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PDE4 inhibitors
Introduction



PDE4-I in food

Where you look for healthy stuff…

…you often find PDE4-inhibition
Dietary element Content Inhibition of…

Turmeric Curcumin PDE2 & PDE4

Oranges, lemons, 
grapefruit

Hesperidin PDE4

Celery, parsley, thyme, 
peppers

Luteolin PDE1–5 (incl. PDE4)

Onions, capers, 
apples, tea

Quercetin PDE4

Ginger Gingerol PDE (cAMP spec)

Coffee Fraction 8 melanoidins PDE



Marketed oral PDE4 inhibitors

Apremilast (Otezla®)
• Psoriasis
• U.S. represents ~42.8 % of the 

global apremilast market in 2024 
(~USD 2.67 billion global

• Prescribed to over one million 
adults worldwide

• Classic PDE4i side effects
• DK: Specialist (derm/rheum) 

prescription at around 210 
DKKr/day

Roflumilast (Daxas®/Daliresp®)
• COPD
• Generic
• Classic PDE4i side effects
• DK: General prescription at 

around 15 DKKr/day

Topical (Zoryve®) available in the 
US since 2022



PDE4-inhibitors have well 
established safety
• Roflumilast and apremilast have excellent safety profiles, 

demonstrated through market experience since 2011 and 2014
• Side effects are 

• gastrointestinal (appetite loss, nausea, loose stools), 
• headache and dizziness (related to excessive water loss), 
• and potentially depression (drug class risk inherited, but CNS side effects 

look more like temporary sleep disturbance during initiation)



Marketed oral PDE4 inhibitors differ in isoenzyme profiles

Apremilast (Otezla®)
• Dose 30 mg / twice daily

Roflumilast (Daxas®/Daliresp®)
• Dose 0.5 mg / once daily

PDE4 isoform Apr IC50 nM Rofl IC50 nM

A1 78 0,7

A4 42 0,9

B1 61 0,7

B2 97 0,2

C2 244 4,3

D2 54 0,3

D3 54 0,4

D4 41 0,2

D5 61 0,4

PDE4 isoform Apr IC50 Rofl IC50

A1 0,3 0,2

A4 0,2 0,2

B1 0,3 0,2

B2 0,4 0,05

C2 1 1

D2 0,2 0,1

D3 0,2 0,1

D4 0,2 0,1

D5 0,3 0,1

C2 
normalised



PDE4 B/D subtypes are central mediators of inflammation, constituting a promising target 
for broad cytokine inhibition and therapeutic application within immunology

PDE4

PDE4A

PDE4B

PDE4C

PDE4D

Four PDE4 subtypes 

are identified
PDE4 inhibition increases intracellular cAMP

Neutrophil

Macrophage

Monocyte

Eosinophil

T cell

PDE4 B/D subtypes are 

driving inflammation

Notes: cAMP = Cyclic adenosine monophosphate. pCREB = phosphorylated cAMP response element-binding protein. NFkB = Nuclear factor kappa-light-chain-

enhancer of activated B cells.  

Sources: Silverberg et al. (2023); Blauvelt et al. (2023)

Increased production of 

anti-inflammatory 

mediators by activation of 

the pCREB pathway



Reduced production of 

pro-inflammatory cytokines 

through inhibition of NFkB 

pathways



https://pubmed.ncbi.nlm.nih.gov/36527389/
https://pubmed.ncbi.nlm.nih.gov/37924462/


PDE4 inhibitors work intracellularly by increasing 
cAMP

PDE4 inhibition gives cAMP increase, leading 
to the activation of PKA and Epac1/2

Pro-inflammatory state: Lower levels of 
cAMP prevent the activation of PKA and 
Epac1/2

Illustrations from Carmona-Rocha et al 2025

PDE4 
inhibition

1 Resolution Pharmacology: State-of-the-art and therapeutic landscape, Peretti et al, 2025

cAMP is thought to be important for 
active pro-resolution signalling1 

https://pmc.ncbi.nlm.nih.gov/articles/PMC11769339/pdf/pharmaceutics-17-00091.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC11769339/pdf/pharmaceutics-17-00091.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC11769339/pdf/pharmaceutics-17-00091.pdf


PDE4-inhibitors have broad application

“…It seems that PDE4 inhibitors can 
safely and effectively assume a role 
analogous to that of TCS in treating 

a wide variety of inflammatory 
conditions encountered in 

dermatology daily.” 

Pioneers in the room!



Several new PDE4-Inhibitors are in 
development for inflammatory skin diseases

• Off-label use of apremilast 
and roflumilast

• New indications
• New molecules - both oral 

and topical

Link to review paper 

https://pmc.ncbi.nlm.nih.gov/articles/PMC11769339/pdf/pharmaceutics-17-00091.pdf


PDE4 inhibitors
Opgjorte kliniske data fra over et års erfaring med Roflumilast



Daxas i praksis
Introduktion til roflumilast september 
2024

Første patient i oktober 2024 (AD i 
tralokinumab + Xolair): markant effekt 
på kløe

Herefter forsøgt på: HS, AD, 
psoriasis/PPP, keratosis pilaris, lichen 
planus, seboroisk dermatitis, perianal 
kløe, blefarit, medikamentelt 
eksantem

Patienter i alt

41
Klinikliste

DAXAS (aktiv/remission)

27
Aktiv: 24  |  Remission: 2

DASTO (stoppet)

14
Mangl. effekt / bivirkninger

Dataindsamling: spørgeskemaer for patienter i fortsat behandling (n=17 analyseret)



Kohorte

Gruppe n Køn (K/M) Alder / varighed (median)

Aktiv behandling 25 19/6 Alder 38 år | Varighed 5,6 mdr

Stop pga remission/god effekt 2 1/1 Alder 41 år | Varighed 11,3 mdr

Stoppet 14 8/6 Alder 50 år | Varighed 0,5 mdr*

• DAXAS-kohorten er yngre end DASTO-kohorten.
• Ophør i DASTO sker typisk tidligt i forløbet.
• To patienter er stoppet pga remission/god effekt (DAXAS).



Behandlingsvarighed 
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Behandlingsophør vs Indikation

92%

64%

38%
29%

7%

13%

8%

29%

50%

71%

0%

20%

40%

60%

80%

100%

HS AD/eksem Psoriasis/PPP Øvrige

Aktiv (DAXAS) Stop pga remission/god effekt Stoppet (DASTO)

Indikation Total Beh Stop
AD 15 10 5
HS 12 11 1
PSO 7 4 3
Andre 7 2 5

41 26 14



Spørgeskema til aktivt behandlede ptt

• Besvaret af 17 ptt behandlet >1mnd
• Baggrund: Alder og køn
• Indikation: Hudsygdom behandlet med Roflumilast (HS, psoriasis, eksem, 

andet)
• Behandlingsvarighed: Tidsintervaller fra <1 måned til >12 måneder
• Bivirkninger:

• Symptomer oplevet tidligt i behandlingsforløbet
• Aktuelle symptomer på besvarelsestidspunktet

• Behandlingseffekt:
• Patientrapporteret effekt på hudsygdom (1–10 skala)

• Samtykke: Anvendelse af anonymiserede data til undervisning og evt. 
forskning



Bivirkninger start vs fortsat behandling
Ingen
symptomer

Nedsat lyst til
alkohol

Dårligt humør

Vægttab

Øget tørst

Madlede

Søvnløshed

Hovedpine

Bivirkning Tidligt Aktuelt
Hovedpine 59% 18%
Søvnløshed 29% 12%
Nedsat sult 18% 18%
Øget tørst 18% 18%
Vægttab 12% 0%
Dårligt humør 12% 0%
Nedsat lyst til 
alkohol 0% 6%
Ingen symptomer 0% 59%



Oplevet effekt på hudsygdom
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Høj (8–10) Moderat (6–7) Lav/ingen (≤5)

Gns: 7.7
Median: 7

Fortolkning

•8/17 angiver høj effekt
•2/17 angiver lav/ingen effekt



Foreløbige take homes fra klinisk erfaring

• Off-label roflumilast anvendes på flere dermatologiske indikationer; 
størst volume og effekt i HS og AD/eksem.

• Optrappes langsomt for at undgå adverse effects
• Aktiv kohorte er yngre end kohorten, der stopper
• Behandling fortsættes ofte i måneder til >1 år.
• I spørgeskema-subset ses overvejende moderat til høj 

patientrapporteret effekt og markant færre aktuelle bivirkninger end 
tidligt i forløbet.



PDE4 inhibitors
Broader perspectives on PDE4 inhibition



PDE4 targeting implies that there is a broader 
impact than on immune cells only

22

• Phosphodiesterases (PDE) are enzymes in all 

cells, which breaks down cAMP and cGMP, 

ubiquitous second messengers

• PDEs are expressed differently in different 

organs and cells. PDE subtypes and isoforms 

define how and where they work

• For example, the PDE4 subtype only breaks 

down cAMP, and thus do not impact cGMP 

signaling. 

• Intracellular signaling by cAMP is controlled by 

intracellular distribution of cAMP and adenylyl 

cyclases (AC), compartmentalization, and rapid 

breakdown of cAMP by specific PDE subtypes 

and isoforms. 

• Intracellular signaling by G-protein coupled 

receptors leading to activation of the membrane 

bound adenylyl cyclase is amplified if the 

relevant PDE4-isoform is inhibited.

• Metabolic AMPK-mediated intracellular signaling 

by changes in bicarbonate concentrations 

activating the cytosolic ACs is amplified if the 

relevant PDE4-isoform is inhibited.

• Thus, cellular effects are amplification of 

GPCR mediated signaling if the relevant PDE4 

isoform is inhibited, and amplification of the 

effects of physical activity if the relevant 

cytosolic PDE4 isoform is inhibited. 

• The specific PDE4D5 isoform is highly 

expressed in metabolic cells such as pancreas 

and adipocytes

• PDE4-inhibitors are small molecules with 

intracellular effects, and exert the effects on 

specific PDE4-isoforms

Organism

Tissue

Cell

PDE inhibition
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Recent broader research findings with marketed PDE4-inhibitors support 
broader impact than labelled anti-inflammatory effects 

Roflumilast was 

associated with a 

0.79% reduction in

HbA1c levels…

… which is similar to 

classic T2D drugs 

with same starting 

HbA1c level



24

Recent broader research findings with marketed PDE4-inhibitors support 
broader impact than labelled anti-inflammatory effects 

Weight loss related to the degree of 

over-weight…

… which is aligned with non-clinical studies demonstrating weight 

loss with maintenance of lean body mass, stimulation of muscle 

and bone cells 
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Recent broader research findings with marketed PDE4-inhibitors support 
broader impact than labelled anti-inflammatory effects 

Apremilast’s cardioprotective effect in psoriasis and anti-atherosclerotic impact on monocytes, Treichel A et al., 
EADV Amsterdam 2024, P3195

Despite more inflammation in 

those treated with apremilast, it 

seems they have reduced CV 

events and risk factors…

…and roflumilast is 

cardioprotective in animals and 

human cells
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Recent broader research findings with marketed PDE4-inhibitors support 
broader impact than labelled anti-inflammatory effects 

Academic effort to generate 

clinical evidence for cognitive 

improvement in neurodegenerative 

diseases, but no large RCT to 

document efficacy… 

…but a vast amount of non-

clinical and academic evidence 

support the potential
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Recent broader research findings with marketed PDE4-inhibitors support 
broader impact than labelled anti-inflammatory effects 

1) British Journal of Pharmacology (2012) 166 447–456
2) Archives of Razi Institute, Vol. 76, No. 6 (2021) 1803-1813
3) N Engl J Med. (2022), 9;386(23):2178-2187

Oral PDE4 inhibition prevents decrease in lung 

function in idiopathic pulmonary fibrosis3

- Ph2, double-blind, placebo-controlled trial

- With BI-1015550, an oral PDE4B inhibitor 

- In patients with idiopathic pulmonary fibrosisSEI = Scar Elevation Index

Topical PDE4 inhibition treat hypertrophic scars 

better than a class III steroid in vivo2

…and BI has completed a 

large scale Ph3 study in IPF, a 

classic model disease for 

fibrosis

PDE4 inhibition is thought to 

reduce organ fibrosis…
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Broad systemic impact

PDE4 

inhibition 

impacts
Inflammation

CV/metabolic

CNS

Fibrosis

Common 

denominator?



Hallmarks of aging: An expanding universe: https://doi.org/10.1016/j.cell.2022.11.001

Anti-inflammatory 

properties

Public research from 

many teams indicate 

broad beneficial effects 

and most Hallmarks, 

studying MOA,  

signalling cascades, 

cells, animals or 

humans

✓

✓

✓

✓

✓✓
✓

✓

✓

✓

✓

✓

Aging?



• Generic and Safe

• Multi-pathway Inflammaging Suppression: Direct inhibition of multiple inflammatory pathways 

implicated in aging and age-related diseases

• Selective Immunomodulation: Restores immune balance rather than causing broad, indiscriminate 

immunosuppression

• Tissue Preserving: Reduces fibrotic changes often seen in chronic disease and age acceleration

• Oral, Accessible, and Well-Tolerated: Its oral formulation and favorable side effect profile (relative 

to immunosuppressive drugs and biologics) enhance suitability for long-term preventative use

• Additional Benefits: Roflumilast may address metabolic syndrome, obesity, and possibly reduce the 

risk of chronic respiratory diseases, which are prevalent in aging and contribute to morbidity and 

mortality

30

Why might roflumilast be considered a longevity drug?



Summary

• PDE inhibiting molecules are found in many of beneficial dietary 
ingredients

• Oral and topical PDE4 inhibitors are available on the market, and 
others are in development

• MOA is gaining attention in the scientific and clinical literature
• Off-label clinical experience with roflumilast in a private derm practice 

indicate that
• Transparent information about side effects is necessary, most will have classic  

side effects at treatment initiation, many will be without significant side effects 
at continued treatment

• Patients with HS and AD seems to be most happy with the treatment
• PDE4 inhibition positively impact many of the systemic functions which 

deteriorate with aging
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