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Porfirine e Porfiria

- Porfirine: “pigmenti della vita, che rendono
il prato verde il sangue rosso” 

- Porfirie: “malattie di difficile definizione, con nomi spesso
confondenti, considerate solitamente quando la
necessità di una diagnosi è disperata” 

Hans Fischer 1930

«

«



Badminton MN, Liver International, 2024

Cenni storici



Accadde qualcosa, qualcosa che si sarebbe potuto evitare, e Paula subì un grave 
danno cerebrale. Non servirebbe a nulla adesso andare a verificare come successe o 
attribuire colpe, è sufficiente dire che, con un po’ di fortuna, oggi mia figlia sarebbe 
viva……

da: Per Paula lettere dal mondo. Isabelle Allende

Loftus LS, Arnold WN. Dec 21, 1991; 303(6817): 1589–1591
Vincent van Gogh's illness: acute intermittent porphyria? BMJ

Le Porfirie



Storia di Maria

Maria, 26 anni

- Storia di dolori addominali recidivanti con accessi ripetuti in PS, trattata con antispastici ed antidolorifici

- Ricovero per ipertensione arteriosa, tachicardia, nausea e vomito incoercibili con addominoalgia ed impossibilità ad alimentarsi
- Esami di laboratorio negativi, eccetto urine ipercromiche; ecografia e TAC dell’addome, EGDS, colonscopia: negativi
- Contestuale inizio di dieta ipocalorica con calo ponderale
- In acuto: paziente molto agitata, sofferente; esame obiettivo negativo
- In cronico: paziente asintomatica; benessere

- Conclusione: disturbo comportamentale e stato ansioso-depressivo / anoressia; assenza di patologia organica
- Consigliata visita psichiatrica

- Dopo tre anni, al risveglio, dolore addominale e stato confusionale
- Insufficienza respiratoria e coma



Storia di Elisa

Elisa, 36 anni

- Storia di dolori addominali recidivanti con accessi ripetuti in PS, trattata con antispastici ed antidolorifici

- Ricovero per agitazione, nausea, vomito, dolore in ipocondrio destro ed impossibilità ad alimentarsi
- Esami di laboratorio negativi, eccetto urine ipercromiche durate la crisi; ecografia e TAC dell’addome; colelitiasi
- In acuto: paziente molto agitata, sofferente; esame obiettivo negativo
- In cronico: paziente asintomatica; benessere

- Conclusione: colica biliare in colelitiasi
- Consigliata visita chirurgica

- Posta indicazione a colecistectomia
- Colecistectomia: nell’immediato post-intentervento, insufficienza respiratoria e coma



Cosa fare?

- Rivedere l’anamnesi
- Rivalutare le urine

Possibile attacco acuto di Porfiria?

- Conoscere la patologia
- Pensare alla patologia



- Gruppo eterogeneo di alterazioni metaboliche dovute al difetto
ereditario o acquisito di uno degli otto enzimi coinvolti nella via
biosintetica dell’emeà parziale deficit dell’attività enzimatica
(in un caso iperattività enzimatica)

- La maggior parte delle mutazioni causa “loss of function” proteica, ma
l’attività enzimatica dell’allele normale è di solito sufficiente in cronico
per mantenere adeguata richiesta di eme

- La Protoporfiria Eritropoietica X-linked è dovuta a “gain of function” dell’ALAS-2

- Patologie rare ereditarie a trasmissione variabile, secondo modalitàmendeliana
autosomica dominante, recessiva a penetranza incompleta ed X-linked

- Sindromi da “over-production”, dovute all’accumulo di precursori
tossici dell’eme in sangue, urine, feci ed organi, responsabili delle
manifestazioni cliniche, neuro-viscerali e/o cutanei

Le Porfirie



Dickey AK, Annu Rev Med 2024

La via biosintetica dell’eme

ALA-S



Epidemiologia
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ACUTE HEPATIC PORPHYRIA
The AHPs include AIP, VP, HCP, and ADP (7). The !rst three are inherited in an autoso-
mal dominant fashion with low penetrance, while ADP is an ultrarare recessive disorder. These
disorders result from pathogenic genetic variants in hydroxymethylbilane synthase (HMBS), pro-
toporphyrinogen oxidase (PPOX), coproporphyrinogen oxidase (CPOX), and ALAD, respectively.
Patients with AHP can develop acute neurovisceral attacks often characterized by abdominal
pain, nausea, vomiting, and other neurologic and psychiatric symptoms such as weakness, numb-
ness, paresthesias, seizures, anxiety, depression, or psychosis (7). In VP and HCP, patients may
have acute neurovisceral attacks, blistering cutaneous photosensitivity, or both, with cutaneous
symptoms occurring more frequently in VP than in HCP (8).

In addition to acute attacks, AHP patients, particularly those with recurrent attacks, can have
chronic symptoms and long-term complications such as chronic pain, neuropathy, liver disease,
and kidney disease (7).

Epidemiology and Genetics
Studies suggest that the prevalence of AIP is ∼0.5–2:100,000; however, analysis of genetic data
sets shows that the prevalence of pathogenic variants in HMBS is ∼1:1700, suggesting lower pen-
etrance than previously thought (9, 10) (Table 1). These data suggest that the penetrance may be
<1% depending on the degree of underdiagnosis (9). However, the penetrance is 10–20% among
family members of symptomatic AIP patients (10–12). VP and HCP are less common, with the
prevalence of diagnosed VP being ∼0.3:100,000 and the prevalence of diagnosed HCP being
∼0.1:100,000 (10) (Table 1). Founder variants exist in Scandinavia for AIP and in South Africa
for VP, leading to a higher prevalence of these diseases in those regions (13, 14). ADP is ultrarare,
with less than 10 cases reported, all in males (15). Except for ADP, most symptomatic AHP pa-
tients are females, as hormones, particularly progesterone, contribute to the onset of attacks and
disease activity (10, 16). However, other reasons for differences in disease presentation in individ-
uals with pathogenic variants are poorly understood (9). Misdiagnosis is common, with patients
in the United States experiencing an average of 15 years of diagnostic delay (7).

Pathophysiology
Delta-aminolevulinate synthase 1 (ALAS1) is the !rst and rate-limiting step in heme biosynthe-
sis and is highly inducible. Factors that directly increase ALAS1 transcription or increase heme

Table 1 Prevalence of the porphyrias

Type of porphyria Prevalence
Acute intermittent porphyria ∼0.5–2:100,000 (9, 10)
Variegate porphyria ∼0.3:100,000 (10)
Hereditary coproporphyria ∼0.1:100,000 (10)
ALAD de!ciency porphyria <10 cases reported, all in males (15)
Erythropoietic protoporphyria 1:100,000 diagnosed, true prevalence as high as 1:17,000 (10, 42)
X-linked protoporphyria Up to 10% of protoporphyria (40)
Porphyria cutanea tarda 1:25,000 in the United States (80, 81)
Congenital erythropoietic

porphryia
∼1:1,000,000, around 200 cases reported worldwide (88)

Abbreviation: ALAD, δ-aminolevulinic acid dehydratase.

www.annualreviews.org • Update on the Porphyrias 323Dickey AK, Annu Rev Med 2024; Ventura P & GrIP, Eur J Intern 2014; Chen B, Hum
Mutat 2016; Elder G, 2013 J Inherit Metab Dis 2013; Fraunberg M, Medicine 2005

La prevalenza delle varianti patogenetiche del gene HMBS è ∼1:1700, suggerendo una minore penetranza rispetto al 
previsto. Questi dati indicano che la penetranza può essere <1% a causa del grado di mancate diagnosi. Tra i familiari 
dei pazienti sintomatici affetti da AIP la penetranza è 10–20% (10–12)



9 casi EEP X-Linked

PCT sporadica e familiare

Gruppo Italiano Porfirie (GrIP)
ALAD      2



Porfiria Precursore Enzima

ALAS

ALAD
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Kauppinen R, Lancet 2005
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Porfiria Precursore Enzima

ALAD
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Le Porfirie AcuteLe Porfirie acute
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AIP

HCP

PV

Kauppinen R, Lancet 2005



Porfiria Precursore Enzima

UROS

UROD

FECH

Le Porfirie CronicheLe Porfirie croniche

CEP

PCT

EEP

Kauppinen R, Lancet 2005



Porfirie epatiche
(adulti)

Porfirie eritropoietiche
(bambini)

Protoporfiria Eritropoietica

Porfiria Eritropoietica Congenita

Porfiria Cutanea Tarda

Porfiria Variegata

Coproporfiria Ereditaria

Porfiria Acuta Intermittente

Porfiria da deficit di ALAD

Attacchi acuti: sintomi gastro-
enterici, neuro-psichiatrici e 

disautonomici

Lesioni cutanee bollose

Fotosensibilità acuta

Sintomi e SegniSintomi e segni



ALAS

ALA

Due isoforme di ALAS

ALAS-1
-espressione ubiquitaria, 
prevalentemente epatica
- gene ALA-S1 sul cromosoma 3
- omeostasi dell’eme nei tessuti 
non-eritroidi
- feedback negativo da parte 
dell’eme intracellulare

ALAS-2
-espressione eritroide, GATA1 ed 
EPO-dipendente
- gene ALA-S2 sul cromosoma X
- sintetizzata solo durante la 
biosintesi dell’eme
- sintesi controllata da parte del 
ferro intracellulare: Fe++ sequestra 
IRPs che non potendo legarsi al 
5’IRE dell’ALAS-2 mRNA, ne 
permette la traduzione 

Regolazione della biosintesi dell’eme



HO = Haem 
oxygenase

Nell'eritrocita l'attività
della FECH è molto
ridotta; step limitanteEpo

Puy H, Lancet 2010

ALA-sintasi

PGc1-α = peroxisome
proliferator-activated
receptor-γ coactivator
1α



PGc1-α = peroxisome
proliferator-activated
receptor-γ coactivator
1α

HO = Haem 
oxygenase

Nell'eritrocita l'attività
della FECH è molto
ridotta; step limitanteEpo

Induttori della sintesi di ALA-sintasi

Puy H, Lancet 2010; Handschin C, Cell 2005; Fraser DJ, J Biol Chem 2002; 
Podvinec M, Proc Natl Acad Sci USA 2004; Jung D, Liver Int 2007

- PGC1-α: cofattore coinvolto nella gluconeogenesi: mediatore della risposta di ALAS-1 allo 
stimolo del digiuno

- Infiammazione ed infezione à HO, eme ossigenasi 1, proteina di fase acuta, che catabolizza 
eme à ALAS-1

- Xenosensori (DRE, Drug Response Elements – PXR, CAR e CXR) rispondono allo stimolo 
farmacologico ed inducono la sintesi di ALAS-1

- Gli acidi biliari, inducono la sintesi di ALAS-1 via FXR



European Network of Center of Expertise for Porphyria”
Scopo: migliorare le conoscenze circa la cura dei pazienti affetti da Porfiria e promuovere la ricerca

European Porphyria Network - EPNET

www.drugs-porphyria.orgwww.porphyria-europe.com



Clinica e Diagnosi di I e II livello: biochimica ed enzimi
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demand can upregulate ALAS1. With the increase in ALAS1 activity, the enzymatic de!ciencies
cannot keep up with this increased demand for heme, creating a block in the pathway and leading
to the accumulation of porphyrins and porphyrin precursors. The pathogenesis of AHP symp-
toms is attributed to the accumulation of the toxic metabolites δ-aminolevulinic acid (ALA) and
porphobilinogen (PBG), particularly ALA (17). Factors that in"uence the activity of ALAS1 and
induce AHP attacks include stress, alcohol, smoking, medications, caloric restriction, acute ill-
nesses, and the luteal phase of the menstrual cycle (17–20). These affect ALAS1 activity either by
directly increasing transcription (e.g., dieting or fasting) or increasing hepatic heme demand or
consumption (e.g., drugs, illness) (17, 19). Therefore, fasting and heme de!ciency can precipitate
attacks (17, 19, 21).

Diagnosis
Clinicians should have a low threshold to screen for AHP, especially in women in the reproductive
age group with unexplained, recurrent abdominal pain without a clear etiology or nonspeci!c
neurologic symptoms, including neuropathy and weakness (3, 22). The diagnostic test for AHP
includes assessing PBG and ALA in a spot urine sample (22) (Table 2). Urine porphyrin levels
should not be used in isolation for screening or diagnosis. Signi!cant elevation in urine PBG is
highly speci!c for AHP, but elevations in urine porphyrins are neither speci!c nor diagnostic (23).
Urine porphyrins can be elevated in liver disease, in heavy metal poisoning, and in the setting of
the use of a variety of medications (23). Spot testing with normalization to urine creatinine is
recommended, and 24-h testing is unnecessary, with the potential to cause delays in diagnosis (22,
24). Although urine PBG and ALA are elevated in attacks of AIP, VP, and HCP, in ADP only urine
ALA and porphyrins are elevated due to the underlying enzymatic defect (15).

Testing during acute symptoms is important because the urine PBG may be normal between
attacks, leading to the potential for a missed diagnosis (22, 23).Compared with AIP, the urine PBG
may be more transiently elevated in VP andHCP. Second-line testing should be pursued if testing
for AHP is positive or inconclusive (23). This includes testing urine, fecal, and plasma porphyrins.
Stool porphyrins are often elevated in VP and HCP, with stool coproporphyrin being particularly
elevated in HCP and stool protoporphyrin and coproporphyrin being particularly elevated in VP
(23). Plasma porphyrins may be elevated in AHP, especially in the setting of cutaneous symptoms
in VP and HCP.While urine ALA is elevated in acute attacks of porphyria, this is less speci!c for

Table 2 Symptoms and key diagnostic testing for the porphyrias

Type of porphyria Symptoms Key diagnostic test
Acute hepatic
AIP, VP, HCP, ADP Acute pain attacks and/or other neurovisceral

symptoms, blistering lesions on sun-exposed skin
(VP, HCP)

Urine PBGa and ALAb

Cutaneous
Blistering (PCT, CEP, VP, HCP) Blistering lesions on sun-exposed skin Plasma and urine porphyrinsa

Nonblistering (EPP, XLP) Painful light sensitivity that is typically nonblistering Erythrocyte protoporphyrinc

Abbreviations: ADP, δ-aminolevulinic acid dehydratase de!ciency porphyria; AIP, acute intermittent porphyria; ALA, aminolevulinic acid; CEP, congenital
erythropoietic porphyria; EPP, erythropoietic protoporphyria; HCP, hereditary coproporphyria; PBG, porphobilinogen; PCT, porphyria cutanea tarda;
VP, variegate porphyria; XLP, X-linked protoporphyria.
aRandom spot urine samples are recommended over 24-h values; however, concurrent urine creatinine must also be collected.
bUrine PBG may not be elevated in ADP, though ALA will be markedly elevated.
cIncluding total protoporphyrin and quanti!cation of metal-free and zinc fractions.

324 Dickey • Leaf • Balwani

Dickey AK, Annu Rev Med 2024

PBGD and UROD

Puy H, Lancet 2010

Nessuna relazione genotipo - fenotipo

Nonostante la definizione, molti pazienti affetti da Porfiria 
Acuta mostrano complicanze croniche, quali incrementato 
rischio di ipertensione arteriosa, nefropatia ed epatopatia, fino 
all’epatocarcinoma



Penetranza incompleta
(mutazione + polimorfismo)

Erythropoietic protoporphyria ALAS-2 X-linked Erythroid cells Photosensitivity and liver
damage

Puy H, Lancet 2010; Brancaleoni V, Clin Genet. 2015 

Diagnosi di III livello: analisi genetica



Diagnosi

Laboratorio

- Picco di fluorescenza plasmatico: 618 nm positivo
- ALA: 44 mcmol/mmol creatinina (<5)
- PBG: 138 mcmol/mmol creatinina (<1.5)
- Porfirine urinarie totali: 2864 mcg/L (<150) (uro 56%; copro 27%)
- PBG Deaminasi: 54.80 pmol/h/gHb (72.8-179.6)
- Gene HMBS: c.[913-1 G>C];[=]

- Picco di fluorescenza plasmatico: 620 nm positivo
- ALA: 23.1 mcmol/mmol creatinina (<5)
- PBG: 44.4 mcmol/mmol creatinina (<1.5)
- Porfirine urinarie totali: 488 mcg/L (v.n. <150) (uro 49%; copro 47%)
- PBG Deaminasi: 57.3 pmol/h/gHb (72.8-179.6)
- Gene HMBS: c.[499_1086 del];[=]

Porfiria Acuta Intermittente



Fisiopatologia dell’attacco acuto: terapie

ALAS1: primo enzima epatico regolatore e limitante la 
sintesi dell’eme
L’induzione dell’attività o la de-inibizione di ALAS1 sono 
responsabili dell’accumulo di intermedi neurotossici ALA e 
PBG e degli attacchi acuti neuroviscerali

Emina: la somministrazione endovenosa di eme esercita 
un’azione di feedback negativo su ALAS1

Glucosio: incrementando i livelli di insulina che ha un effetto 
inibitorio su ALAS1 attraverso la riduzione della trascrizione 
e l’inibizione dell’attività di PGC1α, coattivatore che induce 
la trascrizione di ALAS1

Givosiran: RNA interference (RNAi) a doppio filamento che 
agisce selettivamente sull’RNA messaggero (mRNA) 
dell’ALAS1 epatica; inibisce la sintesi e riduce i livelli 
dell’enzima ALAS1

Givosiran for acute hepatic por phyria | 427

from path o genic var i ants in HMBS, protoporphyrinogen oxi dase, 
coproporphyrinogen oxi dase, and ALA dehydratase (ALAD), 
respec tively (Figure 1).1

Givosiran is a novel ther a peu tic agent approved by the US 
Food and Drug Administration (FDA) in 2019 for the treat ment of 
AHP based on the pos i tive results of a phase 3 clin i cal trial dem-
on strat ing a decrease in the acute attack rate and a reduc tion 
in uri nary PBG and ALA.2 It is a sub cu ta ne ously admin is tered 
RNA inter fer ence (RNAi) ther apy that tar gets and degrades 
the mes sen ger RNA (mRNA) of hepatic ALAS1.2 The tri va lent 
N-acetylgalactosamine ligands of givosiran bind the asialogly-
coprotein (ASGPR) recep tors of hepa to cytes, account ing for its 
liver spec i fic ity (Figure 2).2

Pathophysiology and Natural History of AHP
Approximately 80% of heme is pro duced in the bone mar row by 
devel op ing ery throid cells, and 20% is pro duced in the liver for 
use in hemo pro teins such as cyto chrome P450 (CYP) enzymes.3 
Enzymatic deficiencies in the hepatic com part ment are respon-
si ble for the path o gen e sis of AHP, as dem on strated by the fact 
that liver trans plan ta tion is cura tive.4 ADP, for which it is unclear 
to what extent hepatic vs ery throid heme pro duc tion is respon-
si ble for symp toms, is the excep tion. In AHP, heme pro duc tion in 
the liver may vary sub stan tially due to the induc ibil ity of ALAS1, 
and fac tors asso ci ated with AHP attacks either directly or indi-
rectly increase ALAS1 tran scrip tion by increas ing the demand 
for heme or CYP pro duc tion. Such fac tors include calo ric res-
tric tion, alco hol use, smok ing, stress, cer tain med i ca tions, acute 

illnesses, and pro ges ter one related to the luteal phase of the 
men strual cycle.1,3,5

Although the name “acute hepatic por phyria” sug gests a dis-
ease of acute attacks, many patients also have chronic symp-
toms that con trib ute to the bur den of dis ease and impair qual ity 
of life.6 Patients with AHP are also at increased risk of chronic 
kid ney dis ease, hyper ten sion, and hepa to cel lu lar car ci noma.7,8

AHP man age ment
Management options for AHP include flu ids, elec tro lyte reple-
tion, glu cose, pain con trol, hemin, gonad o tro pin-releas ing hor-
mone (GnRH) ana logs, givosiran, and avoid ance of trig gers such 
as harm ful drugs (Table 1).5

Glucose exerts its effect by indi rectly inhibiting PGC1α, a 
tran scrip tional coactivator that increases ALAS1 tran scrip tion.5 
Because of this effect, glu cose can be used as an ini tial ther apy 
for AHP attacks if hemin is not imme di ately avail  able.5

Hemin is a human blood deriv a tive that represses the syn-
the sis of hepatic ALAS1 by neg a tive feed back and remains the 
stan dard of care for the man age ment of AHP attacks.9-16 Typi-
cally, acute attacks are treated with hemin at 3 to 4  mg/kg/d 
for at least 4 days. Panhematin, the for mu la tion of hemin avail -
able in the United States and many other countries, should be 
dissolved in albu min to decrease the risk of phle bi tis, and if pre-
pared in this way, Panhematin can be admin is tered through a 
periph eral vein. Treatment with hemin may also be com pli cated 
by tran sient coagulopathy and iron over load, espe cially if given 
repeat edly.3,15 During acute attacks, patients may require opi ate 

Figure 1. The AHPs and hepatic heme regulation. The 4 AHPs are AIP, VP, HCP, and ADP, which result from pathogenic variants in 
HMBS, PPOX, CPOX, and ALAD, respectively. ALAS1 is the first and rate-limiting step of heme synthesis. The induction of ALAS1 is re-
sponsible for the acute neurovisceral attacks of AHP and the accumulation of the neurotoxic intermediates ALA and PBG. Givosiran is 
an RNA interference medication that targets hepatic ALAS1, decreasing the levels of the ALAS1 enzyme. Hemin is intravenous heme 
that exerts its effect by negative feedback on ALAS1. Additionally, glucose increases insulin, which has an inhibitory effect on ALAS1 by 
both decreasing transcription and inhibiting the activity of PGC1α, a transcriptional coactivator that increases transcription of ALAS1. 
Professional illustration by Somersault18:24.

Dickey AK, Hematology 2024



Terapie
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Adverse events were reported in 90% of patients in the giv-
osiran group and 80% of the pla cebo group, includ ing seri ous 
adverse events in 21% of the givosiran group and 9% of the 
pla cebo group.2 Adverse events reported more com monly in 
patients treated with givosiran included nau sea, injec tion-site 
reac tions, rash, fatigue, increased ala nine ami no trans fer ase 
(ALT), and increased cre at i nine. An ALT level of more than 3 times 
the ULN occurred in 15% of patients in the givosiran group and 
2% in the pla cebo group.2 One patient in the givosiran treat ment 
group per ma nently discontinued ther apy because of the ele va-
tion of ALT to 9.9 times the ULN, which sub se quently returned to 
nor mal 6 months after discontinuing ther apy.2 In other patients 
with ALT abnor mal i ties, the ele va tions occurred around 3 to 5 
months after starting treat ment and resolved with con tin ued 
ther apy or after a brief inter rup tion in ther apy.2 Abnormal renal 
func tion occurred at a median of 3 months of ther apy in 15% of 
patients on givosiran and 7% of pla cebo and gen er ally resolved 
with con tin ued dos ing.2

Givosiran long-term data and other givosiran trial data
After the com ple tion of the phase 3 ENVISION study, an open- 
label exten sion (OLE) was conducted in which all  patients 
received givosiran of 2.5 or 1.25  mg/kg monthly for 6 months 
or more before transitioning to 2.5  mg/kg for a total of 36 
months.19,20 Of the 94 patients enrolled in ENVISION, 79 com-
pleted the OLE.20 The median annu al ized attack rate (AAR) 

decreased by 92% in the pla cebo cross over group. The AAR 
and the annu al ized days of hemin use for those on givosiran 
were both 0.4.20 In the final 3 months of the OLE, 86% and 96% 
of par tic i pants in the con tin u ous givosiran group and pla cebo 
cross over groups, respec tively, expe ri enced 0 attacks.20 At 
36 months fol low-up, patients had sustained reduc tions in 
ALA and PBG and sustained improve ments in qual ity of life.20 
 Participants with a his tory of pro phy lac tic hemin use prior to the 
phase 3 trial had sim i lar out comes as those with out pro phy lac-
tic hemin use.20 Adverse events were similar to the phase 3 trial 
ENVISION (Table 2).20 Notably, 3% of patients had treat ment-
emer gent low-titer antigivosiran antibodies with out an effect on 
drug  effi cacy.20

Because of the con cern that hepatic ALAS1 inhi bi tion may 
lead to med i ca tion inter ac tions due to hepatic CYP deple tion, 
a drug-drug inter ac tion study was performed in patients with 
AIP who were not hav ing por phyria attacks.21 In these patients, 
1 dose of givosiran was asso ci ated with a mod er ate effect on 
the metab o lism of drug sub strates for CYP1A2 and CYP2D6 
sub strates, a weak effect on CYP2C19 and CYP3A4 sub strates, 
and no effect on CYP2C9 sub strates, suggesting that clear-
ance of some CYP sub strates may be impaired after a sin gle 
dose of givosiran but that marked deple tion of hepatic heme 
is unlikely.21 In AHP patients on both givosiran and CYP2D6/
CYP1A2 sub strates with a nar row ther a peu tic index, close mon-
itoring may be needed.

Table 1. Management of AHP

Therapy/man age ment strat egy Indication Specifics Regulatory infor ma tion

Trigger avoid ance Any symp tom atic AHP patient Review safe/unsafe por phyria 
drug lists and other potential 
triggers.a

Not appli ca ble

Electrolyte reple tion Electrolyte abnor mal i ties dur ing 
acute attacks

Hyponatremia is espe cially  
com mon dur ing attacks.

Not appli ca ble

IV flu ids Poor oral intake and tachy car dia 
dur ing acute attacks

Boluses and main te nance flu ids 
may be nec es sary.

Not appli ca ble

Pain med i ca tions Pain not con trolled with other 
ther a pies

Opioids are often needed for 
acute attacks.

Not appli ca ble

Glucose (IV or oral) Acute attacks when hemin is not 
imme di ately avail  able

IV dex trose may be a good choice 
for main te nance flu ids.

Not appli ca ble

GnRH ana logs Potentially for recur rent acute 
attacks asso ci ated with the  
men strual cycle, if not respon sive 
to givosiran and hemin

The effi cacy, indi ca tions,  
appro pri ate dura tion, long-term 
side effects, and meth ods of side 
effect pre ven tion have not been 
well-established in AHP.

Not approved for AHP man age ment, 
may be used off-label

Hemin (Panhematin in  
United States, Normosang  
in Europe)

Treatment of acute attacks 3–4  mg/kg IV daily for 4 days for 
acute attacks. Panhematin should 
be dissolved in albu min to  
pre vent phle bi tis. Sometimes  
used off-label for pro phy laxis.

FDA label: treat ment of recur rent 
attacks in women tem po rally  
asso ci ated with the men strual cycle if 
car bo hy drate ther apy is inad e quate
Europe: treat ment of acute attacks of 
hepatic por phyria

Givosiran (Givlaari) Prevention of recur rent attacks 2.5  mg/kg/mo. Usefulness for 
treat ment of spo radic attacks, 
chronic symp toms, or acute 
attacks is unclear.

FDA label: treat ment of adults with 
AHP
EMA label: treat ment of patients  
12 and older with AHP
NDA 6 June 2019
FDA approval 20 Novem ber 2019

EMA, Euro pean Medicines Agency; NDA, New Drug Application.

Two recommended websites include http:  /  /www  .porphyriadrugs  .com and https:  /  /www  .drugs  -porphyria  .org.

Dickey AK, Hematology 2024

Trapianto di Fegato
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A post-hoc anal y sis of the ENVISION phase 3 data was per-
formed to bet ter under stand the effect of givosiran on the dis-
ease bur den in AHP.22 At base line, opi oids were used on most 
days between attacks by 29% of sub jects.22 In the givosiran treat-
ment group, opi oid use decreased by 12% dur ing attacks and 
13% between attacks, with decreases observed both in those 
with prior hemin pro phy laxis and those with out.22 Moreover, 
those in the givosiran group had 50% fewer days with severe 
pain between attacks vs pla cebo.22

Homocysteine ele va tion and givosiran
After the phase 3 trial, inves ti ga tors noted that patients on givo-
siran expe ri enced sub stan tial ele va tions of plasma homocysteine, 

and this was con firmed by post-hoc mea sure ments of homocys-
teine lev els from sam ples col lected dur ing ENVISION.23-26 Patients 
with AHP may have ele vated homocysteine lev els at base line, but 
this data dem on strated that givosiran can exac er bate this phe-
nom e non.23 The mech a nism by which AHP and givosiran lead to 
homocysteine ele va tion is uncer tain but is thought to involve the 
devel op ment of B6 and/or heme defi ciency.23 B6 is defi cient in 
almost half of all  AHP patients, pos si bly because B6 is a cofac-
tor for ALAS1, whose activ ity is ele vated in AHP.26 Because both 
heme and vita min B6 are cofac tors for cystathionine β-synthase, 
the enzyme that forms cystathionine from homocysteine, their 
deple tion in AHP and/or with givosiran may explain the observed 
homocysteine ele va tion in these patients.26 The sig nifi  cance of 

Table 2. Givosiran clin i cal trial results

Phase 1/2 Phase 3 dou ble-blind period OLE, 36 months

Dates 6 May 2015–6 Sep tem ber 2017 16 Novem ber 2017–31 Jan u ary 2019 Through 3 May 2021

Patient num ber 17 AIP patients with recur rent 
attacks (Parts A and B), 23 AIP 
patients with out recur rent 
attacks (Part C)

94 AHP patients with recur rent 
attacks

93 AHP patients enrolled
14 discontinued
79 com pleted

Gender 78% female, parts A/B;  
88% female, part C

89% female 89% female

Age (years) Median 47 (range, 30–64), parts 
A/B; 36 (21–59), part C on 
givosiran

39.0 ± 11.4 (mean, SD) for AIP patients Median, 37.5 (range, 19–65)

AHP types All AIP 89 AIP, 1 HCP, 2 VP, 2 no iden ti fied 
muta tion

89 AIP, 4 other AHP

Previous hemin  
pro phy laxis

46% of patients on givosiran in 
part C

40% 40%

Attack rate decrease (%) 79% reduc tion in median attack 
rate for recur rent attack patients

74% and 90% reduc tion in the mean 
and median AAR, respec tively

92% reduc tion in median AAR for pla cebo 
cross over group. Median AAR 0.4 across 
both pla cebo cross over and con tin u ous 
givosiran groups.

Urinary PBG decrease (%) Maximum reduc tion 96%, dose 
depen dent

91% decrease in median uri nary PBG Sustained improve ment

Urinary ALA decrease (%) Maximum reduc tion 91%, dose 
depen dent

86% decrease in median uri nary ALA Sustained improve ment

Quality of life Not reported Improved Sustained improve ment

Liver adverse events No clin i cally sig nifi  cant changes  
in lab o ra tory mea sures

ALT level of more than 3  ×  ULN in 
15% of givosiran group and 2% of 
pla cebo, to 9.9  ×  ULN in one patient 
lead ing to dis con tin u a tion. ALT later 
nor mal ized in all  patients.

11% of patients had ele vated ALT lev els 
>3  ×  ULN, gen er ally ~3–6 months with  
res o lu tion over time.

Kidney adverse events No clin i cally sig nifi  cant changes  
in lab o ra tory mea sures

Abnormal renal func tion in 15% of 
givosiran group and 7% of pla cebo

<25% of patients had renal adverse 
events, with small ini tial decreases in renal 
func tion sta bi liz ing over time.

Other adverse events Nasopharyngitis, abdom i nal  
pain, diar rhea, and injec tion site 
reac tion, but sim i lar inci dence 
among treat ment groups. One 
patient on givosiran died of  
hem or rhagic pan cre a ti tis.

Adverse events reported more  
com monly than pla cebo included 
nau sea, injec tion site reac tions, 
chronic kid ney dis ease, rash, 
increased ALT, and fatigue.

The most fre quent adverse events were 
injec tion site reac tions and nau sea. 
Sixteen per cent of patients expe ri enced 
ele vated homocysteine lev els. Four 
patients discontinued ther apy due  
to treat ment-related adverse events  
that included injec tion site reac tion,  
ele vated homocysteine level, pan cre a ti tis, 
drug hyper sen si tiv ity, and abnor mal liver 
biochemistries.

AAR, annualized attack rate; AHP, acute hepatic porphyria; AIP, acute intermittent porphyria; ALA, d-aminolevulinic acid; ALT, alanine aminotransferase; 
PBG, porphobilinogen; SD, stan dard devi a tion; ULN, upper limit of normal.

Effetti farmacodinamici ed efficacia 
clinica
Fase 3 ENVISON trial multicentrico, 
randomizzato doppio cieco, placebo-
controllo: Givosiran 2.5 mg/kg/mese
- 14 giorni dopo la prima dose: 

riduzioni mediane rispetto al 
basale di 83.7% ALA e 75.1% PBG 
urinari

- 3 mesi dopo: riduzioni mediane 
rispetto al basale del 93.8% ALA e 
94.5% PBG

- Risultati sostenuti in corso di 
somministrazioni mensili

Open Label Extension: 36 mesi
Real-World Givosiran Experience
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anal ge sics, elec tro lyte reple tion, and other ther a pies for symp-
toms such as nau sea.13,14 Alternative expla na tions for symp toms 
should be explored and any poten tial AHP trig gers stopped.

Hemin has also been used for off-label pro phy laxis of AHP 
attacks, and GnRH ana logs may be use ful to pre vent men strual 
cycle–related attacks, though their effi cacy and opti mal dura tion 
of use remain uncer tain.13,14

Givosiran ran dom ized clin i cal tri als
Because AHP symp toms are medi ated by the induc tion of 
hepatic ALAS1, this enzyme was a log i cal tar get for drug devel op-
ment (Figure 2).17 A phase 1/2 clin i cal trial was published in 2019  
supporting the use of ALAS1 RNAi in patients with AIP.18 Patients 
with and with out recur rent attacks (defined as ≥2 attacks within  
6 months), 17 and 23 par tic i pants, respec tively, were given var i ous  
doses of givosiran at dif fer ent time inter vals.18 The 17 AIP patients 
with recur rent attacks received monthly or quar terly pla cebo  
or givosiran, either 2.5  mg/kg or 5  mg/kg sub cu ta ne ously, over 
12 weeks. The 6 AIP patients with recur rent attacks who received 
monthly givosiran expe ri enced a 79% reduc tion in median attack 
rate and a reduc tion in uri nary ALA, uri nary PBG, and urine and 
serum exosomal ALAS1 mRNA over 12 weeks.18 Those with out 
recur rent attacks were stud ied pri mar ily for the opti mi za tion of 
givosiran dos ing. There were no sig nifi  cant safety sig nals. One 
patient with recur rent attacks and a com plex med i cal his tory 
who was receiv ing 5  mg/kg of givosiran monthly died of hem-
or rhagic pan cre a ti tis dur ing the study. It was deemed at the 

time to be unlikely related to givosiran, though pan cre a ti tis is 
now con sid ered a poten tial com pli ca tion of givosiran and was 
recently added to the pack age label.18

The phase 3 ENVISON trial was a mul ti cen ter, ran dom ized, 
dou ble-blind, pla cebo-con trolled trial conducted between 2017 
and 2018 and included 94 patients with AHP.2 Patients were 
included if they were aged 12 years or older, had urine ALA and 
PBG lev els greater than 4 times the upper limit of nor mal (ULN) at 
the time of screen ing, and had expe ri enced 2 por phyria attacks 
involv ing hos pi tal i za tion, urgent care, or home hemin within the 
6 months prior to enroll ment.2 Though patients were required 
to stop pro phy lac tic hemin prior to enroll ment, inves ti ga tors 
were  able to treat break through AHP attacks with hemin dur ing 
the study period. Participants received givosiran at 2.5  mg/kg 
or pla cebo sub cu ta ne ously monthly for 6 months.2 Among par-
tic i pants, 89% were female, and 95% had AIP. Among the 89 
par tic i pants with AIP, there was a 74% reduc tion in the mean 
annu al ized attack rate (12.4 vs 3.2), which was the study’s pri-
mary end point (Table 2).2 As for sec ond ary end points, givosiran 
was asso ci ated with an 86% decrease in median uri nary ALA 
(23.2-4.0  mmol/mole cre at i nine), a 91% decrease in median uri-
nary PBG (35.1-4.4  mmol/mole cre at i nine), and a 77% decrease 
in mean days of hemin use (29.7-6.8 days), all  with P  <  .001.2 The 
worst daily pain score was lower in the givosiran group (P  =  .046), 
but there was no change in the worst daily scores for fatigue or 
nau sea.2 Quality-of-life scores indi cated a pos i tive effect on qual-
ity of life.

Figure 2. The mechanism of action of givosiran. Givosiran is an RNAi medication that inhibits ALAS1 in the liver. Givosiran is con-
jugated to N-acetylgalactosamine (GalNac), which mediates its targeting to hepatocytes. The ASGPR transmembrane receptors 
on hepatocytes have high affinity and specificity for GalNac. After binding to ASGPR receptors, givosiran is brought into endoly-
sosomes, where the GalNac ligand is rapidly degraded. Givosiran’s double-stranded ALAS1 small interfering RNA (ALAS1-siRNA) 
molecule is released into the cytosol, where it is cleaved by the enzyme dicer into slightly shorter double-stranded fragments of 
approximately 20 base pairs and separated into single-stranded RNAs, a passenger (sense) strand and guide (antisense) strand. 
The passenger strand is degraded, and the guide strand binds to cellular ALAS1-mRNA and is incorporated into the RNA-induced 
silencing complex (RISC). RISC then cleaves the new double-stranded RNA, resulting in a decrease in the amount of ALAS1 enzyme. 
Professional illustration by Somersault18:24.

Givosiran: meccanismo d’azione

Givosiran, RNA interference (iRNA) a doppio filamento, è 
coniugato con N-acetilgalattosamina (GalNac) che media il 
tropismo epatocitario.
Le asialoglicoproteine (ASGPR), recettori transmembrana 
sugli epatociti, hanno elevata affinità e specificità per N-
acetilgalattosamine (GalNac). Dopo il legame con ASGPR, 
Givosiran è internalizzato negli endosomiali, dove il ligando 
GalNac è rapidamente degradato

Givosiran ALAS1-siRNA è rilasciato nel citosol dove è scisso in 
frammenti a doppio filamento più corti di circa 20 paia di basi, 
poi separati in RNA a filamento singolo, un filamento (sense) 
ed uno guida (antisense). Il filamento sense viene degradato, 
mentre il filamento guida si lega all'ALAS1-mRNA cellulare e 
viene incorporato nel complesso di silenziamento indotto 
dall’RNA (RISC). Il RISC scinde quindi il nuovo RNA a doppio 
filamento, determinando una diminuzione della quantità 
dell'enzima ALAS1

Dickey AK, Annu Rev Med 2024
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Givosiran: modalità di somministrazione

- Givosiran 189 mg/mL soluzione iniettabile
- Ogni mL di soluzione contiene Givosiran sodio equivalente a 189 mg di Givosiran
- Soluzione iniettabile

Indicazioni terapeutiche
- Trattamento della porfiria epatica acuta in adulti e adolescenti di età pari o superiore a 12 anni
- La dose raccomandata di Givosiran è di 2.5 mg/kg ogni 28 giorni, somministrata per iniezione sottocutanea

- La dose (in mg) e il volume (in mL) devono essere calcolati come segue:
- peso corporeo (kg) x dose (2.5 mg/kg) = quantità totale (mg) da somministrare
- quantità totale (mg) divisa per la concentrazione del flacone (189 mg/mL) = volume totale di medicinale 

(mL) da iniettare



Storia di Luigi

Luigi, 56 anni

- Buon bevitore
- Anamnesi apparente muta
- Recente comparsa di astenia ingravescente
- Comparsa di foto-sensibilità ed ipertricosi
- Lesioni cutanee vescicolo-bollose

- Obiettività: lesioni cutanee sulle superfici fotoesposte
- Epatomegalia
- Lab: Hb 13.5 g/dl; AST 52; ALT 76; GGT 65; ALP 182; Ab anti-HCV +; ferritina 850



Storia di Leonardo

Leonardo, 60 anni

- Accesso in PS per addominoalgia ed ittero; tre precedenti episodi
- In anamnesi: fotosensibilità dall’infanzia con edema ed eritema, a risoluzione spontanea, segni definiti “orticaria solare”
- Analoghi segni nei familiari
- Alterazione remittente di stasi e necrosi epatica sine materia

- Ecografia addominale: microcolelitiasi; lieve epatomegalia
- Lab: moderata alterazione degli indici di stasi e necrosi epatica
- Consigliata colecistectomia videolaparoscopica

- Colecistectomia
- Fegato: macroscopicamente epatomegalia, ipercromia tissutale, margini irregolari
- Esame istologico (colorazione ematossilina-eosina): steatosi micro- e

macrovescicolare à diagnosi: NASH (non alcoholic steatohepatitis)
- Non ulteriori approfondimenti

- Due settimane post-intervento: insufficienza epatica acuta
- Trapianto di fegato



Diagnosi

Laboratorio

- Picco di fluorescenza plasmatico: 620 nm positivo
- Fluorociti: 0.2%
- ALA 1.4 mcmol/mmol creatinina (<5)
- PBG  0.6 mcmol/mmol creatinina (<1.5)
- Protoporfirine Eritrocitarie: 2 mcg/g Hb (<3)
- Porfirine urinarie totali: 5347 mcg/L (<150)

(uro 64%; epta28%; copro 2%)
- Porfirine fecali totali 50 mcg/g dw (<150) (epta 47%; iso-

copro 7%)
- Gene UROD: c.[815T>C];[=]

Porfiria Cutanea Tarda

Laboratorio

- Picco di fluorescenza plasmatico: 635 nm positivo
- Fluorociti: 0.2%
- ALA 1.8 mcmol/mmol creatinina (<5)
- PBG 1.6 mcmol/mmol creatinina (<1.5)
- Porfirine urinarie totali: 23 mcg/L (<150)
- Protoporfirine Eritrocitarie: 256 mcg/g Hb (<3)
- Porfirine fecali totali 199 (<150) (proto 30%)
- Gene FECH: c.[598+1G>T;599-3C>T];[=]
- Allele a bassa espressione FECH:

c. 1-252[A>G];[A=]
c.68-23[C>T];[C=]
c.315-48[T>C]; [T=]

Protoporfiria Eritropoietica

- Anamnesi accurata
- Valutazione accurata delle lesioni cutanee
- Misurazione delle porfirine urinarie totali
- Picco plasmatico a diverse lunghezze d’onda
- Analisi molecolare



Fisiopatologia delle lesioni cutanee

- Le porfirine circolanti assorbono la luce (400-410 nm) entrando in uno “stato iperenergetico” à

- specie reattive dell’ossigeno con danno proteico, lipidico e del DNA
- perossidazione dei lipidi di membrana provoca rilascio di mediatori dell’infiammazione da mastociti e neutrofili
- danno cronico del limite dermo-epidermico à fragilità cutanea (vescicole e bolle) à croste e cicatrici permanenti

- In PCT: fattori di rischio che contribuiscono all’inattivazione e/o inibizione enzimatica (UROD) sono costituiti da alcol, 
estrogeni; HCV, HIV ed HFE, quest’ultimo responsabile di meccanismo ossidativo ferro-dipendente (disregolazione di HAMP)

- In EPP l’accumulo di protoporfirine prevalentemente negli eritrociti ed anche nei tessuti (cute, fegato, midollo osseo) e nei fluidi 
biologici (plasma, bile e feci) porta a dolorosa fotosensibilità e a potenziali complicanze epatiche; le protoporfirine sono lipofile e 
non sono escrete con le urine



Fisiopatologia del danno epatico

Plasmaferesi
Eritrocitoaferesi
Trasfusioni
Colestiramina
Trapianto di fegato



Clinica

- Protoporfiria Eritropoietica (EPP): estrema foto-sensibilità, pirosi, eritema ed edema cutaneo; ispessimento cutaneo; inoltre 
alterazione dell’ematopoiesi con anemia microcitica e trombocitopenia (30-50% dei casi), lieve emolisi. Nel 30% dei pazienti 
presenza di danno epatico cronico, con colelitiasi e cirrosi; nel 2% insufficienza epatica colestatica fulminante

- Porfiria Cutanea Tarda (PCT): ipertricosi nelle zone foto-esposte, non dipendente dallo stimolo androgenico; milia ed ipo-
iperpigmentazione, con zone di alopecia, aree sclerodermiche che possono interessare vasti ambiti cutanei

- Porfiria Eritropoietica Congenita (CEP), Malattia di Gunther: grave foto-sensibilità con lesioni bollose cutanee mutilanti, ad 
esordio precoce e solo in rari casi late onset; eritrodonzia, ipertrocisi, osteopenia; inoltre emolisi cronica, splenomegalia ed 
ipersplenismo; in BM: “porfiroblasti”



Terapie: convenzionali e sperimentali
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Table 3 Available therapies and therapies under development for porphyria

Type of
porphyria Therapies in usea

Potential therapies in
clinical trials Therapies in development

Acute hepatic
AIP Panhematin (21), givosiran (37) None Gene therapy (93), intravenous

administration of PBGD mRNA (94)
VP Panhematin (21)b, givosiran (37) None None
HCP Panhematin (21, 30)b, givosiran

(37)
None None

ADP Panhematin (21, 95)b,c None None
Blistering cutaneous
PCT Therapeutic phlebotomy (86),

hydroxychloroquine (85),
hepatitis C antiviral therapy (87)

None None

CEP Blood transfusion (88), therapeutic
phlebotomy (90), iron chelation
(96)

None Ciclopirox (92)

Nonblistering cutaneous
EPP Afamelanotide (55) Dersimelagon (59),

bitopertin (60),
cimetidine (61)

Antisense oligonucleotides (97),
inhibition of ABCG2 transporter (98)

XLP Afamelanotide (55) Dersimelagon (59),
cimetidine (61)

None

Abbreviations: ADP, δ-aminolevulinic acid dehydratase de!ciency porphyria; AIP, acute intermittent porphyria; ALA, aminolevulinic acid; CEP, congenital
erythropoietic porphyria; EPP, erythropoietic protoporphyria; HCP, hereditary coproporphyria; PBGD, porphobilinogen deaminase; PCT, porphyria
cutanea tarda; VP, variegate porphyria; XLP, X-linked protoporphyria.
aFor details on liver and bone marrow transplant in the porphyrias, please see text.
bPanhematin is not approved for treatment of VP, HCP, or ADP but is used off-label.
cIn case reports, givosiran has not been shown to be bene!cial in ADP (99).

and electrolytes should be carefully monitored and repleted. Patients should be monitored for
neurologic complications, including seizures.

Prevention of attacks.Hemin has been used prophylactically off-label in AHP patients with
recurrent attacks to prevent attacks and hospitalization (32). Long-term hemin use can be associ-
ated with complications, including iron overload and phlebitis. Other therapies, including GnRH
(gonadotropin-releasing hormone) analogs, have been used in women with cyclic attacks related
to their menstrual cycle, with mixed results (33). While liver transplantation is curative in AHP,
this is generally only considered in individuals with severely debilitating symptoms not respon-
sive to other pharmacologic measures (34, 35). Both liver and kidney transplantation have been
reported in AHP cases with end-stage renal disease. In a report from France, kidney transplan-
tation in patients with AIP and end-stage renal disease signi!cantly reduced AIP disease activity
(36).

Givosiran, a small interfering RNA (siRNA) targeting ALAS1 in hepatocytes, is approved by
the US Food and Drug Administration for treating adults with AHP (Table 3). It is adminis-
tered subcutaneously at 2.5 mg/kg monthly to prevent attacks. In a pivotal phase III clinical trial,
givosiran decreased the annualized attack rate by 74% compared to the placebo group (37). It was
associated with reduced urine ALA and PBG and improved quality of life. Patients on givosiran
experienced an improvement in chronic symptoms and a decrease in hemin and pain medication
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Gene Therapy

Antifungine pharmacological chaperone, 
deleterious mutations in UROIIISBone Marrow Trasplantation
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showed that Abcg2-null mice are sensitive to an exogenous photo-
toxin, pheophorbide A (PPA), which is an analog of PPIX and a 
substrate of ABCG2 (24). This phototoxicity model is totally differ-
ent from EPP, because oral treatment with PPA bypasses ABCG2 in 
RBCs and PPA is directly delivered to the skin, whereas the distri-
bution of PPIX to the skin in EPP is dependent on ABCG2 in RBCs 
and deficiency of ABCG2 decreases the distribution of PPIX to the 
skin. In addition, deficiency of ABCG2 in the intestine increases the 
bioavailability of PPA by preventing its efflux back into the intestinal 
lumen. Furthermore, PPA cannot be further metabolized through 
conjugation pathways because a methyl group already occupies one 
of the conjugation positions in PPA. Moreover, deficiency of ABCG2 
in hepatocytes blocks PPA excretion through the biliary system, 
and thus, PPA will return to the circulatory system and deposit more 
in the skin and increase phototoxicity.

Some pertinent questions for dysfunction of ABCG2 in EPP 
are whether the accumulation of PPIX in RBCs will be safe and 
what the fate of the high level of PPIX in RBCs is. We analyzed 
mean corpuscular hemoglobin (MCH) and total hemoglobin (tHb) 

in the blood of EPP mouse models and observed decreases of 
MCH and tHb in Fech-mut mice, but not in Fech-mut/Abcg2-null 
mice (fig. S8). In addition, Fech-mut/Abcg2-null mice appear healthy 
with a normal breeding pattern compared to Fech-mut mice with 
difficulties in breeding. Spleen enlargement has been observed in 
patients with EPP (31). Deficiency of ABCG2 attenuates EPP- 
associated spleen enlargement (fig. S9A), although the PPIX level 
in the spleen of Fech-mut/Abcg2-null mice was higher than that 
of Fech-mut mice (fig. S9B). These data suggest that PPIX accu-
mulation in RBCs is safe in EPP with ABCG2 deficiency. RBCs 
have a lifespan of ~120 days; afterward, they are recycled by macro-
phages in the spleen and liver. Therefore, it is likely that the high 
level of PPIX in RBCs of Fech-mut/ Abcg2-null mice will end up in 
the macrophages of the spleen and liver, and this seems protective 
because a previous study showed that retention of PPIX in Kupffer 
cells, the resident liver macrophages, attenuates EPP- associated 
hepatotoxicity (23). Further studies are needed to determine the 
metabolism and disposition of PPIX in the macrophages of the 
spleen and liver.

Fig. 6. A summary of the roles of ABCG2 in the pathophysiology of EPP. ABCG2 is expressed in RBCs and hepatocytes. (A) A schematic showing ABCG2 drives phototoxicity 
and hepatotoxicity in EPP by (1) increasing PPIX distribution to the skin and increasing photosensitivity; (2) increasing PPIX delivery to the hepatobiliary system and 
causing bile duct blockage and cholestatic liver injury; and (3) ABCG2-dependent bile duct blockage further increases PPIX accumulation in the body, which, in turn, potentiates 
both phototoxicity and hepatotoxicity. (B) A schematic showing deficiency of ABCG2 abolishes phototoxicity and hepatotoxicity in EPP by (1) decreasing PPIX distribution 
to the skin and decreasing photosensitivity; (2) decreasing PPIX delivery to the hepatobiliary system and relieving PPIX-mediated bile duct blockage; (3) the retained PPIX 
in hepatocytes can be further metabolized to conjugated products to facilitate their excretion; and (4) prevention of PPIX-mediated bile duct blockage decreases PPIX 
accumulation in the body and attenuates both phototoxicity and hepatotoxicity.

Wang P, Sci Adv 2019
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4. Mechanism of Action 
A mechanism of photoprotection is provided through the increased production of 

eumelanin, a black-brown pigment generated by melanocytes, keratinocytes, monocytes, 
endothelial cells, and fibroblasts. Eumelanin produced by melanocytes is influenced by 
five known distinct melanocortin receptors. Dersimelagon has the highest aĜnity for the 
melanocortin-1 receptor (MC1R), a G-protein coupled receptor on melanocytes that binds 
to melanocortin to regulate skin and hair color (Table 3) [40–42]. 

Table 3. Comparison of Dersimelagon (MT-7117) and Afamelanotide (NDP-΅MSH) binding aĜni-
ties to four MCR [38]. 

 Ki Value for Receptor Binding (nmol/L) 
Human Recombinant Receptor MT-7117 NDP-΅ MSH 

MC1R 2.26 0.028 
MC3R 1420 0.17 
MC4R 32.9 0.20 
MC5R 486 0.21 

MC1R is established as the main driver of human pigmentation [34]. Potent peptide 
analogs of ΅-melanocyteǦstimulating hormone (΅-MSH) (which binds to MC1R as seen in 
Figure 4) have been developed and extensively tested, and have demonstrated the eěect 
of enhancing the repair of DNA photoproducts and reducing reactive oxygen species 
(ROS) generation and apoptosis in ultraviolet radiation-irradiated melanocytes [34]. Acti-
vation of MC1R has been shown to produce eumelanin through an intracellular cascade 
reaction, as outlined in Figure 5 [41]. In this cascade, the agonist ΅-MSH binds to MC1R 
in the seĴing of solar irradiation, which then induces dissociation of the G ΅-subunit. Ad-
enyl cyclase is activated, leading to an accumulation of intracellular cAMP. Protein kinase 
A is then activated by this cAMP, thereby phosphorylating a variety of downstream eěec-
tor pathways, including induction of the CREB and Mitf transcription factor networks, 
ultimately leading to the expression of tyrosinase and other enzymes involved in melanin 
synthesis [41]. 

�

Figure 4. Cryo-EM structure of alpha-MSH-bound melanocortin-1 receptor in complex with Gs
protein. Protein data bank of the National Science Foundation of the National Institutes of Health
under grant R01GM1133198. https://www.rcsb.org/3d-view/7F4D/1, accessed on 23 July 2023.
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Figure 5. Model of predicted binding of Dersimelagon to MCR1 and the cascade of downstream 

eěects leading to increased eumelanin production [41]. 

Dersimelagon increases cAMP levels in a dose-dependent manner. Pharmacokinetic 

studies revealed that dersimelagon was able to produce Emax values similar to those of 

΅MSH, suggesting that they have similar agonistic activity on variants of MC1R [38]. 

Plasma concentrations of the drug were analyzed and revealed a greater-than-dose-pro-

portional increase in serum levels of dersimelagon with increased oral dosing in animal 

studies. Oral administration of dersimelagon produced the MC1R agonistic activity levels 

necessary to induce skin pigmentation in murine models (Figure 6). As outlined in Figure 

6, MC1R agonists increased melanin production in the hair root in a dose-dependent man-

ner; 1 mg/kg was found to be the minimally eěective dose for clinically significant melanin 

production. Over six consecutive days, dersimelagon (MT-7117) was administered orally 

and afamelanotide (NDP a-MSH) was administered subcutaneously. As seen in Figure 6c, 

MT-7117 elicited synthesis of eumelanin, rather than pheomelanin. While dersimelagon 

is selective for MC1R, afamelanotide non-selectively binds MC1R, MC3R, and other mel-

anocortin receptors [24,38]. Perhaps nausea often produced by afamelanotide may be at-

tributed to its binding to MC3R and downstream eěects [43]. 

Figure 5. Model of predicted binding of Dersimelagon to MCR1 and the cascade of downstream
effects leading to increased eumelanin production [41].

Madigan KE, Pharmaceuticals 2024

Terapie sperimentali

Dersimelagon: agonista orale selettivo del recettore della 
melanocortina-1 che incrementa la sintesi di eumelanina e 
della pigmentazione cutanea con effetto anti-infiammatorio, 
determinando una maggiore tolleranza alla luce del sole

Afamelanotide: analogo dell’ormone umano stimolante of α-
melanocyte (α-MSH) che lega il recettore della 
melanocortina-1 (MC1R) su dermatociti e melanociti

Inibitore orale selettivo del trasportatore della glicina



- Le porfirie costituiscono un gruppo eterogeneo di malattie rare, non facilmente diagnosticabili

- Necessarie attenta anamnesi e diagnosi differenziale corretta, in caso di addominoalgia e sintomi neurologici 
sine materia, in particolare nelle giovani donne

- Non somministrare farmaci se non necessari in urgenza e valutare attentamente l’indicazione alla chirurgia

- Importante la diagnosi precoce al fine di evitare interventi inappropriati e migliorare la qualità di vita del 
paziente

- Complicanze che possono risultare fatali

- Fondamentale la prevenzione

- Essenziale lo sviluppo di nuove terapie

Conclusioni


