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NITs of the ECM and weight loss

Morten A. Karsdal, MsC, PhD, mMBA
Head of R&D, CEO, Nordic Bioscience

1. Is the ECM important and the prevalance of ECM diseases
2. Unicorn Biomarkers – thoughts on RLSE and biomarker development
3. Biomarkers and weight loss



Collagen is not just collagen & the regenerative ECM is NOT the 
fibrogenesis ECM – Biomarkers and weight loss 

+30 years of ECM experience

3rd edition

The 28 (46) collagens, laminins and elastins
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Why work with Biomarkers? 
Insights from biomarkers unlock an earlier value inflection point
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Value shift to Phase Ib (vs Phase II)

Imaging 

ELF

% change from baseline
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Ph. III

Clearer go / 
no-go decision

3x higher
success rate for 

clinical trials1

Directing 
resources to 

the right 
development

Biomarkers reflecting disease activity

Baseline

Placebo group

Treatment group

2 weeks

Efficacy shift 
(measurable in 
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Prevalence and mortality 
of extracellular matrix-
related chronic diseases 
Rosa C Christiansen, Ms, Cecilie L Bager, PhD, Andrea Heinz, PhD, Anne C Bay-Jensen, PhD,
Diana J Leeming, PhD, Prof Dinesh Khanna, MD, Federica Genovese, PhD, Florian Rieder, MD,
Georg Schett, MD, Joachim H Mortensen, PhD, Kim Henriksen, PhD, Nicholas Willumsen, PhD, Prof
Philip G Conaghan, MBBS, Prof Raghu Kalluri, PhD, Scott L Friedman, MD, Signe Holm Nielsen, PhD,
Signe Larsen, Ms, Prof Stephane Heymans, MD, Prof Toby M Maher, MD, Prof Søren Brunak, PhD,
Prof Morten A Karsdal, PhD
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Fibrotic diseases

Chronic disorders characterised by excessive 
ECM formation relative to degradation.

Tissue destruction diseases

Chronic disorders characterised by 
excessive ECM degradation relative to 

formation.

Non ECM diseases

Disorders not characterised by chronic 
persistent dysregulation of ECM homeostasis.

ECM-related diseases

Chronic disorders characterised by chronic ECM dysregulation and 
include both fibrotic diseases and tissue destruction diseases. 

Disease definitions
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Despite a shared biological mechanism, diseases related to chronic ECM dysregulation are typically studied in 
isolation, likely underestimating their true population burden

No unified estimate to capture the total disease burden

ECM as the common denominator
Extracellular matrix (ECM) remodelling is a shared biological mechanism 

that contributes to diseases across multiple organ systems

Cardiovascular 
diseases

Respiratory 
diseases

Kidney
diseases

Intestinal
diseases

Musculoskeletal 
diseases

Liver
diseases

Neurological
diseases

SHARED MECHANISM, TYPICALLY STUDIED IN ISOLATION
Seperate disease specific research and estimates

TOTAL DISEASE 
BURDEN REMAINS 

UNKNOWN
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Tissue destruction 
disease

Study population and data sources 

202
4

Study design

199
4

5.945.094
Danish residents
alive end of 2024

8.504.378 
unique individuals 

Primary data sources

Cause of Death 
Registry 
All deaths

National Patient 
Registry 

All hospital visits  

UK Biobank validation cohort
2006-2019

Danish National Registries

Prevalence 
analysis

Mortality
analysis

Central Person 
Registry 

All residents

Study 
population

ICD-10 level 2 diagnoses
n = 1701

Disease expert 1
Independent review 

Disease expert 2
Independent review Double blinded disease classification

Predefined definitions of chronic ECM 
remodelling categories; 
Fibrotic disease, Tissue destruction disease, Non ECM 
disease, Unknown

Third-expert adjudication in case 
of disagreement

Fibrotic 
disease

Non ECM 
disease

Unknown

ECM-related diseases

ECM disease classification

ECM disease classification
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331 ECM-related diseases span multiple organ systems

Fibrotic disease 194

Tissue destruction disease 137

Non ECM disease 1341

Unknown 29

Proportion of diseases across disease categories by ICD 10 chapter- ECM diseases comprise fibrotic 
diseases and tissue destruction diseases within one unified group of diseases*.

100%

75%

50%

25%

0%
Fibrotic Tissue 

destruction
ECM

331
ECM-related 

diseases

Main results
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ECM-related diseases affect 38% of the population, with prevalence 
increasing steadily with age

19%
30%

38%
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Age- and sex-specific prevalence of and extracellular matrix (ECM)-
related diseases in 2023, Denmark. 

Total prevalence of extracellular matrix (ECM)-related diseases in 2023, 
Denmark. 

ECM-related diseases 

Main results
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Validated in 
UK Biobank

Mortality percentage for fibrotic, tissue destruction, and extracellular matrix (ECM)-related diseases by cause of death in 
Denmark in 2024. Fibrotic diseases are shown in purple, tissue destruction diseases in blue, and ECM-related diseases in 
green.

Underlying cause of death Contributing cause of death 

Fibrotic Tissue destruction ECM-related
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More than half of all underlying causes of death are ECM-related (57%)

Main results
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Lilly, Roche, Takeda, Lilly, Janssen, Madrigal, Pfizer, Novo, Astra, GSK & BMS
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A Unicorn Biomarker 
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The “Biomarker Valley of Death”
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Biomarker Nomenclature & Dynamics 
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One protein – 1000 possibilities
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Patients, Payers, Diagnostics & Drug Developers 
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NaF and BMD . More fractures
Torcetrapib – 80% higher mortality
Bardoxolone affected GFR but not outcome
Novartis & Lpa last week
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The Liver Regenerates 
ECM alterations during disease progression – and we regenerate 

Excessive
ECM degradation

Excessive 
ECM formation

Release of degradation fragments
into the blood Low release of fragments

Balanced
turnover

Inflammation FibrosisHealthy tissue

Release of formation fragments
into the blood



RegressionStabilityProgression

FIbrolysis
Fibrogenesis
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Fibrosis stage and activity are independent! 

23



Multi-organ fibrosis & the quality of weight loss
– balancing weight and additional benefits just right

1. Sustained over time/durability 
2. Improved QoL
3. Improved mobility 
4. Reduced joint/bone/muscle  pain 
5. Prevention/remission of co morbidities 
6. Minimizes use of other drugs 
7. Kidney, CVD and Liver 

1. Large reduction of fat mass
2. Minimum/positive effect on lean mass
3. Positive effect on insulin sensitivity 
4. Preservation of energy expenditure 
5. Prevention of bone loss 
6. Reset satiety point 
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 CTX-I and N-MID 
reflects bone 
resorption rates and 
formation rates

 Enable assessment of 
osteopenia risk from 
weight loss 
intervention

The quality of the weight loss –
Key organ biomarkers in obesity trials
Monitoring comorbidities and tissue

 CTX-II and C2M indicates 
cartilage breakdown.

 PRO-C2 is reflective of 
cartilage formation

 Supports evaluation of 
OA progression or 
improvement

 PRO-C6 assess 
endotrophin

 PRO-C6 is associated 
with cardiovascular 
risk

 Supports monitoring
of cardiovascular risk
improvement

 PRO-C3 assess pro-
fragment of type III 
collagen

 PRO-C3 is associated 
with risk of liver 
fibrosis

 Supports monitoring
risk of liver 
complications and 
fibrosis
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 PRO-C6 assess 
endotrophin

 PRO-C6 is prognostic 
for kidney outcome

 Supports monitoring
risk of kidney
outcomes

Synovium

 C3M and PRO-C4 is 
associated with synovial 
and systemic 
inflammation

 Supports evaluation of OA 
related inflammation and 
improvement
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Fibrosis is not just fibrosis!- but a commen denominator! 

Karsdal et al. , Hepatology 2020

Basement membrane
formation

Reparative response

Interstitial matrix Dense matrix indicative of 
late stage disease
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Type IV changes location, not amount
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Precision Medicine - ”The Beginning”

The bone biomarker CTX-1 (serum CrossLaps) predicts bone mass change in osteoporosis
patients treated with alendronate after 1 month.
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Ravn et al., Bone, 24, 237-244; 1 999

Biomarker    Clinical outcome 
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VLCD effects on fibrogenesis biomarkers in NAFLD
A high fibrogenesis endotype?

Cohort description and characteristics Impact of a Very Low-Calorie Diet on ECM Biomarkers

Subject 
Characteristics

Baseline
(n=30)

Post-VLCD
(n=27) P-Value

Age (yrs) 56 ± 12

Sex (M/F (n) 18/12

Weight (kg) 119 ± 25 104 ± 21 <0.0001
BMI (kg/m2) 42 ± 8 37 ± 8 <0.0001
Body fat (%) 45 ± 6.9 40 ± 9.1 0.001

PRO-C6 

PRO-C3 PRO-C3 

End of
VLCD 

End of
VLCD 

Study info

Patients: NAFLD patients 
(n=30)
Treatment: Very low calory 
diet (VLCD): 800 kcal/day 
for 8-12 weeks

68% reached weight loss 
target of 10%. 

Mean weight loss 13 kg

PRO-C4 

Karsdal et al , Hep. Com 2023



Mean with SEM

Weight dependent and independent effects

Karsdal et al , Hep. Com 202330
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Weight loss and bone  - a direct linear relationship  



CTX-I in bariatric surgery – Massive increase exceeding the 
normal range (Muschitz et al, JCEM; 2015)

App. 400% increase in CTX-1!

*Reference ranges are platform and assay dependent

Upper normal*

38% of osteoporotic subjects have a fracture
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+850

+10

Peer-reviewed 
publications

Average H-index

15 Yrs

Therapeutic Areas

STATISTICS

+60K Citations

46

Average time at 
Nordic Bioscience

The scientific minds behind Nordic Bioscience
World-class expertise united in one organization
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