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New cellular targets – new drugs on the horizon
Better management – drug-drug interactions
Improved diagnostics – pharmacogenetics

Pharmacological strategies to improve the treatment of pain
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The sites of action of broad-spectrum analgesics

Gudin J. Journal of Pain and Symptom Management http://dx.doi.org/10.1016/j.jpainsymman.2012.08.013



Capturing novel non-opioid pain targets
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What the analgesic targets do and where do they act?
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Clifford J. Woolf. Biological Psychiatry 2020; 87:74–81



Analgesic targets providing clinically validated efficacy
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Clifford J. Woolf. Biological Psychiatry 2020; 87:74–81



How were the targets discovered?
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Clifford J. Woolf. Biological Psychiatry 2020; 87:74–81



New targets in clinical development
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Clifford J. Woolf. Biological Psychiatry 2020; 87:74–81



Analgesic target clinical failures
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Clifford J. Woolf. Biological Psychiatry 2020; 87:74–81

• a2, a2 adrenergic receptor
• Cav3.2, voltage-gated Ca++ channel 3.2
• CB, cannabinoid receptor
• CCR2, C-C chemokine receptor type 2
• FAAH1, fatty acid amide hydrolase 1
• Kv7, voltage-gated K+ channel 7
• Nav1.7, voltage-gated Na+ channel 1.7
• NK1, neurokinin 1
• p38, protein 38
• TRPV1, transient receptor potential 

cation channel subfamily V member 1



Mitigation of drug-drug interactions
Better management of analgesic treatment
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Metabolism of opioids

Gudin J. Journal of Pain and Symptom Management http://dx.doi.org/10.1016/j.jpainsymman.2012.08.013
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Number of clinically relevant interactions stratified by 
medication characteristics

Marcath et al. BMC Cancer (2018) 18:1155
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Categories for clinical effects of DDI

R.W.F. van Leeuwen, M. le 
Comte and A.K.L. Reyners et 
al. / Seminars in Oncology 49 
(2022) 119–129
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Categories for potential DDIs and advice for managing DDIs

R.W.F. van Leeuwen, M. le Comte and A.K.L. Reyners et al. / Seminars in Oncology 49 (2022) 119–129
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Drug-drug interactions in cancer patients and their clinical 
relevance

Marcath et al. BMC Cancer (2018) 18:1155
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A bidimensional, oversimplified model is not predictive of 
clinically relevant DDI – Why?

Victim drugPerpetrator 
drug

DDI

Danesi R et al., unpublished please do not reproduce

A pharmacokinetic DDI model (the 
perpetrator is an inhibitor/inducer of 

victim drug metabolism; i.e., 
voriconazole and sunitinib)

A pharmacodynamic DDI model
(drugs with overlapping AEs, i.e., 

clozapine and paclitaxel)
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Because the following covariates are not taken into account 
while assessing the DDI
PK covariates
1. Weight, fat free mass
2. Liver/renal function
3. Age, Race, Gender
4. Clinical chemistry values
5. Hematologic values
6. Protein binding
7. Genotype of drug

metabolising enzymes
8. Disease stage
Joerger M. The AAPS Journal, Vol. 14, No. 1, March 2012
Tamargo J et al. Eur J Clin Pharmacol (2015) 71:549–567

Therapeutic index (TI)
1.It is the ratio 

between toxic vs. 
clinically effective
drug concentrations.

2.A safe drug has a 
wide TI, while an 
oncology drug has a 
narrow TI
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Multiprofessional evaluation of DDI

Assessment of the 
clinical risk and 

mitigation strategies

PK covariates

Victim drug

Perpetrator drug
(inhibitor / 
inducer)

Therapeutic
indexDDI

Danesi R et al., unpublished please do not reproduce

DDI

Clinical need: how many alternatives to the 
oncological drug (victim/perpetrator) do I have? 

Pharmacologic assessment Clinical assessment (with 
pharmacologic support)

DDI is associated to an 
increased risk/severity of 
already known (not 
unknown) ADRs 
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Improved diagnostics – It is time for 
pharmacogenetic testing to advance from an 
obscure unused test to a viable decision aid

Better management of analgesic treatment
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Bringing pharmacogenetics to the bedside

D. Max Smith, William D. Figg. The Oncologist, 2023, 28, 189–192
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Recommendations for PGx testing to guide pain 
management – CYP2D6

D. Max Smith, William D. Figg. The 
Oncologist, 2023, 28, 189–192



Recommendations for PGx testing to guide pain 
management – CYP2C9

D. Max Smith, William D. Figg. The 
Oncologist, 2023, 28, 189–192



Recommendations for PGx testing to guide pain 
management – CYP2C19 and CYP2D6

D. Max Smith, William D. Figg. The 
Oncologist, 2023, 28, 189–192



Conclusions

• The high efficacy of opioids, which have associated risks of addiction, 
tolerance, and dependence, has been a major driver of the opioid crisis, 
together with the availability, overprescription, and diversion of these 
drugs.

• Eliminating opioids without an effective replacement is, however, no 
solution, as it substitutes one major problem with another.

• For these reasons, we need to discover novel analgesics whose 
mechanisms do not involve the mu opioid receptor but that have high 
analgesic potency and low risk of adverse effects.

• This perspective, together with the adoption of improved management 
strategies (PGx implementation, DDI mitigation), will make pain treatment 
more effective than before.
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