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A
Markteinführung neuer Arzneistoffe
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Arzneimittel mit neuen Wirkstoffen 2017 – 3/3



A
Neue Arzneimittel 2017/18 - Themen

§ Hämophilie A/B 

§ Atopische Dermatitis

§ Rheumatoide Arthritis

§ Hepatitis C

§ Ausblick 2018



A
Hämophilie A/B

Faktor VIII
Faktor IX
Mangel 
-> Blutungen
-> Muskel-, 
Gelenkschäden,
Schmerzen

Therapie:
• Substitution der Faktoren
• prophylaktisch / bei Bedarf
• intravenös
• alle 2-3 Tage



A
Blutgerinnungsfaktoren

Schwabe et al., Arzneiverordnungsreport 2017



A
Rekombinante Faktor IX-Analoga

modifiziert nach Nazeef & Sheehan, Journal of Blood Medicine 7, 27–38, 2016

Eftrenonacog alfa
HWZ 82 h

Albutrepenonacog alfa
HWZ 92 h

rFIX
HWZ 19 h



A
Neonataler Fc-Rezeptor (FcRn) ...

Roopenian, Nature Rev Immunol 7, 7015 (2007)

... vermittelt den Transport maternaler Antikörper
• durch die Placenta zum Embryo (b)
• aus dem Darmlumen des Neugeboren in das Blut (a) 



A
Der neonatale Fc-Rezeptor (FcRn) ...

Roopenian, Nature Rev Immunol 7, 7015 (2007)

... wird auch bei Erwachsenen exprimiert (Endothel, Monozyten etc.) und
• schützt endogene und therapeutische Antikörper
• und Albumin vor dem lysomalen Abbau -> Halbwertszeit 3 Wochen



A
Hämophilie

Hämophilie A Hämophilie B
Gendefekt Faktor VIII Faktor IX
Vererbung X-rezessiv X-rezessiv
Häufigkeit 1:5.000 m 1:30.000 m
Inhibitorische AK 30% 5%
Therapie
• Faktoren aus 

humanem Plasma
Faktor-VIII-human
(10 Präparate)

Faktor-IX-human
(8 Präparate)

• rekombinante
Faktoren

rFVIII (8 Arzneimittel) rFIX (2 Arzneimittel)

• modifizierte
rekomb. Faktoren

Efmoroctocog alfa
(Fc-Fusion) HWZ 1,5x

Eftrenonacog alfa
(Fc-Fusion) HWZ 5-6x (82h)

Lonoctocog
(Deletion -> Stabilisierung)

Albutrepenonacog alfa
(Albumin-Fusion) HWZ 5-6x (92h)

Susoctocog (Schwein) Nonacog beta pegol
(Glyco-PEG-rFIX) HWZ 115h 



A
Prophylaktische vs. anlassbezogene Therapie der Hämophilie

IQWiG, 2015



A
Modifizierte rekombinante Gerinnungsfaktoren

• Humanplasmatische Faktoren
• Rekombinante Faktoren

Modifizierte rekombinante
Faktoren
• 5x längere HWZ (bis zu 90h)
• längeres Applikationsintervall

(bis zu 14 Tage)



A
Atopische Dermatitis

• = atopisches Ekzem, Neurodermitis
• genetische Prädisposition, Störung der Hautbarriere
• 23% der Säuglinge, Kleinkinder; 8% der Schulkinder; 

2-4% der Erwachsenen
• Symptome: Ekzem, Juckreiz, Hautinfektionen...
• Stufentherapie:

Stufe 
1

Stufe
2

Stufe 
3

Stufe 
4

trockene Haut

leichte Ekzeme

moderate Ekzeme

schwere Ekzeme

topische Basistherapie, Vermeiden vonTriggern

+ niedrig-potente topische Corticoide 
und/oder topische Calcineurin-Hemmer

+ höher-potente topische Corticoide 
und/oder topische Calcineurin-Hemmer

+ systemische immunmodulierende 
Therapie (z.B. Ciclosporin)

nach Leitlinie Neurodermitis, 2016, AWMF-Registernummer: 013–027; Schema: W&B/Jörg Neisel 



A
Pathogenese der atopischen Dermatitis

www.atopische-dermatitis.info
Dipulimumab



A
Dipulimumab hemmt Interleukin 4-Rezeptoren

Chang, Nadeau, Cell 170, 222, 2017 



A
Dupilumab bei atopischer Dermatitis

Simpson et al., N Engl J Med 2016;375:2335-48

• SOLO 1: 671 Pat., SOLO 2: 708 Patienten mit moderater bis schwerer
atopischer Dermatitis, die auf lokale Therapie nicht ausreichend ansprechen

• Dupilumab 300 mg s.c. vs. Placebo

Eczema Area and Severity Index 

n engl j med 375;24 nejm.org December 15, 20162344

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

infections, both of which were more frequent in 
the placebo groups, whereas in the phase 2b trial, 
there was no apparent imbalance in the rates of 
serious adverse events across treatment groups.10,14 
In SOLO 1 and SOLO 2, infections were report-
ed in 28 to 35% of patients receiving dupilumab 
and in 28 to 33% of those receiving placebo. 
Herpes viral infections of any type were reported 

in 4 to 7% of patients receiving dupilumab and in 
3 to 4% of those receiving placebo. The patients 
receiving placebo had a higher incidence of skin 
infections (8 to 11%) than did dupilumab-treated 
patients (approximately 6%), a finding that was 
consistent with an improvement in skin-barrier 
integrity and function associated with dupilu-
mab,10,11 whereas non-skin infections were ob-

Figure 2. Secondary End Points.

Shown are the least-squares mean percent changes from baseline in the Eczema Area and Severity Index (EASI) 
score (Panels A and B) and in the weekly average of peak scores on the numerical rating scale (NRS) for pruritus  
(a key secondary end point) (Panels C and D) in SOLO 1 and SOLO 2 at 16 weeks (P<0.001 for all comparisons with 
placebo). The I bars represent standard errors. For the pruritus NRS, the baseline peak score was the average of the 
daily scores for maximum itch intensity during the 7 days immediately preceding randomization (minimum of four 
scores required). For continuous end points, data from patients who received rescue medications were categorized 
as missing at all time points after the receipt of the rescue medication; missing data were imputed with the use of a 
multiple-imputation method.
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Pruritus Score



A
Dupilumab bei atopischer Dermatitis - UAW

Simpson et al., N Engl J Med 2016;375:2335-48
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Table 3. Adverse Events.*

Event SOLO 1 SOLO 2

Placebo 
(N = 222)

Dupilumab  
Every Other Week  

(N = 229)

Dupilumab  
Every Week  
(N = 218)

Placebo  
(N = 234)

Dupilumab  
Every Other Week  

(N = 236)

Dupilumab  
Every Week  
(N = 237)

number of patients (percent)

Adverse or serious adverse event
At least 1 adverse event 145 (65) 167 (73) 150 (69) 168 (72) 154 (65) 157 (66)
At least 1 serious adverse event 11 (5) 7 (3) 2 (1) 13 (6) 4 (2) 8 (3)
Death† 0 0 0 0 1 (<1) 1 (<1)
Adverse event leading to treatment 

discontinuation
2 (1) 4 (2) 4 (2) 5 (2) 2 (1) 3 (1)

Noninfectious adverse event‡
Injection-site reaction 13 (6) 19 (8) 41 (19) 15 (6) 32 (14) 31 (13)
Exacerbation of atopic dermatitis 67 (30) 30 (13) 21 (10) 81 (35) 32 (14) 38 (16)
Headache 13 (6) 21 (9) 11 (5) 11 (5) 19 (8) 22 (9)
Allergic conjunctivitis 2 (1) 12 (5) 7 (3) 2 (1) 2 (1) 3 (1)
Infectious adverse event‡
Infections and infestations§ 63 (28) 80 (35) 74 (34) 76 (32) 65 (28) 68 (29)

Nasopharyngitis 17 (8) 22 (10) 25 (11) 22 (9) 20 (8) 20 (8)
Upper respiratory tract infection 5 (2) 6 (3) 11 (5) 5 (2) 7 (3) 9 (4)
Conjunctivitis¶ 2 (1) 11 (5) 7 (3) 1 (<1) 9 (4) 9 (4)

Any herpes viral infection∥ 9 (4) 15 (7) 9 (4) 8 (3) 10 (4) 12 (5)
Oral herpes 4 (2) 9 (4) 4 (2) 4 (2) 8 (3) 9 (4)
Herpes simplex 3 (1) 7 (3) 2 (1) 1 (<1) 0 1 (<1)
Eczema herpeticum 2 (1) 1 (<1) 1 (<1) 1 (<1) 2 (1) 0
Herpes virus infection 0 0 1 (<1) 1 (<1) 0 0
Herpes zoster 1 (<1) 1 (<1) 0 1 (<1) 0 0
Ophthalmic herpes simplex 0 0 1 (<1) 0 0 0
Genital herpes 1 (<1) 0 0 0 0 1 (<1)
Herpes ophthalmic 0 0 0 1 (<1) 0 1 (<1)
Herpes simplex otitis externa 0 0 0 0 1 (<1) 0

Adjudicated skin infection 18 (8) 13 (6) 14 (6) 26 (11) 13 (6) 15 (6)
Non-skin infection 49 (22) 69 (30) 67 (31) 57 (24) 58 (25) 61 (26)

*  Patients are listed according to the study drug received, which may differ from the randomized group. Adverse events that were reported at the level of preferred terms occurred in at 
least 5% of the patients in any randomized group, with the exception that all adverse events with preferred terms related to herpes virus infection are reported here. Included in the 
safety analysis were all the patients who underwent randomization and received at least one dose of dupilumab or placebo.

†  Details regarding the two deaths are provided in the Supplementary Appendix.
‡  Adverse events are reported at the preferred term level of the Medical Dictionary for Regulatory Activities (MedDRA) hierarchy, unless otherwise indicated.
§  This adverse event is reported at the system organ class level in the MedDRA hierarchy.
¶  This MedDRA preferred term includes conjunctivitis of unspecified cause.
∥  This adverse event is reported at the high-level term in the MedDRA hierarchy.
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A
Wirkstoff humaner, monoklonaler Antikörper 

gegen Interleukin-4 Rezeptor α
Wirkung hemmt IL4 und IL13-Signalwege
Kinetik s.c. -> 64% bioverfügbar  
UAW lokale Injektionsreaktionen, Konjunktivitis
Kontraind. Überempfindlichkeit gegen den Wirkstoff, Helminthose, 
Dosierung Start 600 mg -> 300 mg/2 Wochen s.c.
Anwendung Erwachsene mit mittelschwerer-schwerer 

atopischer Dermatitis
(+ ggf. topische Cortcioide, Calcineurin-Inhibitoren)

Kosten 6 Fertigspritzen je 2 ml: 5.233 €
Jahrestherapiekosten: 21.806 €

Nutzenbewertung – Beginn 01.12.2017

Dupilumab (Dupixent®) ab 1.12.2017



A
Polyarthrose                    rheumatoide Arthritis

Hettenkofer et al., Rheumatologie, 2015

• chronische Entzündung
• Autoimmunerkrankung
• Antikörper

• Rheumafaktor
• Auto-AK gegen citrullinierte 

Peptide (ACPA)
• steife, schmerzhafte Gelenke
• Knorpel-, Knochenschädigung
• Morgensteifigkeit
• andere Organe betroffen

• „Verschleiss“
• Knorpel-, Knochenschädigung
• Schmerzen (nach Ruhephasen;

Anlaufschmerz; bei Belastung
und abends verstärkt)

• Steifigkeit < 15 min



A
Pathophysiologie der rheumatoiden Arthritis

Hettenkofer et al., Rheumatologie, 2015

Antigen -> T

B
Rheuma-
faktor

progrediente
Knochendestruktion

IL6

IL6

IL6



ANicht-steroidale Antiphlogistika (NSAID, NSAR)
• analgetisch, antiphlogistisch
• verhindern strukturellen Schaden nicht

Glucocorticoide
• antientzündlich, „disease-modifying“

DMARDs („disease-modifying antirheumatic drugs“)
• hemmen die Entzündung
• hemmen das Fortschreiten der strukturellen Schäden

1. synthetische DMARDs 
a. konventionelle Pharmaka (meist unbekannter Mechanismus):

Methotrexat, Sulfasalazin, Leflunomid >> (Hydroxy)chloroquin, Gold
b. „targeted drugs“: Baricitinib, Tofacitinib (JAK-Inhibitoren)

2. biologische DMARDs
a. TNF-Inhibitoren (Adalimumab, Certolizumab, Etanercept, Golimumab, 

Infliximab)
b. Rituximab, Abatacept, Tocilizumab
c. Sarilumab

Antientzündliche/antirheumatische Pharmaka

Wirkeintritt:
• Stunden

• Tage-Wochen

• Wochen-Monate



A
Therapie der rheumatoiden Arthritis

Methotrexat + Prednisolon

Methotrexat + Leflunomid

Abatacept, Adalimumab, Cetuximab, Etanercept, 
Golimumab, Infliximab, Tocilizumab + Methotrexat

Abatacept, Rituximab, TNF-Hemmer + Methotrexat

3 Monate

oder Methotrexat + Sulfasalazin 
+ Hydroxychloroquin

2-3 Monate

bei hoher
Krankheits-
aktivität

nach: Krüger et al., Z Rheumatol 71: 592–603 (2012) 
S1-Leitlinie der DGRh zur sequenziellen medikamentösen Therapie der rheumatoiden Arthritis 

Beginn der Therapie

DMARD-Kombination

1. Biologikum

2. Biologikum



A
JAK-Signaltransduktion

Vannucchi, NEJM 363, 1180, 2010

Zytokine, z.B. IL6

Entzündung



A
Baricitinib (Olumiant®)

S seit 4/2017 
W hemmt Janus-Kinasen (selektiv für JAK1, JAK2)
NE Hypercholesterinämie, Atemwegsinfektionen, 

Virus-Reaktivierung (Herpes zoster, Herpes simplex)
KI Schwangerschaft, Neutropenie, Überempfindlichkeit

keine Impfung mit Lebendimpfstoffen, nicht bei Tuberkulose
IA keine Kombination mit anderen biologischen DMARDs 

(Immunsuppression)

TH mittelschwere bis schwere rheumatoide 
Arthritis, die auf DMARD nicht ausreichend
angesprochen haben
4 mg täglich p.o. (2 mg)



A
Tofacitinib (Xeljanz®)

S seit 5/2017
W hemmt Janus-Kinasen (v.a. JAK1, JAK3)
PK Abbau CYP3A4 >> 2C19 
NE Kopfschmerzen, Infektionen, Nasopharyngitis,

Durchfall, Übelkeit, Hypertonie, Hypercholesterinämie
KI cave: Kombination mit biolog. DMARDs, Immunsuppressiva

cave: Lebendimpfstoffe
IA cave: CYP3A4-Hemmer oder Induktoren

TH mittelschwere bis schwere rheumatoide 
Arthritis, die auf DMARD nicht ausreichend
angesprochen haben
5 mg 2x täglich p.o.



A
Salirumab (Kevzara®)

S seit 8/2017, humaner Antikörper
W blockiert Interleukin 6 (IL-6)-Rezeptoren
NE Infektionen (HIV, Tuberkulose, Pneumonie, Zellulitis),

Hypercholesterinämie, Neutropenie, erhöhte Leberenzyme 
KI schwere Infektionen
IA cave: Arzneimittel, die CYP3A4-abhängig metabolisiert werden

(erhöhtes IL-6 -> supprimiert CYP -> Anti-IL-6-Therapie -> Anstieg
von CYP -> vermehrter AM-Metabolismus, z.B. Kontrazeptiva)

TH mittelschwere bis schwere rheumatoide 
Arthritis, die auf DMARD nicht ausreichend
angesprochen haben
200 mg s.c. alle 2 Wochen

• Tocilizumab (RoActemra®) seit 2009 zugelassen (hemmt IL6-Rez.) 



A
Empfehlungen der Europäischen Rheumaliga (EULAR)

EULAR recommendations, Smolen JS, et al. Ann Rheum Dis 2017;0:1–18



A
Baricitinib vs. Adalimumab vs. Placebo

Taylor et al., N Engl J Med 2017;376:652-62

20% Besserung nach American College of Rheumatology

• 1307 Pat. mit aktiver rheumatoider Arthritis 
mit unzureichendem Ansprechen auf MTX

• Methotrexat-Therapie plus
• Baricitinib / Adalimub / Placebo (3:3:2)



A
Baricitinib vs. Adalimumab vs. Placebo

Taylor et al., N Engl J Med 2017;376:652-62

• 1307 Pat. mit aktiver rheumatoider Arthritis 
mit unzureichendem Ansprechen auf MTX

• Methotrexat-Therapie plus
• Baricitinib / Adalimub / Placebo (3:3:2)

Hemmung der Progression der Gelenkdestruktion (Röntgen)



A
Baricitinib – Nutzenbewertung bei rheumatoider Arthritis



A
Tofacitinib – Nutzenbewertung bei rheumatoider Arthritis

https://www.g-ba.de/downloads/39-261-3091/2017-10-19_AM-RL-XII_Tofacitinib_D-283_BAnz.pdf



A
Bewertung Baricitinib / Tofacitinib

Indikation: rheumatoide Arthritis bei unzureichendem Ansprechen auf 
krankheitsmodifizierende Antirheumatika

Vorteile: Nichtunterlegen vs. Adalimumab, orale Therapie

Nachteil: Zusatznutzen versus Adalimumab nicht belegt

DDD-Bruttokosten
Olumiant® 98 Tbl. 4 mg (DDD 4 mg)           4.994,19 €    18.601 €/Jahr
Xeljanz® 182 Tbl. 5 mg (DDD 10 mg)         4.641,56 €    18.617 €/Jahr

Humira® 6 Fertigpens 40 mg (DDD 2,9 mg)  5.231,36 €    23.072 €/Jahr
Enbrel® 12 Fertigpens 50 mg (DDD 7 mg)    5.231,36 €    23.072 €/Jahr
Benepali® 12 Fertigpens 50 mg (DDD 7 mg) 4.231,35 €    18.018 €/Jahr



A
Hepatitis C – Verlauf der Erkrankung

Deutsche Leberstiftung; Wikipedia; Schwabe, Paffrath, Arzneiverordnungs-Report 2017

Akute
Hepatitis C-
Virus-Infektion

80% chronische
Hepatitis C

20-30% 2-5%

weltweit ca. 180 Mio. 
Hepatitis C-Infizierte



A
Therapie der Hepatitis C

Seminar

www.thelancet.com   Vol 385   March 21, 2015 1125

Growth of HCV in tissue culture was not possible until 
the discovery of a specifi c strain of HCV genotype 2.22 
Culture of HCV has been used to identify a complex set 
of interactions with surface receptors, including CD81, 
SCARB1 (a scavenger receptor), and two tight junction 
proteins, OCLN and CLDN1.23 These models have 
enabled crucial insights to be made into viral replication 
and host–virus interactions.24 Electron microscopy has 
shown that mature virons have unusually irregular 
structures.25 Most importantly, the ability to analyse 
HCV replication in tissue culture, coupled with 
structural analysis of key proteins, such as the NS3 
protease and NS5B polymerase, has driven the 
development of novel specifi c DAAs.26–28

Immunology
Immune responses to HCV aff ect the outcome of acute 
disease and long-term disease progression. Acute 
responses to HCV include both innate and adaptive 
branches of the immune system. Polymorphisms in the 
region of the IFNL3 (also known as IL28B) gene strongly 
aff ect spontaneous resolution of infection.29 IFNL3 codes 
for interferon, lambda 3, which has sustained antiviral 
activity similar to that of interferon, but with a more 
restricted receptor distribution. Whether the identifi ed 
polymorphisms aff ect regulation of IFNL3 itself or 
whether they aff ect a nearby gene, IFNL4, is yet to be 
clarifi ed.30 Similarly, associations between genes in the 
KIR locus and acute resolution of infection suggest that 
natural killer cell responses have a role in viral control.31

Adaptive responses mediated by CD8 and CD4 T cells 
are also involved in acute host defence, and strong 
associations with HLA class II alleles are reported in 
many studies, including a well powered genome-wide 
association study.29 HLA class I associations have been 
identifi ed in single-source outbreaks.32 In chimpanzees, 
CD4 and CD8 T-cell responses are needed for full 
protection.33 Results of such studies have prompted 
development of T cell-based preventive vaccines: a 
regimen based on two recombinant vectors expressing 
HCV non-structural genes—a novel adenovirus construct, 
followed by a modifi ed vaccinia Ankara construct—is 
now in phase 2 clinical trials in the USA.34

B cell responses to HCV, which lead to generation of 
neutralising antibodies, have also been studied in detail.35 
The variability of regions such as the hypervariable 
regions of HCV E2 envelope protein within hosts is a 
result of antibody-driven immune selection. Nevertheless, 
broadly cross-reactive neutralising antibodies have been 
described,36 and further work to characterise these 
antibodies, especially in the context of the recently 
described HCV E2 crystal structure, might lead to 
development of antibody-based vaccines.37

Epidemiology
HCV is an established parenteral cause of viral hepatitis.38 
Transmission via blood transfusion was a major route 

before universal screening of blood in the developed 
world, but this transmission route is a problem 
elsewhere.39 Intravenous drug use, sharing of drug 
paraphernalia, and reuse of injection needles have 
become the major routes of HCV transmission.40,41

The natural history of HCV in pregnancy and in infants 
born to mothers with HCV is poorly understood, and 
thus eff ective methods for prevention of vertical 
transmission have not been developed. Mother-to-child 
transmission occurs in 2–8% of HCV monoinfected 
mothers, but might be more common in those co-infected 
with HIV.42,43 No randomised controlled trials have been 
done to inform recommendations on caesarean section 
in this setting.44 The effi  ciency by which HCV is sexually 
transmitted has been disputed; however, in monogamous 
heterosexual couples, transmission to a discordant 
partner is extremely rare.45

Since 2000, an epidemic of acute HCV infections has 
occurred in HIV-positive men who have sex with men 
(MSM).46 Transmission seems to be permucosal rather 
than parenteral, and is associated with sexual practices 
(fi sting and group sex) and intranasal and intrarectal 
drug use.47 Results of molecular epidemiological and 
phylogenetic studies in several European countries 
have identifi ed several transmission clusters in MSM 
networks.46,48,49 Up to 25% of MSM treated for HCV will 
become reinfected within 2 years, highlighting the need 
for eff ective sexual health education and preventive 
interventions targeted at this group.50 Moreover, natural 
immunity does not provide adequate protection against 
a subsequent infection.

HIV/HCV co-infection
HIV and HCV share routes of transmission, and 
therefore co-infection with both viruses is a common 
problem aff ecting an estimated 20–30% of the world’s 
34 million individuals with HIV.51 HCV-related liver 
disease has become a leading cause of morbidity and 

Figure 1: Changes in standard of care for HCV, and improvements in numbers of sustained virological responses
Data from references 9–12. PI=protease inhibitor.
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difficulties in establishing robust cell-based HCV repli-
cation systems and inspired by the success of protease 
inhibitors for the treatment of HIV infections, initial 
efforts focused on the protease NS3-4A. With the availa-
bility of recombinant NS5B polymerase31,32 and cell-based 
replication systems15, the HCV RdRp also became an 
attractive drug target. Finally, by using high-throughput  
screens in the replicon system (BOX 1), highly active 
inhibitors targeting NS5A have been developed. Below, 
we discuss these three major drug targets and briefly 
mention selected examples of DAAs. Readers who 
are interested in an up-to-date status of clinical trials 
and a comprehensive overview of continued and dis-
continued HCV-specific DAAs are referred to recent 
reviews (for example, REF. 33) or specialized websites 
such as the HCV Advocate’s News and Pipeline Blog, 
the National AIDS Treatment Advocacy Project and the  
HIV–HCV–TB Pipeline Report.

The protease NS3-4A. NS3 is a multifunctional protein 
in which the N-terminal ~180 amino acids, together 
with the cofactor NS4A, constitute the serine-type pro-
tease NS3-4A, and the carboxy-terminal region consti-
tutes a superfamily 2 DExH/D-box RNA helicase that 
also has NTPase activity34 (FIG. 3). Both activities are 
essential for HCV replication, but only the protease has 
been successfully pursued as a drug target. Development 
of inhibitors of the NS3 helicase has met with limited 
success, at least in part owing to the similarities between 
NS3 and cellular RNA helicases.

The NS3 protease region adopts a chymotrypsin-
like fold composed of two β-barrel subdomains sepa-
rated by a cleft containing the active site (comprising 
His57, Asp81 and Ser139) (FIG. 3b). The C-terminal sub-
domain of the NS3 protease is stabilized by a Zn2+ ion, 
whereas the N-terminal subdomain contributes seven 
strands to an eight-stranded β-barrel, with the eighth 

Figure 2 | The hepatitis C virus replication cycle. Following initial binding of the hepatitis C virus (HCV) particle to 
scavenger receptor class B member 1 (SRB1) and CD81, the particle engages in further interactions with the tight junction 
proteins claudin 1 (CLDN1) and occludin (OCLN) and finally enters cells by receptor-mediated endocytosis (step 1). The 
viral RNA genome is released into the cytoplasm and translated at the rough ER, giving rise to a polyprotein that is cleaved 
into mature proteins (step 2). Viral proteins, in conjunction with host cell factors, induce the formation of a membranous 
compartment (designated the membranous web (MW)) composed of single-, double- and multi-membraned vesicles as well 
as lipid droplets (LDs) (step 3). RNA replication occurs at an unspecified site within the membranous web and proceeds via  
a negative-sense copy ((–)RNA) that serves as a template for the production of excess amounts of positive-sense progeny 
RNAs ((+)RNA) (step 4). Assembly of HCV particles probably initiates in close proximity to the ER and lipid droplets, where 
core protein and viral RNA accumulate. The viral envelope is acquired by budding through the ER membrane in a process 
that is linked to lipoprotein synthesis (step 5). HCV particles are thought to be released via the constitutive secretory 
pathway (step 6). Viral and host cell factors that are targeted by inhibitors discussed in this Review are indicated in boxes. 
The steps of the replication cycle that are promoted by these factors are indicated. CYPA, cyclophilin A; PtdIns4KIIIα, 
phosphatidylinositol 4-kinase IIIα.
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Low-density and 
very-low-density 
lipoproteins
Lipoproteins that are made in 
the liver from triglycerides, 
cholesterol and apolipoproteins 
and are used to transport lipids 
in the blood.

Membranous web
Originally, a term describing a 
discrete accumulation of the 
membranous vesicles that have 
been detected in cells containing 
replicating hepatitis C virus 
(HCV) RNA. More recent studies 
have shown that this web is 
composed of single-, double- 
and multi-membraned vesicles, 
complex ER membrane 
rearrangements and lipid 
droplets. However, in most 
reports, the term is used as a 
synonym for the membranous 
HCV replication compartment, 
although firm proof of exactly 
where HCV RNA replication 
takes place is not available.

Cyclophilin A
A highly abundant protein  
that catalyses the cis–trans 
isomerization of peptide bonds 
at Pro residues and thus 
facilitates protein folding. 
Cyclophilin A binds to the 
immunosuppressive drug 
cyclosporin A and is involved in 
numerous biological processes.

miR-122
A short, non-coding RNA that 
is highly expressed in 
hepatocytes, where it regulates 
the translation and turnover of 
mRNAs involved in numerous 
activities, such as iron and 
cholesterol homeostasis. In 
addition, miR-122 was found 
to act as a tumour suppressor.

of the polyprotein is processed by the viral cysteine 
protease NS2-3 and the serine-type protease activity of 
the viral NS3–NS4A complex. HCV replicase proteins, 
presumably in concert with host cell factors, induce 
massive rearrangements of intracellular membranes, 
including the formation of double-membraned vesi-
cles23,24 (FIG. 2). These membranous structures manifest 
as vesicle clusters that are designated the membranous 
web and constitute the sites of HCV RNA replication25. 
RNA synthesis is catalysed by the viral RdRp activity of 
NS5B and supported by other viral NS proteins, as well 
as by host factors, including cyclophilin A (CYPA; also 
known as PPIase A) and the microRNA miR-122 (REF. 26). 
After synthesis of a negative-sense RNA intermediate, 
multiple positive-sense progeny RNAs are generated 

from this template and either used for RNA transla-
tion and replication or incorporated into virus particles. 
The latter process might initiate on the surface of lipid 
droplets that are targeted by the HCV core protein27. It 
is assumed that nucleocapsids form in close proximity 
to the ER membrane, where E1 and E2 accumulate in 
conjunction with p7, NS2 and, eventually, host cell fac-
tors14,16. The viral envelope is acquired by budding at the 
ER membrane, and this process appears to be linked to 
the VLDL machinery28. Virus particles are thought to be 
released via the secretory pathway29,30.

Primary targets for HCV-specific DAAs
In principle, every step of the HCV replication cycle is a 
potential target for antiviral therapy. However, owing to 

Figure 1 | Hepatitis C virus genome organization and the membrane topology of cleaved viral proteins. a | The 
single long hepatitis C virus (HCV) ORF encoding the polyprotein, and the predicted secondary structures of the flanking 
5′ and 3′ non-translated regions (NTRs). Start and stop codons of the ORF are indicated. The 5′ NTR contains an internal 
ribosome entry site (IRES). The structural core (C) protein and the two envelope glycoproteins (E1 and E2), together with  
p7 and NS2, are required for virus assembly (the so-called assembly module). The remainder of the non-structural proteins 
are required for RNA replication (the so-called replication module). Polyprotein cleavage by cellular signal peptidases is 
indicated by scissors at the corresponding ORF position. The cleavage removing the carboxy-terminal region of the  
core protein, mediated by cellular signal peptide peptidase, is indicated by an asterisk. Arrows refer to cleavage by the viral 
proteases. Ribosomes can initiate low-frequency translation of HCV RNA internally at codons within the core-coding region 
or can generate alternative proteins by ribosomal +1 frameshifting. The physiological relevance of these ‘minicore’ or 
‘core+1’ proteins (not shown) remains to be determined155. b | Membrane topologies and major functions of the HCV 
polyprotein cleavage products. Each protein is tethered to intracellular membranes by one or several transmembrane 
segments or, in the case of the core protein and NS5A, by amphipathic α-helices. NS3 is bound to membranes via a small 
α-helix and via the cofactor NS4A intercalating into the amino-terminal protease domain of NS3. Note that only NS5A is 
shown as a dimer, but most, if not all, HCV proteins form homo- or heterodimers (for example, the core protein and E1–E2, 
respectively) or oligomeric complexes (for example, p7).
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Sofosbuvir (Sovaldi®) 

S seit 2014, 400 mg Filmtabletten
W hemmt HCV NS5B RNA-Polymerase, Kettenabbruch
K Nukleotid-Prodrug, Esterspaltung etc. -> intrazelluläre

Phosphorylierung, t1/2 0,4 h, kein Abbau durch CYP
NE Bradykardie (mit Daclatasvir, Amiodaron)
KI AV-Block, Bradykardie, Schwangerschaft 
IA p-GP Substrat (cave Induktoren)
TH Hepatitis C in Kombination (immer Ribavirin)

1x 400 mg (mit einer Mahlzeit)/Tag
Therapiezyklus: 12 Wochen
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Wirksamkeit der Hepatitis C-Therapie

Ansprechrate 12 Wochen nach Therapieende (SVR12)

ABT-493 = Glecaprevir
ABT-530 = Pibrentasvir

Gane et ak., Gastroenterology 2016;151:651–659 
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Hepatitis C-Medikamente – aktuelle Preise

https://www.hepatitisandmore.de/hepatitis_c/medikamente/preis_uebersicht.shtml
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Hepatitis C-Medikamente – Verordnungen

Boceprevir
Telaprevir Sofosbuvir

Robert-Koch-Institut, Epidemiologisches Bulletin Nr. 30, 2017 
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2018 – "Das Jahr der Zellen"
Seit Januar 2018:
• Allogene, genetisch modifizierte T-Zellen 

(Zalmoxis®)
• Ind.: Hämatopoetische 

Stammzelltransplantation, Graft-versus-Host Disease (GvHD)
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2018 – "Das Jahr der Zellen"
Im EMA-Zulassungsverfahren (FDA 2017 zugelassen):

CAR-T-Zellen (chimeric antigen receptor)
• Axicabtagen ciloleucel (Yescarta™)

• Ind.:Non-Hodgkin-Lymphome
• Tisagenlecleucel (Kymriah™)

• Ind.: ALL und diffuse großzellige B-Zell-Lymphome

• Cave:
• Gefahr schwerer Nebenwirkungen – Zytokinsturm
• Kosten (KymirahTM 475.000 US$)


