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Female, 21 years
Medical history:

- 2012 birth of first child

- 08/2013: abdominal pain → “acute right-sided colitis”

- 2014 birth of second child

- 01/2015: “pyelonephritis” Rx trimethoprim/sulfametoxazole

- 02/2015: abdominal pain → “esophagitis grade A”

2012-2015: 12 admissions in Emergency dept, 3 gastroscopies, two 
colonoscopies, 16 adominal imaging exams (3 CTs), 21 lab workups

→ Referral to liaison psychiatry

Seeks second opinion in university hospital



Admission Leuven

Abdominal pain for 1 week, nausea and vomiting

No inflammation, no peritonitis on physical exam, normal lactate

Repetitive imaging negative but distended colon with constipation 

Hyponatremia 123 mmol/L (135-145)

pOsm 256 (low)

UNa 98 (too high)

UOsm 513 (too high)



Lead, C1 esterase and porphyrins were checked

Spot urine

PBG *        38.4 mg/L 0.0 - 2.0​

Blood

PBG-deaminase * 5.7 nmol/L RBC.s 6.8 - 14.3



D.M. Bissell et al. NEJM 2017.

Acute 
(hepatic) 
porphyrias



D.M. Bissell et al. NEJM 2017.

Blistering 
porphyrias



D.M. Bissell et al. NEJM 2017.

Burning 
porphyria



Evolution next 3 years
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3 years between diagnosis and LTx

• Crescendo attacks, finally /2wk

• > 80 Hemin vials IV

• Addictive behavior (pethidine)

• Loss of employment and financial problems

• Marital problems, care for children delegated



Explant liver

Perl’s (iron stain):

Hepatocytes stain diffusely
Some Kuppfer cells stain

= iron accumulation
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Porphyria patients Leuven

AIP VP EPP PCT HCP ?



Haem Biochemistry

Synthetized in all tissues

- 80% for hemoglobin (bone marrow)

- 20% for enzymes

- Mainly hepatic (CYP450, catalase, 

peroxidase,…)

8 enzymes in synthesis pathway



Biosynthesis of heme





From Moore et al: Disorders of porphyrin metabolism. Plenum Medical Book Company, New York and London 1987, p 75



Clinical presentation acute porphyria

▪ Females > males (5:1)

▪ Rarely before puberty or after menopause

▪ Can be life-threatening when missed

Symptoms/signs

▪ Abdominal pain (98%), vomiting, constipation 

▪ Hypertension, tachycardia

▪ Psychiatric symptoms (anxiety, confusion, hallucinations)

▪ Epilepsy     

▪ Motoric neuropathy: mild → severe (paralysis)

▪ Hyponatremia (<135) 40% 



Treatment AIP

• Supportive (glucose 3L 10%, opiates, anti-emetics)

• ONLY SAFE MEDS

•  ? Removal/avoidance of precipitating factor

• IV hemin: Normosang1 flask/d, 4 days (cave thrombosis ➔ DVC!)

• Start treatment early (<24 uur)

• Givosiran RNAi 1/month for recurrent attacks

 Prognosis is excellent if diagnosed early

www.porphyria-europe.com





Therapeutic Hypothesis

• Reduction of Liver ALAS1 Protein to Lower ALA and PBG

AHP, Acute Hepatic Porphyria; ALA, Aminolevulinic acid; ALAS1, ALA synthase 1; PBG, Porphobilinogen.

Givosiran: Investigational RNAi Therapeutic for AHP

ALAS1

protein

Givosiran

Givosiran results in reduction of 

ALAS1 and lowers ALA/PBG 

production to prevent attacks 

and disease symptoms

ALA induces porphyria 

symptoms

ALAS1

protein





• The estimate at Month 0 represents the period between randomization and 6 months previous. One month = 28 days
Balwani and Sardh et al. N Engl J Med 2020;382:2289–301

Mean Number of Attacks per Month in Patients with AIP

The decrease in AAR was evident within the first month and was sustained throughout the intervention 

period 



• Balwani and Sardh et al. N Engl J Med 2020;382:2289–301

Urinary ALA and PBG Levels in Patients with AIP

Reductions in levels of urinary ALA and PBG were sustained throughout the intervention period; 

in the givosiran group, the median percent reduction from baseline at 6 months 

was 86% for urinary ALA levels and 91% for PBG levels

Median (IQR) Urinary ALA Levels 

in Patients with AIP

Median (IQR) Urinary PBG Levels 

in Patients with AIP
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Iron accumulation





http://www.chm.bris.ac.uk/motm/hemoglobin/heme.wrl


Andrews NC. NEJM 1999 

Body Iron Distribution and Storage

Dietary iron

Utilization Utilization

Duodenum

(average, 1 - 2 mg

per day)

Muscle

(myoglobin)

(300 mg)

Liver

(1,000 mg)

Bone 

marrow

(300 mg)Circulating

erythrocytes

(hemoglobin)

(1,800 mg)

Reticuloendothelial

macrophages

(600 mg)

Sloughed mucosal cells

Desquamation/Menstruation

Other blood loss
(average, 1 - 2 mg per day) 

Storage

iron

Plasma

transferrin

(3 mg)

Iron loss



Too much iron is bad for you



Too much iron is bad for you

When Tf sat > 75% = ‘free plasma iron’ 

Intracellular iron overload is deleterious (ROS)

Epidemiological association between iron levels and 
malignancy



Iron parameters: interpretation

1. IRON      Fasting vs. non-fasting

2. TRANSFERRIN = neg. acute phase protein (TF↓ = TFsat↑)

3. FERRITIN = pos. acute phase protein 

   inflammation = ferritin high

   neoplastic disease = ferritin high 

DD/ Hepatitis! Alcohol! Metabolic syndrome! (ferritin 500-1200 ng/ml) 

ferritin↑↑↑ :  Hyperferritinemia-cataract syndrome (L-ferritin)

   Macrophage-activation syndrome, HLH

   Gaucher and other MΘ storage diseases

   Adult Still’s disease



TIBC

Fe



• Chronic hemolysis +/- transfusions

• Dyserythropoiesis (thalassemia) +/- transfusions

• Iatrogenic (IM/IV Fe, transfusions) 

• Dietary (rare – Bantu siderosis) + AD gene?

Iron accumulation: 1. Acquired



Type I: HFE (C282Y, H63D, S65C)

• Type II: juvenile (<30yrs; heart/endocrine)

• IIa: hemojuvelin (HJV)

• IIb: hepcidin (HAMP)

• Type III: transferrin 2 receptor

• Type IV: ferroportin (AD)

• IVa: RE cells

• IVb: hepatocytes (gain-of-function)

• Aceruloplasminemia

Iron accumulation: 2. Genetic
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I: HFE     95%

• IIa: HJV     70pts

• IIb: HAMP     10pts

• III: TfR2     32pts

• IV: ferroportin
    IVa     112pts

• IVb     20pts

• Aceruloplasminemia   45pts

Iron accumulation: 2. Genetic

Pietrangelo A. Hepatology 2007



HFE-related haemochromatosis



HFE (type I) haemochromatosis 

• Most common genetic disease in Caucasians

• Autosomal recessive

• Homozygosity C282Y/C282Y

 Compound heterozygosity:  C282Y/H63D... 

Clinical relevance?

• Incidence in Europe: 1 in 200

• Carrier frequency 10%
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1/400 C282Y homozygous, almost 2% C282Y/H63D compound het



Absorption 2-4mg/d (nl: 1-2mg/d)

Accumulation 1g/yr

Symptomatic from >20g (~ 40-50y)

Later in women

Clinical presentation of hemochromatosis







Penetrance is LOW (1 to 30%?)

↓↓ Growth, menstrual losses, pregnancy, diet, blood loss, PPI

↑↑ Alcohol, viral hepatitis, fatty livers

Genetic modifyers (e.g. transferrin variant, BMP2)
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Deugnier Y et al. J Hep 2008



Diagnosis

1. High serum iron (low sens/spec)

2. Transferrin saturation > 45 % 

3. High ferritin

Exclude ‘false positive’ increased ferritin

Exclude acquired forms of iron accumulation (anemia!)

Mutation-analysis HFE gene (4-6 wks)

Liver biopsy? MRI with density measurement liver/spleen?



Role of abdominal MRI

T2 (water=white): more black than paravertebral 
muscle = iron accumulation

• Only liver is more black
 ➔ Hepatocytic iron accumulation (1, 2, 3, 4b)

 

• Liver AND spleen are more black
 ➔ Iron accumulation in RE cells (4a, secondary)

 





50-75 Hz : 3.2 mg Fe/gram liver = mild iron 

accumulation. 

76-125 Hz : 7 mg Fe/gram liver = moderate

> 125 Hz : more than 15 mg Fe/gram liver 

= severe

St Pierre et al. Blood 2005; 105:855-861

Relaxometry: R2 effect



Biopsy?

< 40yr

Ferritin < 1000     NO biopsy

Normal AST/ALT

> 40yr

Ferritin > 1000     biopsy

Abnormal AST/ALT

AASLD Guidelines 2011



Relevance of biopsy?

1. Confirm iron accumulation (Perls’ stain)

2. Pattern iron accumulation: 

  Hepatocytes: HFE, HJV, HAMP, Tf2, ferroportin B

Kupffer cells: secondary, ferroportin A

3. Staging fibrosis/cirrhosis



HFE: hepatocytic iron, gradient periportally → pericentrally



Ferroportin: accumulation in Kupffer cells



Relevance of biopsy?

1. Confirm iron accumulation

2. Pattern iron accumulation: 

  Hepatocytes

Kupffer cells

3. Staging fibrosis/cirrhosis →   Fibroscan

MRI (R2)



Therapy
• Phlebotomies: start at 500 ml weekly

• Regeneration of RBC in marrow

= Iron usage/depletion from stores

• Till reduction of ferritin < 100 ng/ml (and transferrin sat.↓) 

• Chronic phase: 1-10 phlebotomies yearly

Reversible: AST/ALT, pigmentation, diabetes

Irreversible?: cirrhosis, impotence, arthritis



Niederau C. et al. Gastroenterology 1996



Niederau C. et al. Gastroenterology 1996



Examinations:
• Liver ultrasound, in case of cirrhosis every 6mo (HCC!)

• Fasting glucose, HbA1c, OGTT

• Fibroscans

• BMC

Other:
  FAMILY SCREENING! (+18)

  Liver disease = vaccinate for HAV, HBV

  Cirrhosis = flu vaccine yearly, pneumococci

Follow-up





Algorithm: Increased ferritin
History and physical examination:

 1. arguments for inflammation? malignancy?

 2. BMI? Metabolic syndrome?

 3. Iron substitution IM/IV?

 4. Family history!

 5. Gender

 6. Alcohol intake

Lab:

 Other iron parameters and evolution

 Liver tests

 Anemia? MCV? Reticulocytosis? Hemolysis?

Radiology:

 Abdominal US

 MRI R2 relaxometry

Fibroscan, HbA1c

(Biopsy)

(Mutation analysis)



Young lady, 23y

Alk Phos   215 U/L  <= 240 

AST    59 U/L  <= 32 

ALT    77 U/L  <= 31 

Gamma GT   56 U/L  <= 35 

Iron    356 µg/dL  50 – 170

Transferrin   2 .82 g/L  2.00 - 3.60

Transferrin sat  90 %   16 - 45 

Ferritin   5465 µg/L  13 - 150 



Liver biopsy:

 Very pronounced accumulation of iron pigment in 
hepatocytes, with redistribution to macrophages. 

Iron in liver biopsy: 

 58 mg/g dry weight (<2mg/g)

 Hepatic iron index 46.5 <= 1.0 

No endocrine abnormalities, normal heart US



Genetics: 

HFE neg



Genetics: 

HFE neg

Ferroportin neg



Genetics: 

HFE neg

Ferroportin neg

Hepcidin (HAMP) neg



Genetics: 

HFE neg

Ferroportin neg

Hepcidin (HAMP) neg

Hemojuvelin positive



Wilson disease



DISEASES AFFECTING LIVER AND BRAIN

•  Wilson

•  Mitochondrial diseases (mtDNA depletion)

•  Urea cycle defects (hyperammonemia)

•  Hypermanganesemia with dystonia, polycythemia (Mn transporter)

•  Glycogen branching enzyme (GSD IV)

•  LSDs: Gaucher type II and III, NPC, …

•  Ciliopathy syndromes

•  CDG

•  Peroxisomal

•  Other 



WILSON DISEASE

• Autosomal-recessive intracellular copper accumulation in liver, brain, 

bone, kidney and cornea

• Incidence: 1/30.000 to 1/100.000

• ATP7b gene, a copper-transporting ATPase

• >250 mutations known (in 1% no mutations found)



WILSON DISEASE

Physician's Guide to the Diagnosis, Treatment, and Follow-Up of Inherited Metabolic Diseases. Blau, 
N., Duran, M., Gibson, K.M., Dionisi-Vici, C. (Eds.) second edition 2012



I	I 
I	II 

I	III 
IIV 

I	V 

ATP 

ADP 

Cu+/2+ 

ROS 

Cu+/2+ 

ROS 

Cu+/2+ 

2 
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5 

1 

1. Cu accumulation in mitochondria
2. Crosslinking membrane proteins
3. Membrane rupture
4. ROS production – oxidative stress
5. Complex IV deficiency

Cu+/2+

Mitochondrial dysfunction

Apoptosis

Membrane fluidity and lipid raft changes

Sphingomyelin in 
biological 

membranes

Ceramide

PATHOPHYSIOLOGY OF COPPER TOXICITY



WHEN TO THINK OF WILSON?

• All chronic liver disease patients negative for HBV, HCV, alcohol, HH, auto-immune 

hepatitis 

• Especially with Parkinson-like movement disorder (tremor, dysarthria, dysphagia, 

incoordination, dystonia)

• Or with psychiatric complaints: depression, personality change, dementia

• Acute liver failure

• Coombs-negative hemolysis

• Kidney: tubulopathy (glucosuria, amino-aciduria, phosphaturia)



HOW TO DIAGNOSE WILSON? 

• Decreased ceruloplasmin and/or copper in blood

• Increased urinary copper (D-penicillamine challenge = for kids)

• Kayser-Fleischer ring 

• Increased liver copper (>250 mg/g)

• Watch out: hepatitis, ALF, cholestasis 

→ FALSE negative/positive

• ATP7b genetics: 2 mutations in trans



Other study with N=130 in The Netherlands
“No increased risk of HCC in cirrhosis due to Wilson disease”
van Meer S et al. JGH 2015;30:535-9

COMPLICATIONS: MALIGNANCIES



N=148

COMPLICATIONS: OSTEOPENIA AND OSTEOPOROSIS



Female Wilson patient, born 1977

• 1996 (19 years old): presents with subacute liver failure, diagnosed 
with Wilson disease. Rx D-penicillamine 2x500mg/d

• 1997: “intolerance” to D-Pen, switch to zinc sulphate 3x150mg

• 2000: gastric ulcer bleeding – presence of esophageal varices

• 2000 – 2007: normal transaminases, despite taking only 2/3 of Zn 
dose

• 2008: liver biopsy (< raised transaminases): F0-F1 fibrosis, 40% 
macrovesicular steatosis

• 2010: Fibroscan 14.1 kPa (cirrhosis)

• 2010-2015: Lost to follow-up

• 2015: encephalopathy, jaundice, INR increasing: urgent liver Tx



Treatment of Wilson 
Disease



TREATMENT

No trials to prove superiority or inferiority, until recently

Chelation:
1. Penicillamine 
2. Trientine 
3. TMB: tetrathiomolybdate

Cu uptake inhibition: Zinc

ALF/end-stage liver disease/HCC ➔ liver transplantation



TREATMENT WITH D-PENICILLAMINE/ CHELATION



OUTCOME

11
complicated cirrhosis

1
lost to FU

6 recovered 3 transplanted 1
died

Reversal of cirrhosis! 2 HCC, 1 SALF



n = 288

Heidelberg and Vienna

TREATMENT WITH ZINC MONOTHERAPY



OUTCOME



N=19

LIVER TRANSPLANTATION



• ±20% serious adverse effects  (proteinuria, skin rash, hematotoxicity) 

• Discontinuation due to adverse effects in 29% for D- penicillamine and 7% for 
Trientine

• Neurological worsening in 5-20% of patients

N = 405

CHELATION THERAPY SIDE EFFECTS



 omg!
25-30% of WD patients are non-compliant 

Low adherence leads to progressive worsening of the clinical 
condition, and interruption of treatment can lead to a fulminant 
worsening of the disease and even death

Poujois A et al. Clin Res Hepatol Gastroenterol. 2018; Maselbas W et al. BMC Neurol. 2019; Jacquelet E et al. Rev Med Interne. 2018; Maselbas W et al. Orphanet J Rare Dis. 2019. 



CHELATE
First randomised prospective trial evaluating any trientine vs. DPA

Aim

• To evaluate the efficacy and safety of 4-HCl-Trientine to treat clinically 

stable adult Wilson Disease patients

Hypothesis

• Compared with continuation of DPA, treatment with 4-HCl-Trientine will 

be well tolerated and non inferior to DPA at 24-weeks post 

randomisation in terms of efficacy, as measured by serum NCC

For informational purposes only. Trientine tetrahydrochloride is approved in Europe 
(Cuprior ) for the treatment of WD patients intolerant to D-penicillamine. It is not approved 

for use in any indication in the United States or Brazil.
Orphalan Proprietary Information. 



Primary Efficacy Measure:

Serum NCC

. 

Randomisation

Screening 

Period 

All on DPA Post Randomisation Extension Phase

4-HCl-Trientine is non-inferior to DPA 
at 24 and 48 wks

Orphalan Proprietary Information © 



Secondary Efficacy Measure:
24 hr Urinary Copper Excretion (UCE)

Screening 

Period 

All on DPA Post Randomisation Extension Phase

Recommended UCE Target 

Range 200-500 mcg/24 hr 

* ** # ##

P- values

*  0.015

**  0.008

#  0.0005

##  0.047

Orphalan Proprietary Information © 
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