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Human experimental pain models can use specific pain mechanism and specific drug actions.
Pain biomarkers can indicate pain-mechanisms involved and how analgesics modulate pain.
Pain biomarkers can assess pain from different tissues.
Multi-modal, multi-tissue, multi-mechanism pain assessment approaches can better individualise treatment and improve analgesic drug development.
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a b s t r a c t

Background: Mechanistic, translational, human experimental pain assessment technologies (pain biomarkers) can be
used for: (1) profiling the responsiveness of various pain mechanisms and pathways in healthy volunteers and pain
patients, and (2) profiling the effect of new or existing analgesic drugs or pain management procedures. Translational
models, which may link mechanisms in animals to humans, are important to understand pain mechanisms involved in
pain patients and as tools for drug development. This is urgently needed as many drugs which are effective in animal
models fail to be efficient in patients as neither the mechanisms involved in patients nor the drugs’ mechanistic actions
are known.
Aim: The aim of the present topical review is to provide the basis for how to use mechanistic human experimental
pain assessment tools (pain biomarkers) in the development of new analgesics and to characterise and diagnose pain
patients. The future aim will be to develop such approaches into individualised pain management regimes.
Method: Experimental pain biomarkers can tease out mechanistically which pain pathways and mechanisms are
modulated in a given patient, and how a given compound modulates them. In addition, pain biomarkers may be used
to assess pain from different structures (skin, muscle and viscera) and provoke semi-pathophysiological conditions
(e.g. hyperalgesia, allodynia and after-sensation) in healthy volunteers using surrogate pain models.
Results: With this multi-modal, multi-tissue, multi-mechanism pain assessment regime approach, new opportunities
have emerged for profiling pain patients and optimising drug development. In this context these technologies may
help to validate targets (proof-of-concept), provide dose–response relationships, predicting which patient popula-
tion/characteristics will respond to a given treatment (individualised pain management), and hence provide better
understanding of the underlying cause for responders versus non-responders to a given treatment.
Conclusion: In recent years, pain biomarkers have been substantially developed to have now a role to play in early
drug development, providing valuable mechanistic understanding of the drug action and used to characterise/profile
pain patients. In drug development phase I safety volunteer studies, pain biomarkers can provide indication of efficacy
and later if feasible be included in clinical phase II, III, and IV studies to substantiate mode-of-action.
Implications: Refining and optimising the drug development process ensures a higher success rate, i.e. not discarding

drugs that may be efficient and not push non-efficient drugs too far in the costly development process. Mechanism-
based pain bio-markers can help to qualify the development programmes and at the same time help qualifying them
by pain profiling (phenotyping) and recognising the right patients for specific trials. The success rate from preclinical
data to clinical outcome may be f
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. Introduction

Development of new drugs for pain is a major challenge as the
osts for developing new compounds steadily increase, and the
umber of new analgesics approved is very low. Different regula-
ory bodies (FDA, EMA) use different strategies for approving pain
ompounds, which further complicates approval where, e.g. mil-
acipran and duloxetine are approved for fibromyalgia in US, but

ailed to be approved in Europe. Furthermore, it is clinically recog-
ised that patients with fundamentally the same pain conditions
ay respond differently to various drugs most likely because dif-

erent mechanisms are involved. Today limited success has been
ade in relating a symptom/mechanism (e.g. tactile allodynia) to

rug effects of a given treatment in a given pain condition (e.g.
ainful diabetic neuropathy). Even though comprehensive sensory
est protocols of specific sensory profiles have been developed
e.g. from the German Neuropathic Pain Network), it has not been
ossible to link sensory abnormalities with response to drugs in
europathic pain [1]. This has not been investigated in detail for
usculoskeletal and visceral pain conditions.
There is still substantial need to find more efficient ways in link-

ng patients’ profile with drug mode of action, but to further develop
nd implement such an idea, new analgesics are needed.

Optimising the drug development process and implementing
ew drugs in individualised pain management regimes by mech-
nistic profiling are, therefore, the path to follow in future. This
aper will address the concept of an advanced pain profiling using
ranslational, mechanism-based human pain biomarkers for pro-
ling/characterisation of pain patients (Fig. 1) and for mechanistic
rofiling of drugs in early development.

Approximately 19% of the adult population in Europe suffers
rom chronic pain, and 2/3 of those suffer from musculoskeletal
ain (e.g. back pain and osteoarthritis) [2]. The knowledge related
o the neurobiology of the pain system has exploded over the last
0 years, resulting in massive investments in developing new anal-
esics. A significant number of compounds are in the pipeline of
arious companies as many new targets have been discovered.

There has been a tendency to develop centrally acting com-
ounds targeting one very specific receptor (e.g. NK1), but this
trategy seems to have failed as a broader mode of action seems
mportant (“polypharmacy”), and in addition CNS drugs often cause
ide effects which disqualify them at an early stage.

Therefore, the tendency is currently to look for more selective
eripherally acting compounds as this dramatically reduces the
hances for adverse effects, but it poses the problem of reaching suf-
cient levels of drugs at the peripheral receptor site. Unfortunately
very limited number of new compounds have been introduced to

he market in recent years, and some were removed again due to
erious adverse effects (e.g. COX-II inhibitors), and other very effi-

to be an important factor for driving the side effects (accelerated
osteonecrosis, avascular necrosis).

2. Translational research

In the preclinical phase of drug development, there are many
confounding factors contributing to such variations, e.g. pain mod-
els, strains, breeding place, food, and laboratory conditions [3,4].
Kontinen and Meert [5] evaluated the predictive validity of four
peripheral nerve injury models across more than 100 studies and
concluded that the predictive sensitivity of these models ranged
from 61% to 88%, with unclear or relatively low specificity.

For musculoskeletal conditions (e.g. osteoarthrosis (OA)), the
predictability is most likely even lower. This lack of efficient trans-
lation between animal and human findings in drug effects is a main
hurdle for efficient drug development [6,7], and the current practice
is to move as fast into small human proof-of-concept studies as pos-
sible to avoid spending too much time and money on preclinical
studies not really contributing to the success of the development
programme.

Lack of efficacy is the reason for 51% of phase II trial failures
[8] although in rational drug development it can be expected that
preclinical data had showed significant effect in various preclin-
ical models. Developing translational and predictable pain models

Stimulation 1

Stimulation 2

Stimulation 3

Stimulation 4

Pain 

Stimulation

Pain

response

Volunteer or 

pain patient

Pain biomarker 1

Pain profile

Normal

range

1

2

3

4

Gain of

function

Loss of

function

Fig. 1. A theoretical sketch showing how a volunteer or patient is stimulated by var-
ious pain stimuli activating different nociceptors, pathways, and/or mechanisms.
The pain responses to the individual stimuli can then be assessed in a quantita-
tive way. A stimulus together with the associated response is termed a mechanistic
ient drugs (e.g. anti-NGF compound tanezumap) have not made it
n the large phase III trials again due to some unexplained adverse
ffects. The latter, however, seems to be on its way back into larger
rials as co-administration of NSAIDs retrospectively was found
pain biomarker (illustrated by dotted line box). At sketch 4, pain biomarkers are
combined to the mechanistic pain profile of the person. The individual responses
can then be inside or outside the normal range (shaded). If the response is outside
the normal range, it can either show a loss of function (e.g. hypoalgesia) or gain of
function (e.g. hyperalgesia).
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Fig. 2. The mechanistic pain profile composed of 4 mechanistic pain biomarkers
characterises the pain patient. Two of the biomarkers show gain of function, and
one shows loss of function. The patients are then exposed to drug A and/or B. Drug
A inhibits significantly the facilitated biomarker 1 response whereas drug B signifi-
cantly inhibits the facilitated biomarker 4 response. Theoretically, combining drug
A’s mode-of-mechanism with drug B’s mode-of- mechanism should cause an inhibi-
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o act as a bridge between animal and clinical research could sig-
ificantly enhance the rate of success in the development of new
nalgesics [9].

Moving from animal into patients adds a lot of new variables.
any factors can affect the outcome of a clinical drug study such as

omorbidities, psycho-social factors, unknown aetiology of pain,
uctuations in pain, and general malaise. Furthermore, often the
ctual pain level of a chronic condition in an individual patient does
ot correlate with what is expected to be the severity of the clini-
al condition, e.g. joint damage, size of peptic ulcer, nerve damage,
evel and expansion of inflammation. This clearly shows that other
actors such as reorganisation and sensitisation of the pain system

ay also be involved. Further, the area is complicated by the fact
hat the pain system can also show abnormal reaction in patient
opulations not even suffering from chronic pain (e.g. borderline
ersonality disorders, major depression, and schizophrenia). Pain

n individuals with cognitive impairment is another challenging
rea (e.g. dementia, elderly, and individuals with cognitive disabil-
ties) where little is known as to what is happening within the pain
ystem and how the patients do react to analgesics.

In more recent years regulatory authorities have pushed a
ocus on pain management in children, as companies have to
repare post-marketing paediatric plans when new compounds are

ntroduced to the marked. However, this will in future require bet-
er understanding of how the pain system in children with pain

ay reorganise (e.g. sensitisation) compared with in adults.

. New drugs and drugs in development

Five decades (1960–2009) of drug development for the treat-
ent of pain indicate that the total number of drugs specifically

eveloped as analgesics has been 39 in comparison with 20 drugs
eveloped for non-pain indications, but effective in pain [10]. These
ompounds include, but are not limited to gabapentin/pregabalin,
OX-II inhibitors, tapentadol, anti-NGF monoclonal antibodies
tanezumab), new alpha2delta subunit Ca2+ channel blockers,
otulinum toxins, TRPV1-antagonists (at present, efficacy demon-
trated only in volunteers), ziconotide, Nav 1.7 sodium channel
locker (volunteers), and a peripherally acting �-receptor agonist
volunteers). However, despite good analgesic effects in a variety of
nimal models, many compounds have failed in human phase I and
I clinical studies. As many negative data are not published, there
re most likely far more than those known from the literature such
s FAAH (fatty-acid amide hydrolase) inhibitors, NK1 antagonists,
se-dependent Na channel blocker, glycine-site NMDA antagonist,
GluR5 antagonists, TRPV1-antagonists (patients), CGRP receptor

ntagonist, and 5-HT-antagonist [10].
During the past 30 years an explosion in basic pain research

as occurred, identifying many new pain mechanisms leading to
any new candidate compounds in development [11]. Search for

pain” on ClinicalTrials.gov reveals approximately 14,000 human
rials of which a large proportion is related to new and exist-
ng analgesics. Among the many new potential drug candidates
re chemokine inhibitors, ORL-1 (opioid receptor-like receptor)
gonists, pro-inflammatory cytokine inhibitors, potassium channel
lockers, voltage-gated calcium/sodium channel blockers, cannabi-
oid receptor agonists, TRP channel antagonists, purinergic P2
eceptor antagonists, muscarinic/nicotinic acetylcholine receptor
ntagonists, MAP kinase inhibitors, imidazoline receptor agonists,
atecholamine modulators, cathepsin inhibitors, and modulation
f vesicular exocytosis. Anti-IL6 agents (sarilumab) may be a new

lass of compounds targeting inflammatory pain conditions (e.g.
heumatoid arthritis).

Due to the lack of success in introducing new compounds to
he marked, the industry is trying to identify new indications of
tion of the facilitated pain mechanisms indicating theoretically how individualised
pain management regimes could be implemented. How such an approach would
benefit patients needs to be proven for different classes of chronic pain disorders.

existing compounds, reformulate existing compounds (e.g. slow
release, topical administration) or combination of already existing
drugs in new ways.

4. Experimental pain models in early drug development

The many pharmaceutical companies currently developing new
analgesics have three basic needs to be fulfilled as early as possible
in the drug development programme:

• Speed: Minimising the time from preclinical development to
market.

• Efficacy: Investigating possible efficacy early in the development
process and increasing value of early clinical trials (phases I and
II) and suggesting optimal outcome variables.

• Prediction: Early prediction of efficient doses and patient popu-
lations who will benefit from the drug in clinical trials.

For proof-of-mechanism evaluation, experimental pain models
or human pain biomarkers can be used as tools for characterising
analgesic and antihyperalgesic action and help to qualify the above
factors. Experimental pain stimuli (including the modality, activa-
tion pattern, localisation, intensity, frequency and duration of the
pain stimulus) can be controlled, repeated over time, and quantita-
tive mechanism-based pharmacodynamic measures are provided
[12,13] (Fig. 1). In addition opportunities exist to match a mode-
of-action for a drug with a patient’s pain profile (Fig. 2) and hence
start to implement individualised pain management regime [13,14]
although there is still a long way to go before such a strategy can
be implemented.

It is evident that a chronic pain conditions can cause sensi-
tisation as manifested by centrally mediated components such

as allodynia, hyperalgesia, spreading sensitisation and spread-
ing of pain [15]. Surrogate models mimicking such symptoms in
healthy volunteers are likewise important in early drug develop-
ment [16,17] as they can act as a proxy for alternations in the
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eripheral or central neural apparatus in pain patients [18] and
articularly in neuropathic pain [16].

Recent reviews have summarised how different pain biomark-
rs have been used for drug profiling [13,19,20], and how
sychophysical, electrophysiological, and imaging assessments of
he evoked responses are used [12,21,22] (Fig. 2).

The German Neuropathic Pain Network test platform for quanti-
ative sensory testing includes a variety of static and dynamic pain
iomarkers specifically designed to profile patients with neuro-
athic pain and associated sensitisation [23]. This platform mainly
ddresses cutaneous pain, and therefore other biomarker platforms
re needed when patients with musculoskeletal or visceral pain are
o be profiled [24] as not only the cutaneous manifestations in those
atients are presented.

. Added value of pain bio-markers in patient profiling and
rug evaluation?

A recent review from a group of Pfizer researchers summarised
he benefits from using predictive biomarkers in drug development
25]. The analysis was performed on data from Phase II decisions
or 44 programmes at Pfizer. Not only the majority of failures were
ound to be caused by lack of efficacy but it was also not possible to
onclude whether the mechanism had been tested adequately in a
arge number of cases (43%). A key finding was that an integrated
nderstanding of the fundamental mechanistic and pharmacoki-
etic and pharmacodynamic principles of exposure at the site of
ction, target binding, and expression of functional pharmacologi-
al activity determined the likelihood of candidate survival in phase
I trials and improve the chance of progression to phase III.

As an example Morgan et al. referred particularly to Pfizers
opamine D3 receptor agonist (PF592379) programme for treating
ociceptive pain. In rat in vivo models, the compound had posi-
ive effects on several different endpoints (e.g. pressure allodynia
nd hyperalgesia and weight deficit in the monosodium iodoac-
tate (MIA) osteoarthritis model). This suggested a therapeutic
otential of dopamine agonists in the clinical treatment of nocicep-
ive pain states such as osteoarthritis. A randomised, double-blind,
lacebo and active-controlled, crossover study was conducted in
steoarthritis, but no effect of the drug was found on pressure pain
hresholds. It is known that dopamine receptors [26] may interact
ith the descending pain pathways, and hence it would have been

f importance to include a bio-marker of descending inhibition,
27] which is known to be impaired in patient with osteoarthritic
ain [28]. A restoration of the impaired descending inhibition by the
ompound would have proved the mode-of action in that particular
tudy.

Another example could be the development of TRPV1 antag-
nists as many companies are involved in developing such
ompounds and a number of experimental pain studies have been
onducted [29]. A human volunteer study [30] investigated the
ffect of an experimental TRPV1 antagonist on heat pain thresh-
lds, UVB-induced heat hyperalgesia, and on capsaicin-evoked
eurogenic inflammation. The compound increased the heat pain
hreshold, increased heat pain tolerance in the UVB-evoked inflam-

atory area, and reduced the area of capsaicin-evoked flare. The
agnitude of the pharmacodynamic effects was related to plasma

oncentration. These data strongly indicated that the compound
ight have analgesic efficacy and reduce hyperalgesia associated
ith inflammation. Many of the TRPV1 programmes have been

erminated due to unwanted central side effects (hyperthermia),

nd no selective peripheral acting TRPV1 antagonist are yet in later
linical trials.

Pain biomarkers and surrogate models can also be used to pro-
le existing drugs, and an example is where pain models have
an Journal of Pain 4 (2013) 226–230 229

been used to characterise and profile an existing toxin (botulinum
toxin A), as this toxin has been suggested to exert analgesic effects
in addition to muscle relaxation [31]. The toxin has also been
found to inhibit central sensitisation in animal models [32]. Thus,
the analgesic and anti-hyperalgesic effects of botulinum toxin
A were investigated in a human experimental volunteer study
using capsaicin induced hyperalgesia and allodynia (surrogate
model). Toxin pre-treatment induced a significantly long lasting
anti-hyperexcitability inhibition together with analgesic effects on
phasic pain stimuli and hence opening up new applications of this
drug in the area of pain [33,34].

Experimental studies have also been able to identify different
actions of existing opioids where for example oxycodone has been
shown to have a superior effect on visceral pain as compared with
musculoskeletal pain possibly due to a kappa-agonistic effect [35]
and opening up for new applications in chronic visceral pain [36].
Buprenorphine – as another opioid – has been shown to be more
antihyperalgesic as compared with, e.g. fentanyl [37] in human
surrogate models of hyperalgesia.

Koivisto and Pertovaara’s pain research groups have docu-
mented that blocking TRPA1 not only attenuates mechanical
hypersensitivity in diabetes but also attenuates loss of axon reflex-
function and loss of peptidergic nerve endings in diabetes [38].
Thus, research into analgesics and antihyperalgesics with blockers
of TRPA1 also promises to provide disease-modifying treatment of
peripheral diabetic neuropathy [38,39].

Finally, the recently established and by pain journal-editors
accepted guidelines for reporting analgesic trials in animals, the
ARRIVE-guidelines, promise to have a major impact on quality of
design, planning, execution, and reporting of pain and analgesic
research in animals, similar to what the CONSORT-guidelines did
for clinical analgesic trials [40,41].

6. Conclusion

The field of human pain biomarkers has advanced significantly
over the last 10–15 years, and many tools have been developed.
Today it is possible to apply those pain biomarkers to profile sen-
sory abnormalities in pain patients and to provide proof for action
mechanism of existing or new analgesics and anti-inflammatory
drugs. Refining and optimising biomarker test platforms for dif-
ferent pain categories (neuropathic, musculoskeletal, and visceral)
are needed. Future research focus should be on matching patients’
sensory profile with drug effects in order to pave the way for more
personalised and individualised pain management and for more
efficient development of new compounds. Utilising translational
pain biomarker may further increase the success rate from preclin-
ical data to clinical outcome of new drugs to the benefit of many
pain patients.
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