks — which vary both spatially and 
temporally — determine disease outcomes 
and therapeutic responses. Taking solid-
organ transplantation as an example of a 
complex immunological process, the prospect 
of detecting the earliest molecular signals 
that mark the initiation of the subsequent 
cascading immune response to an allograft 
justifies working within such a complex sys-
tem. Hartono and colleagues16 laid out this 
argument in a model of the immune response 
to an allograft (FIG. 3), in which the develop-
ment of acute rejection is represented as a 
continuum, from early molecular perturba-
tions through to late biochemical and clinical 
manifestations, with biomarkers functioning 
as both diagnostic and predictive parameters 
in order to facilitate the early treatment of the 
immunological process and thus to prevent 
organ dysfunction and the initiation of irre-
versible immunological processes (such as 
memory B cell and T cell generation).

Opening the black box. A biomarker can 
be based on gene expression, individual 
proteins, proteomics, metabolomics, histol-
ogy, imaging and even clinical observations 
(TABLE 1), to list a few examples. Recent stud-
ies have shown that there are marked differ-
ences between mRNA transcript levels and 
corresponding protein abundance when  
they are measured side by side17, which  
highlights the importance of choosing the 
most clinically appropriate biomarker.

MicroRNAs are known to have an impor-
tant role in immunological processes and in 
autoimmune diseases18,19, and as regulatory 
RNAs, they are likely to reflect the dynamic 
molecular milieu. In addition, microRNAs 
are present in the periphery in measurable 
quantities20, which raises the possibility 
that they function as circulating effector 
molecules and may be useful biomarkers21. 
For example, a microRNA-based molecular 
signature published in 2013 was found to 
reliably discriminate patients with sepsis 
from those with systemic inflammation of 
non-infective aetiology (systemic inflamma-
tory response syndrome (SIRS)) when used 
to assess patients in intensive care units22. 
Other potential sources of biomarkers and 
methods for their analysis are emerging 
(TABLE 1), such as long non-coding RNAs, 
deep-sequencing genomics, proteomics and 
metabolomics. Intestinal microbiota commu-
nities (or ‘metagenomics’) are another recent 
addition to an increasingly diverse range of 
potential biomarkers and they have already 
shown promise both in the stratification of 
hospitalized patients at risk of Clostridium 
difficile-associated diarrhoea23 and in the 
prediction of outcomes following allogeneic 
haematopoietic stem cell transplantation24.

In any given disease or immunological 
process, the question of where to look is often 
guided initially by the likelihood of yield and, 
further on in the workstream, by questions 
of practicality. In kidney transplantation, the 
search for biomarkers began in the allograft 
itself, with flow cytometry, whole-genome 
arrays and reverse transcription PCR 
(RT-PCR) platforms being used to analyse 
biopsy samples for the cellular and molecular 
markers that could reliably predict rejection 
or tolerance16,25,26. The next stage in biomarker 
discovery is to look for these markers in 
peripheral blood or in other sources that can  

Box 1 | What is a biomarker?

The National Institutes of Health Biomarker 
Definitions Working Group define a biomarker 
as “a characteristic that is objectively 
measured and evaluated as an indicator of 
normal biological processes, pathogenic 
processes, or pharmacologic responses to a 
therapeutic intervention” (REF. 50).

Figure 1 | Volume of immune biomarker publications. The bar chart shows the number of publications 
related to the search term ‘immune biomarker’ that were listed on PubMed between 1966 and 2013.Nature Reviews | Immunology
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be non-invasively sampled (such as urine in the  
case of kidney transplantation). However, 
the question remains as to whether subtle 
immunological processes taking place in the 
allograft will be detectable in the periphery. 
Is it a realistic goal to be able to detect use-
ful biomarkers in something that is spatially 
removed from the affected tissue? This prob-
lem is exacerbated by the fact that the markers 
we are looking for are often present in low 
abundance and have a short half-life. However, 
advances in biotechnology are facilitating the 
detection of extremely low concentrations of 
an increasing number of different molecules 
from small quantities of substrate. One exam-
ple of such an innovation in the proteomics 
field is SOMAscan (SomaLogic). This is a new 
platform for protein cataloguing in blood using 
aptamer technology and it has yielded impor-
tant findings in Alzheimer disease27, in non-
small-cell lung cancer28 and even in the normal 
ageing process29. Such technologies may 
facilitate the extrapolation of tissue-specific 
immune biomarkers to the periphery.

Hypothesis generating versus hypothesis 
testing. Immune biomarker discovery is 
often driven by technological platform 
development that is essentially ‘hypothesis 

free’. This approach raises the question of 
correlation versus causation. This issue, 
which was first introduced by the English 
epidemiologist and statistician Sir Austin 
Bradford Hill30 in the 1960s — more than 
a decade before the term ‘biomarker’ 
appeared in scientific literature — is fre-
quently debated. Although this issue is 
undoubtedly crucial in reductionist mecha-
nistic research, the use of a biomarker does 
not necessarily depend on a causal associa-
tion. A biomarker is ultimately defined 
not by its biological process or mechanism 
(sometimes defined as an ‘endotype’) but by 
its ability to predict a clinical response in a 
robust manner.

Conversely, data from biomarker dis-
covery programmes may provide novel 
insights into basic immunological pro-
cesses. For example, the search for a genetic 
signature of psoriasis highlighted several 
genes involved in T helper 17 (TH17)-type 
immunity31. Key pathways involved in the 
TH17 cell response were subsequently found 
to be crucial in the pathophysiology of the 
disease. This reciprocal approach has not 
only yielded new therapeutic avenues in the 
treatment of the disease32 but has also led to 
a new understanding of basic pathobiology.

Lost in translation
The discovery of aquaporin 4-targeting 
antibodies in patients with neuromyelitis 
optica has facilitated the accurate descrip-
tion and diagnosis of this disease as a 
distinct entity from relapsing-remitting 
multiple sclerosis (RRMS)33. As a result, 
patients who are positive for the aqua-
porin 4 antibody are no longer treated 
with interferon-β, a therapeutic agent that 
is effective in RRMS but that exacerbates 
neuromyelitis optica34. Immune biomarker 
success stories such as this one exemplify 
the potential benefits of the field. Cancer 
immunotherapy is perhaps the area in 
which there has been the most promising 
evidence of effective translation. Early trials 
highlighted the potentially life-threatening 
cytokine release syndrome (CRS) as a bar-
rier to the safe use of immunotherapies. 
CRS was found to be associated with 
increased circulating levels of several 
cytokines, particularly interleukin-6 (IL-6). 
A modified biomarker-led approach to such 
treatments has subsequently been devel-
oped, in which plasma IL-6 levels are meas-
ured early on in the treatment course and 
patients with high circulating IL-6 levels 
are treated with tocilizumab — which is an 
antibody specific for the IL-6 receptor — to 
limit the toxicity of the immunotherapy35. 
IL-6 has had similar success as a biomarker 
of acute graft-versus-host-disease (GVHD) 
risk in patients undergoing allogeneic 
stem cell transplantation36, with trials being 
planned for the near future in which IL-6 lev-
els will guide the targeted use of tocilizumab 
in high-risk patients.

Figure 2 | Comparison of different medical approaches. The figure compares the key features of 
empirical, stratified and personalized medical approaches, with examples from currently used 
approaches (in the case of rheumatoid arthritis) and potential future treatment strategies (in the case 
of solid-organ transplantation).
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Figure 3 | Timelines for treatment efficacy in 
allograft rejection. A model for allograft rejec-
tion showing the times at which different diag-
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treatment strategies. Figure is reproduced with 
permission from Hartono, C., Muthukumar, T. & 
Suthanthiran, M. Noninvasive diagnosis of acute 
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Transplant. 15 (1), 35–41 (2010). 

Nature Reviews | Immunology

Molecular

Histological

Tr
ea

tm
en

t e
ffi

ca
cy

Time after transplantation

Clinical

P E R S P E C T I V E S

NATURE REVIEWS | IMMUNOLOGY  VOLUME 15 | MAY 2015 | 325

© 2015 Macmillan Publishers Limited. All rights reserved



However, not all such work has resulted 
in successful translation. Despite many 
years of research in the field, the tradi-
tional methods that we use to diagnose 
renal allograft rejection remain mostly 
unchanged and the promise of a new non-
invasive immune- specific biomarker for 
allograft status still seems to be some way 
off, although several biomarkers are being 
investigated and may change future practice 
in the field37.

Why is it that some immune biomark-
ers have been successfully translated into 
clinical applications and others remain 
confined to the scientific literature? Clearly 
the complexity of the immunological 
processes plays a part, and the immuno-
logical response to an allograft is certainly 
complex. The reality of translation from 
promising discoveries in immune bio-
marker research to tests that are used in 
a day-to-day clinical setting is complex 
(FIG. 4). For an immune biomarker to make 
it from bench to bedside it must fulfil the 
following criteria: it must have the potential 
to provide an answer to an important clini-
cal question and to change clinical practices; 
it must show classification accuracy (that 
is, the ability to correctly classify a patient’s 
outcome); it must be practical to sample; it 
must be measurable in a medium- to high-
throughput manner that is time efficient, 
possible to standardize both within and across 

centres, and cost effective; it must be validated 
across large and multiple cohorts; and it  
must be acceptable for scientists, healthcare 
professionals and patients to adopt.

Many biomarker research projects falter 
at the validation or replication stage. The 
processes that are involved at this stage are 
complex enough to require a dedicated 
bioinformatics team in addition to input 
from clinicians to ensure the original clini-
cal question does not become distorted. For 
example, the clinical use of a putative bio-
marker depends not only on the area under 
the receiver operator curve but also on the 
shape of the curve itself. A biomarker with a 
specificity approaching 100% but a sensitiv-
ity closer to 80% is often of more clinical 
use than one with both a specificity and a 
sensitivity of 90%. Furthermore, variables 
with small effects on disease risk can be 
clinically informative, particularly as thera-
peutic agents are likely to have a much larger 
biological effect on disease pathways than 
the associated variants themselves. Clinical 
trials usually assume a deterministic model 
for validating outcomes from given variables. 
However, the immune system often behaves 
in an apparently non- deterministic manner, 
which means stochastic models (in which the 
probability of various final states is estimated 
from a given set of starting conditions) may 
well represent a more realistic approach to 
biomarker validation38.

The practical implementation steps 
involved in biomarker development require 
infrastructural changes for the purpose 
of storing samples (often in dedicated 
‘biobanks’) and high-throughput sample 
analysis technology, as well as careful analy-
sis of variance between different methods, 
centres and laboratories. Using a biomarker 
as a basis for clinical management requires 
clinical laboratory improvement amend-
ment (CLIA)-certified assays. In the exam-
ple cited above, in which circulating IL-6 
levels are used to guide the treatment of 
CRS with or without tocilizumab, the wide-
spread application of such biomarker-led 
treatment protocols will be hampered by 
the simple fact that CLIA-certified assays 
are not currently widely available for the 
measurement of cytokines in most hospital 
laboratories. This issue of standardization 
and practical implementation is a hurdle 
that many biomarkers will have to over-
come. However, researchers are beginning 
to focus on this problem with promising 
results. For example, in multi colour flow 
cytometry, which is a widely used tool for 
cellular biomarker discovery, there is very 
little reagent and protocol standardization 
between and even within centres, and data 
analysis methods are inherently subjective; 
as such, it is difficult to compare data from 
different studies. To address this, a novel 
lyoplate-based flow cytometry platform has 

Table 1 | Biomarkers, techniques, sources and applications in immune biomarker discovery

Clinical setting Biomarker type Detection 
techniques

Source of biomarker Applications of 
technique

Refs

General • Proteins
• Proteomics
• Metagenomics
• Gene expression patterns
• Epigenetics
• SNPs
• mRNAs
• mi RNAs
• Long non-coding RNAs
• Metabolites
• Cytokines
• Cellular markers
• Histological markers

• Gene or protein array
• RT-PCR
• Sequencing
• Flow cytometry
• ELISA
• Microscopy (including 

IHC)
• Imaging

• Diseased or affected 
tissue

• Lymphoreticular tissue
• Peripheral blood 

(PBMCs, serum or 
plasma)

• Urine
• CSF
• Synovial fluid
• Pleural fluid
• Saliva

• Prognostic
• Predictive
• Diagnostic
• Disease classification
• Monitoring
• Treatment-guiding
• Therapeutic-monitoring
• Surrogate end point

NA

Cancer immunotherapy Protein: PDL1 expression IHC Tumour tissue Treatment guiding 14

Rheumatoid arthritis Epigenetics: CpG motif DNA 
methylation

Array PBMCs Treatment guiding 5

Solid-organ 
transplantation

• Cellular markers: B cells
• mRNA: FOXP3 and 

α1,2-mannosidase

Cross-platform analyses PBMCs Prognostic 26

Sepsis and SIRS mi RNAs: miR-150 and 
miR-4772-5p-iso

Sequencing (validation: 
RT-PCR)

PBMCs Diagnostic 22

CSF, cerebrospinal fluid; ELISA, enzyme-linked immunosorbent assay; FOXP3, forkhead box P3; IHC, immunohistochemistry; mi RNAs, microRNAs; NA, not 
applicable; PBMCs, peripheral blood mononuclear cells; PDL1, programmed cell death protein 1 ligand 1; RT-PCR, reverse transcription PCR; SIRS, systemic 
inflammatory response syndrome; SNPs, single nucleotide polymorphisms.
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recently been developed, which has shown 
superior intra- and inter-assay variability 
and has facilitated medium-throughput 
sample processing39.

The advent of ‘big data’ as a concept 
in biotechnology is particularly relevant 
to immune biomarker research40 (BOX 2). 
From the beginnings of the human genome 
project in 1990 to the vast outputs from 
the most advanced deep-sequencing tech-
niques, we are generating more data than 
ever before, at an exponentially increas-
ing rate: for example, a single-sequenced 
human genome is around 140 gigabytes 
in size. The European Bioinformatics 
Institute (EMBL-EBI; part of the European 
Molecular Biology Laboratory), which is 
Europe’s central hub for bioinformatics 
data storage and one of the world’s largest 
biology data repositories, currently stores 
40 petabytes (1 × 1015 bytes) and estimates 
that new biological data are doubling 
every 9 months41. Although technologi-
cal advances in data storage are currently 
keeping up with the volume of data 
being generated, practicable data-mining 
applications, analysis tools and statistical 
methods are being stretched by the sheer 
volume and complexity of the data to be 
analysed and, in some notable cases, they 
are providing misleading analyses; the net 
reclassification index (NRI) was devel-
oped in 2009 to enable conclusions to be 
drawn about improvements in prediction 
performance gained by adding a set of bio-
markers to an existing prediction model. 
However, a recent paper found that rates  
of false-positive conclusions on the basis of  
NRI statistics were unacceptably high42. 
The transformation of data to useful  
information has never been so complex.

Clearly, despite an explosion of very 
promising research, the scientific rigour of 
biomarker research continues to lag behind 
that of therapeutic research. A detailed 
evaluation of published guidance and the 

conceptual framework in which biomarker 
research should be taking place is  
beyond the scope of this article but several 
publications have addressed this issue43.

The final hurdle to effective translation 
is acceptance by healthcare professionals, 
patients and the public. Cancer immuno-
therapy has markedly progressed in this 
respect, partly because the disease processes 
that are being targeted in many cases have 
no effective or well-tolerated traditional 
alternatives and as such, healthcare profes-
sionals and patients have historically been 
particularly open to novel approaches. The 
clinical framework in which oncologists 
work includes clinical trials as a part of 
every day practice and is clearly an example 
to be followed by other clinical specialties.

Can we afford it?
Biomarker research and the implementa-
tion of stratified medicine is an expensive 
pursuit (FIG. 4). Clearly not all potential 
immune biomarkers will satisfy health 
economists in terms of attractive cost-
benefit ratios. In addition, the novel 
therapeutic agents for which biomarkers 
are being developed are extremely expen-
sive; a single course of ipilimumab for the 

treatment of melanoma costs approxi-
mately US$120,000 (REF. 44). However, 
the costs of the technologies required for 
biomarker detection are decreasing (FIG. 4). 
In addition, beyond the initial research and 
subsequent infrastructural costs, there are 
marked economic advantages in the wide-
spread use of biomarkers in immunology. 
A shift from empirical first- and second-
line treatment protocols to a biomarker-
led stratified approach for rheumatoid 
arthritis — in which the vast majority of 
patients receive the treatment that is most 
likely to be effective for them as a first-line 
therapy — will result in health cost sav-
ings as a result of the avoidance of ineffec-
tive treatments. In addition, if all patients 
receive the most effective treatment from 
the outset, potential savings in terms of 
subsequent healthcare costs and loss of 
earnings are likely to outweigh the initial 
costs. A particular economic challenge 
that will need a solution is that of in-year 
health budgets and budget ‘silos’. Despite 
increased initial costs, personalized diag-
nostics may prove more cost effective in 
subsequent years and may produce cost 
savings in different areas. The pricing 
of assays that predict better response to 

Figure 4 | The immune biomarker workstream. An example of a workstream involved in taking an immune biomarker from bench to bedside.
Nature Reviews | Immunology
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Box 2 | Big data

The term ‘big data’ is meant to show the opportunities and the challenges that are facing all 
biomedical researchers in accessing, managing, analysing and integrating diverse data sets that 
are larger, more diverse and more complex than ever before, and that exceed the abilities of 
current management and analysis approaches: for example, data derived from imaging studies, 
phenotypic analyses, molecular profiling assays (including various ‘omics’), health records and  
the many other types of biological and biomedical data. Big data emanate from three sources  
(NIH Big Data to Big Knowledge):
• A small number of groups that produce very large amounts of data, usually as part of projects 

specifically funded to produce important resources for use by the entire research community.

• Individual investigators who produce large data sets and are often empowered by the use of 
readily available new technologies.

• An even greater number of sources that each produce small data sets (for example, research  
data or clinical data in electronic health records), the value of which can be amplified by 
aggregating or integrating them with other data.
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therapy in the long-term or the avoidance 
of adverse effects will need to be sensitive 
to these issues for them to be incorporated 
into routine clinical practice.

Biomarkers can also streamline the effec-
tive translation of biomedical research by 
enriching patient populations for preclinical 
testing and subsequent clinical trials. This 
will reduce the sample sizes that are needed 
to detect significant efficacy or treatment 
failure and, thus, will shorten observation 
times when the biomarker is an accepted 
surrogate end point45. Indeed, the FDA  
estimates that just a 10% improvement in  
the ability to detect drug failures before  
clinical trials could save $100 million in 
development costs per drug46,47.

When these factors are considered, the 
question that we should in fact be asking with 
regards to whether we can afford to pursue 
a biomarker-led approach to immunology 
research is, can we afford not to?

Legal and ethical pitfalls
The development of a biomarker that will 
promote the use of specific treatments 
might exclude a proportion of the currently 
treated population, as stratified medicine 
inherently restricts the potential number 
of patients for a drug. This is an issue that 
needs to be addressed with patients and it 
may also affect commercial revenues for 
specific therapeutics.

The area of disease prediction is always 
fraught with ethical dilemmas, particularly 
in the case of diseases for which there is 
currently little or no effective treatment. 
Regardless of personal choice and the 
moral dilemma of whether healthy indi-
viduals would want to know about their 
long-term risk of, for example, develop-
ing Alzheimer disease, there is also the 

question of whether insurance companies 
or potential employers could use immune 
biomarker results to discriminate against 
otherwise healthy individuals.

Detailed analyses of such questions, 
along with those concerning the issues 
of data ownership, privacy and informed 
consent, are beyond the scope of this 
article48,49. However, they do highlight the 
importance of carrying out immune bio-
marker research and developing stratified 
medicine approaches within a well-defined 
legal and ethical framework. Although the 
technological aspects of biomarker research 
and implementation are rapidly advancing, 
legislation invariably lags behind.

Conclusions
The use of biomarkers to facilitate a per-
sonalized approach to the prediction, 
diagnosis, treatment and monitoring of 
immune- mediated diseases is no longer 
speculative. We are entering an era in 
which stratified approaches to health and 
disease are increasingly realistic. Careful 
evaluation of clinical use, cost-benefit, 
predictive power and therapeutic relevance 
will be needed to ensure that promising 
immune biomarkers are appropriately 
prioritized in order to deliver maximum 
effects in the treatment of human disease.
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