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HCV DAAs and HTAs in clinical development

{ Tanrvar: 201 A\

NS3-4A protease inhibitors

1*wave, 1*%generation

Nucleoside/nucleotide
analogue RdRp inhibitors

Telaprevir (Janssen) — approved
Boceprevir (Merck) - approved

Sofosbuvir (Gilead) - a

VX-1 X) — partial chnical hold |

2Lwave, 1=%-generation

Faldaprevir (BI) — phase Il
Asunaprevir (BMS) - phase |l
ABT-450/r (Abbvie) - phase il

Vedroprevir (Gilead) - phase ||
IDX-320 (Idenix) -~ phase Il
Sovaprevir (Achillion) - clinical hold
Danoprevir/r (Roche) — phase I
Vaniprevir (Merck) — phase

27generation

MK-5172 (Merck) - phase Il
ACH-2684 (Achillion) — phase I

Simeprevir {Janssen) — approved

Non-nucleoside RdRp
inhibitors

Thumb-1

BMS-791325 (BMS) - phase Il
TMC-647055 (Janssen) — phase Il

Thumb-2

Lomibuvir (Vertex) - phase I
GS-9669 (Gilead) - phase |l

Palm-1
ABT-333 (Abbvie) — phase Il

ABT-072 (Abbvie) - phase Il
Setrobuvir (Roche) — phase Il

NS5A inhibitors
1%-generation

Daclatasvir (BMS) — phase Il
Ledipasvir (Gilead) - phase I
ABT-267 (Abbvie) - phase |l|
PP1-668 (Presidio) - phase Il
ACH-2928 (Achillion) - phase Il
GSK2336805 (GSK) — phase |l
BMS824393 (BMS) - phase |l
Samatasvir (Idenix) - phase Il

2*Lgeneration

MK-8742 (Merck) - phase |l
ACH-3102 (Achillion) — phase Il
GS-5816 (Gilead) - phase Il

Cyclophilin A inhibitors

Alisporivir (Novartis) — phase Il
SCY-835 (Scynexis) - phase |l

miR-122 antagonist

Miravirsen (Santaris) - phase Il

Pawlotsky JM. New Hepatitis C Virus (HCV) Drugs and the Hope for a Cure: Concepts in Anti-HCV Drug
Development. Semin Liver Dis. 2014 Feb;34(1):22-9..
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Milestones in Therapy of CHC:
Average SVR Rates from Clinical Trials

100 - + DAAS
Peg-IFN 2011
+ RBV 2001
80 Standard 1998 /70:%
IFN
nd 42%
> 39%
0 40 - " %
20
IFN 6m IFN 12m IFN/RBV 6m IFN/RBV 12 m . Peg-IFN 12m .Peg-IFN/RBV 12m.Peg-|FN/RBV/DAA

Adapted from US Food and Drug Administration, Antiviral Drugs Advisory Committee Meeting, April 27-28, 2011, Silver Spring MD.
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Changing HCV treatment landscape

Pl

PEG-IFN + RBV

1
1
1
1
1
1
- i
1
'
i
1

Treatment complexity ©_,»* o PEG R DM%
1 DAA
' combination
[T >
] ] | ] ] |
2010 201 2012 2013 2014 2015
PEG-IFN = pegylated interferon. RBV = ribavirin. DAA = direct-acting antiviral. *

Dore G. The changing therapeutic landscape for hepatitis C. ] Med J Aust. 2012 Jun 4;196(10):629-32.
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Hepatitis C dlrect-actmg antnvnral (DAA) agents

Boceprevir (BOC) and Telaprevir (TVR) represent a new era of therapy, as they
are the first commercially available hepatitis C direct-acting antiviral (DAA)
agents, which directly inhibit viral replication.

In clinical trials of HCV genotype 1-infected patients receiving PeglFN and RBYV,
combined with BOC or TVR, SVR was achieved in 63-75% of treatment-naive
patients, in 69-88% of PeglFN and RBV relapsers, and in up to 33% of PeglFN
and RBV nonresponders.

Triple therapy is associated with more side effects and requires closer patient
follow-up than treatment with PeglFN and RBV alone.

Increased hematological toxicity from triple therapy may lead to increased
utilization of growth factors, which will further strain medical resources in
healthcare systems.

Additionally, BOC and TVR carry the risk of inducing HCV resistance mutations,
and it is likely that cross-resistance to future generations of Pls will develop in
some patients who do not achieve SVR.
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Boceprevir and Telaprevir Clinical Trlals

* Boceprevir plus peglFN/RBV
« SPRINT-2: treatment-naive patients[1]
« RESPOND-2: treatment-experienced patients|2]

» Telaprevir plus peglFN/RBV
« ADVANCE: treatment-naive patients|3]
* ILLUMINATE: treatment-naive patients[4]
 REALIZE: treatment-experienced patients[5]

[1] Poordad F, et al. N Engl ] Med. 2011;364:1195-1206.

[2] Bacon BR, et al. N Engl J Med. 2011;364:1207-1217.

[3] Jacobson IM, et al. N Engl ) Med. 2011;364:2405-2416.

[4] Sherman KE, et al. N Engl ] Med. 2011 Sep 15;365:1014-24.
[5] Zeuzem S, et al. N EnglJ Med. 2011;364:2417-2428.
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BoceprevnrlTelaprevnr in Combination wuth PEG-
IFN/RBV: Limitations of Current Therapy

« Telaprevir and boceprevir only approved for Genotype 1
 Interferon backbone required

« TID dosing for telaprevir/boceprevir
* Response guided therapy (both) and lead-in (boceprevir) complicated
« 24-48 week treatment

« Limited efficacy in difficult to cure patients (e.g., patients with cirrhosis,
prior null responders, African-Americans)

« Hematologic (both) and rash/dermatological (telaprevir) adverse events:
(management plan)

« Drug-drug interactions
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Boceprevir-Related Adverse Events in Clinical
Trials
* Most notable adverse events occurring more frequently with

boceprevir plus peglFN/RBV vs peglFN/RBV alone
- Anemia, neutropenia, and dysgeusia

Treatment-naive patients (n=1225) (n = 467)
= Anemia* 50 30
= Neutropenia 25 19
= Dysgeusia 35 16
Treatment-experienced patients (n = 323) (n =80)
= Anemia 45 20
= Dysgeusia 44 11

*Anemia was managed with RBV reduction and/or epoetin alfa
(43% of BOC + PR and 24% of PR).
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Boceprevir-Related Adverse Events in Clinical

ADVERSE PREVIOUSLY UNTREATED PREVIOUS TREATMENT ADVERSE PREVIOUSLY UNTREATED PREVIOUS TREATMENT
EVENTS {SPRINT-1 AND SPRINT-2) FAILURES (RESPOND-2) EVENTS {SPRINT-1 AND SPRINT-2) FAILURES (RESPOND-2)

BODY VICTRELIS + | PEGINTRON | VICTRELIS+ | PEGINTRON BODY VICTRELIS + | PEGINTRON | VICTRELIS+ | PEGINTRON
SYSTEM | PEGINTRON+ | +REBETOL | PEGINTRON+ | +REBETOL SYSTEM | PEGINTRON+ | +REBETOL | PEGINTRON+ | +REBETOL
ORGAN REBETOL (N=46T) REBETOL (N=80) ORGAN REBETOL (N=46T) REBETOL (N=80)
CLASS (N=1225) (N=323) CLASS (N=1225) (N=323)

Median 197 216 253 104 Metabolism and Nutrition Disorders

Exposure Decreased 25 24 26 16

(days) Appetite

Blood and Lymphatic System Disorders Musculoskeletal and Connective Tissue Disorders

Anemia 50 30 43 20 Arthralgia 19 19 23 16

Meutropenia 23 19 14 10 Nervous System Disorders

Gastrointestinal Disorders

Dizziness 19 16 16 10
Nausea 48 42 43 3 Psychiatric Disorders
Dysgeusia ® 18 44 T Insomnia 34 34 30 24
Diarhea 2 2 24 16 Irritability 22 23 21 13
Vomiting 20 13 19 8 Respiratory, Thoracic, and Mediastinal Disorders
Dry Mouth 1 10 15 9 Dyspnea 5 5 ” 5
General Disorders and Administration Site Conditions Exertional
Fatigue 53 59 55 A0 Skin and Subcutaneous Tissue Disorders
Chills 24 29 33 a0 Alopecia 27 27 22 16
Asthenia 15 18 21 16 Dy SKin 18 18 22 9

Rash 17 19 16 G
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Boceprevir—ReIated Adverse Events in Clinical
Trials

S‘ HEMATOLOGICAL PREVIOUSLY UNTREATED PREVIOUS TREATMENT s
PARAMETERS {SPRINT-1 AND SPRINT-2) FAILURES (RESPOND-2)

VICTRELIS + | PEGINTRON | VICTRELIS + | PEGINTRON
PEGINTRON | + REBETOL | PEGINTRON | + REBETOL

+REBETOL +REBETOL {N=80)
(N=1225) (N=323)
Hemaoglobin {g/dL)
<10 49 29 49 25
=85 6 3 10 1

Neutrophils (x 10°/L)

<075 31 18 26 13
<05 8 4 7 4
Platelets (x 10°1)

=80 3 1 4 0

=25 =<1 0 0 0
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Telaprevir-Related Adverse Events in Clinical

Trials
* Most notable adverse events occurring more frequently with telaprevir vs

peglFN/RBV alone
* Rash, anemia, and anorectal symptoms

Rash 56 34
Anemia* 36 17
Anorectal symptoms 29 7

*Anemia was managed with RBV reduction and/or epoetin alfa
(43% of BOC + PR and 24% of PR).

* In most subjects, rash was mild to moderate

v Severe rash in 4%; discontinuation due to rash in 6% of subjects

* Occurred early, usually first 4 wks, but can occur at any time during TVR
exposure

« < 1% had SJS or DRESS (11 cases DRESS and 3 cases SJS)
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Sofosbuvir—Related Adverse Events in Clinical

Trials
e Fatigue (59%), headache (36%), nausea (34%) and insomnia (25%).

* 20% of patients developed a hemoglobin level of <10 g/dL and 2% developed
a hemoglobin level of <8.5 g/dL.

* Neutropenia developed in approximately 20% of cases and
thrombocytopenia in <1% of cases.

Simeprevir-Related Adverse Events in Clinical

* Photosensitivity (28%), pruritu;rQZ@a;,Snausea (22%), dyspnea (12%), and
hyperbilirubinemia (49%).
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Classe Terapeutica Decessi Gravi Non Gravi Non Indicato Totale Perc
ANTIVIRALI PER IL
JOSAR  TRATTAMENTO DELLE 0 29 128 0 157 (13.9%)

INFEZIONI DA HIV, ASSOC.
Nucleosidi e nucleotidi escl.

JOSAB  inibitoridella transcriptasi 3 217 315 10 545 (48.2%)
inversa

JOSAE |Inibitoridella proteasi 2 188 333 8 531 (47%)

JO5AG _Imbltorl della transcr_lp_ta5| 0 26 109 1 136 (12%)
inversa, non nucleosidi

JOSAF _Inlbltorl della transcriptasi 1 24 53 1 79 (7%)
inversa, nucleosidi

JOSAX  Altri antivirali 0 8 21 2 31 (2.7%)

JOSAD Derivati dell'acido fosfonico 1 0 3 0 < (0.4%)

TOTALE 6 366 739 19 1130
100%

(0.5%) (32.4%) (65.4%) (1.7%)
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RETE NAZIONALE DI FARMACOVIGILANZA

P.A. Sospetti Decessi Gravi Non Gravi Non Indicato  Totale Perc
DARUNAVIR 0 S 29 0 38 (7.2%)
RITONAVIR 0 17 38 1 56 (10.5%)
ATAZANAVIR SOLFATO 0 25 41 2 68 (12.8%)
BOCEPREVIR 1 42 74 3 120 (22.6%)
LOPINAVIR/RITONAVIR 0 2 17 0 19 (3.6%)
TELAPREVIR 1 105 163 3 272 (51.2%)
FOSAMPRENAVIR 0 2 3 0 5 (0.9%)

TOTALE 2 188 333 8
531 100%

(0.4%) (35.4%) (62.7%) (1.5%)
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oceprevnr-Related Adverse Events:
Management of Anemia

 In clinical trials, anemia 100 - 78
managed with RBV dose
reduction and/or erythropoietin

v 43% of boceprevir-treated
patients took erythropoietin

v" 3% required blood transfusion

« SVR rates with boceprevir
higher among anemic vs

nonanemic patients 109/153 95/129
v RBV dose reduction does not Bothn RBV  EPO Neither
impair boceprevir efficacy DR

Sulkowski M, et al. (SPRINT-2), Hepatology,
2013.



Q"'

Y . :
0
% vanm d| DIO e Ruggu d’Ata 6

l\“ e kn‘

Telaprevir-Related Adverse Events:

Management of Anemia

In clinical trials, erythropoietin
use was prohibited; anemia
managed through RBV dose
reduction

v Among anemic patients
(Hg < 10 g/dL), more blood
transfusions required in telaprevir
(12%) vs control (5%) arm

Neither anemia nor RBV dose
modification associated with
lower SVR in telaprevir-treated
patients

v" Lower SVR rates with both in
peglFN/RBV-treated patients

SVR (%)

SVR (%)

100

80 -

60 -

BTi12PR EPR
Hg < 10 g/dL Hg =10 g/dL
74 73

267/ | 46/ 384/ 108/
361 @ 92 524 | 262

RBV Dose No RBV Dose

Reduction Reduction
/6 72

243/ = 37/
320 = 69

408/ 117/
565 | 285
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Boceprevir/Telaprevir-Related Adverse Events:
Management of Anemia

RBV dose recommendation

Table 5. General guidelines for PeglFN-RBV dose reduction or

discontinuation (32,33,57,58) Hb
PegIFN dose recommendation? <11.0, No change in RBY dose if patient has minimal
but =10 g/dI symptoms
WBC In a symptomatic patient, consider RBV dose reduction
<1.5x10%/ PeglFN alfa-2b: reduce dose to 1 mcg/kg per week, <10.0, Decrease RBV, consider starting an erythropoietic
then to 0.5 mcg/kg per week if needed but >8.5 g/dl growth factor
In patients with a cardiac history, reduce RBVY dose and
<1.0x10%1 Discontinue PeglFN alfa-2b until resolution reduce PeglFN alfa-2b dose by 50%
ANC® <8.5 g/l Discontinue RBV until resolution
<0.75x10% PeglFN alfa-Z2a: reduce dose to 135 mcg per week If RBV is stopped for 27 days or discontinued in

patients who are concomitantly receiving BOC or TVR,

PeglFN alfa-2b: reduce dose to 1 k k
egt N ata reduce dose to 1 mcg/kg per week, then BOC or TVR must be permanently discontinued

then to 0.5 mcg/kg per week if needed

0.50%10% Di ti Pesl|EN until luti ANC, absolute neutrophil count; BOC, boceprevir; GCSF, granulocyte colony-
< ~ 'scontinue Feg Hnit resaiution stimulating factor; Hb, hemoglobin; HCV, hepatitis C virus; PeglFN, peginter-
Platelets® feron; RBV, ribavirin; TVR, telaprevir; WBC, white blood cell counts.

*Manufacturer package insert recommendations.

&|f dose is maintained outside of manufacturer recommendations, monitor
ANC more frequently, and counsel patient on neutropenic precautions. In
post-liver transplantation or HIV/HCV-coinfected patients who remain neutro-
<25 k/mm? Discontinue PeglFN until resolution penic despite dose reduction, consider starting GCSF until resolution.

“If dose is maintained outside of manufacturer recommendations, monitor
platelet counts, and signs or symptoms of unusual bleeding or bruising

more frequently.

<50 k/mm? PeglFN alfa-Za: reduce dose to 80 mcg per week
PeglFN alfa-2b: reduce dose to 1 mcg/kg per week,
then to 0.5 mcg/kg per week if needed

Yee HS et al. Update on the management and treatment of hepatitis C virus infection: recommendations from the Department of Veterans
Affairs Hepatitis C Resource Center Program and the National Hepatitis C Program Office. Am ) Gastroenterol. 2012 May;107(5):669-89.
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Boceprewrl'l' elaprevnr-Related Adverse Events:
Management of Anemia

Ribavirin dose reduction
Erythropoietin alpha (EPO)
* Peg-INF reduction

Pl discontinuation

NEVER REDUCE THE DOSE OF PROTEASE INHIBITOR
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Telaprevur-Related Adverse Events:
Management of Rash

« Telaprevir-related rash
* Primarily eczematous

« Resolves with discontinuation of therapy

« Typically observed within first 4 wks of treatment but can occur at
any time during therapy

Grade 1 Mild, localized skin eruption
Grade 2 Diffuse skin eruption involving < 50% of body surface area

Severe, generalized skin eruption involving > 50% of body
Grade 3 : : O
surface area, or rash with substantial systemic signs/symptoms
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Telaprevir-Related Adverse Events:
Percentage of Patients with Rash

50
HT8/PR24 or 48
40 37 HT12/PR24 or 48
;\; HPR48
»n 30 -
=
20
n“_’ 20 -
10 A

Rash Severe (Grade 3) Rash

Jacobson IM, et. al. N Engl J Med. 2011;364:2405-16.
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TeIaprevur-ReIated Adverse Events:
Mild Rash Identification and Management

f
Mild Rash

Ineges we for illsstatve purposes anly,

Assessment

* Localized rash and/or a rash with
limited distribution

» With or without associated pruritus

Management

Continue all drugs

* Monitor for signe of prograssion or
development of systemic symptoms

* INCIVEK dose should not be raduced or
interrupted

= Consider good skin care practices

» Consider oral antihistamines (sedating
and/or non-sedating’)

* Consider topical corticosteroids (systemic
corticesteroids are not recommended)

If progression or systemic
symptoms are observed, re-assess
severity and proceed accordingly

i
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TeIaprevir-ReIated Adverse Events:
Moderate Rash Identification and Management

-
Moderate Rash

Assessment
* Diffuse rash

* With or without superficial skin
paeling, pruritus, or mucous mambrane
involvement with no ulceration

Management

Continue all drugs

* Monitor for signs of prograssion or
davelopment of systamic symptoms

* INCIVEK dose should not be reduced or
intermuptod

* Consider good ekin care practices

« Consider oral antilistamines (sedating
and/or non-sedating’)

* Consider lopical corticosteroids (systamic
corticosleroids are not tecommended)

If progression or systemic
symptoms are observed, re-assess
severity and proceed accordingly

agion wre 1od (Nant i ive purposds onky

.

W oamchaling wrbitvatameome wiw prosedibod slvive pabnts of apprapisle prasadtions (e avod operating heavy mechemry, sl
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Telaprevir-Related Adverse Events:
Severe Rash ldentification and Management

3

(
Severe Rash

bniaggom w00 (Dantrnive purposes only

Assessment
* Generalized rash with or without pruritus
OR

* Rash with vesicles, bullag, or ulcerations
(other than SJS)

Management

Discontinue INCIVEK
May continue Peg-IFN-RBV
* Clasely menttor for signs of progression

* It rash does not improve within 7 days of INCIVEK
discontinuation (or earlier if worsening rash),
conslder Interruption or discontinuation of RBV
and/or PegIFN

* Earlior nterruption er discontinuation of RBY andior
PoglFN/RBY may be naaded f madically ndicated

* Congider utiity of good skin care practices

* Considor oral anthistarmnes (sedating andior
nen-sedeting)

« Consider topcal oortreestorods (aystami corticostoraids
are not recornmenchd)

« INCIVEK must net ba restarted alter ducontnuation

* Conaidor darmatolegy consult

If systemic symptoms develop, see
Serious Skin Reaction management 2

T sachaling artibvadami nion are pruseribart acduiss netents of appmptals precastiong (eg svned nparsbag Moy marseary el

Pag PN = paginistieron alfs, REV » rbwim
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Telaprevur-Related Adverse Events:
Good Skin Care for Telaprevir-Associated Rash

* Apply skin moisturizers at least twice a day

* Avoid perfumes and other scented skin care products
» Use hypoallergenic products

* Keep hydrated

* Wear loose-fitted clothing

» Avoid scratching

* Use unscented and mild laundry detergent

« Avoid using dryer sheets with clothes in dryer

« Limit sun exposure and use sun screen when out in sun
* Avoid hot showers and hot baths

« Consider using a nonsoap cleanser

* Apply skin moisturizers after bathing (before drying off)

Source: Vertex Pharmaceuticals
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Telaprevir-Related Adverse Events:

Treatment and prophylactic measures for rash

PROPHYLACTIC MEASURES

Limit exposure to sun/heat
Use sunscreen (SPF 15 or more)
Wear light clothes, preferably cotton

Bathing with moisturizing soap

TREATMENT

Emollient creams, rather than lotions or ocintments, may be effective for relieving
eczematous reactions

Systemic antihistamine drugs (desloratadine 5mg/day) may be used for the
treatment of pruritus.

Rash can primarily be treated with topical corticosteroids (dexametasone or 1%
clobetazol)

Calamine and Pramoxine HCI (Caladryl #)

Telaprevir [package insert]. May 2011.
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Telaprevir-Related Adverse Events:
SCAR (Severe Cutaneous Adverse Reactions)

SCAR

encompasses
several

conditions

Acute generalized Toxic epidermal necrolysis
exanthematous pustulosis (TEN) and Stevens-Johnson

(AGEP) and Erythema Syndrome (SJS)
Multiforme Major (EMM)

3 cases suggestive of SJS*

[of which 1 case considered not related to telaprevir,
onset 11 weeks after telaprevir discontinuation)

11 cases suggestive of DRESS*

IMNCIW D (telaprevir) EU SmPC
*In placebo-controlled Phase 11510 trials, 0.4% of patients had suspected DRESS; http-hwww fda.govidownloads/AdvisoryCommitteesiCommittees/Mesating
in telaprevir clinical experience, less than 0.1% of patients had 515 Materials/Drugs/AntiviralDrugsAdvisory Committee/UCM252582 pdf
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Telaprevir-Related Adverse Events:
SCAR (Severe Cutaneous Adverse Reactions)

When suspect DRESS *

*DRESS: Drug Reaction (or rash) with Eosinophilia and Systemic Symptoms.

*  Warning Signs:
Beggining between 6-10 weeks after 1st. dose
Rash progresses fast
Prolonged fever (> 38.5 ° ()
Facial edema /--‘ —
/" What to do? \

=  Check confirmatory signs
Enlarged lymph nodes (at least 2 locations)
Eosinophilia (= 700/p.L or = 10%)
atypical lymphocytes
Involves other organs
Liver: ALT = 2x ULN FA
Kidney: creatinine = 150% of baseline

= [If confirmed:
Stopped all drugs ‘

Hospitalize the patient

\ Consult with a dermatologist /

Cacoub P, et al. J Hepatol 2012;56:455-463
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Telaprevir-Related Adverse Events:
SCAR (Severe Cutaneous Adverse Reactions)

When suspected SJS / TEN *

*SJS: Stevens Johnson Syndrom / *TEN: toxic epidermic necrosis

Rash rapidly progressive

Cutaneous pain

Involvement of mucous membranes (= 2 sites)
Blistering or peeling of the epidermis

Target lesions (typical / atypical)

-
' What to do? b

= Stopped all drugs

= Hospitalize the patient

\' Consult with a dermatologist

Cacoub P, et al. J Hepatol 2012;56:455-463



————

\ 4 Q"&\‘; v b 4 A 4 A
: n|oy.an_n| di Dio'e Ruggi ’A}agén SAlETHo ‘3

-t s

l'-;‘ ﬁ*ﬂ i":‘ﬁ £ /\ s o ﬂl' ’?

Telaprevir-Related Adverse Events:
Anorectal Symptoms

* Anal pruritus, anorectal discomfort , hemorrhoids or rectal
burning

Usually beginning in the first 2 weeks of treatment

— Mechanism unknown

Telaprevir primarily excreted in feces
Without specific rectal findings
Unrelated rash or itchy skin

— Treatment

Check for Diet

Hygiene anal - douche with water
Fiber, loperamide, hydrocortisone, and pramoxine topical cream
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Effect of Dietary Fat on Serum Levels of
Telaprevir

B
o
o

w
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m High Fat (56)
M Low Fat (3,6g)

N
o
o

7%

[y
o
Qo

Increase in serum levels (%)

INCREASE COMPARED TO FASTING



% %m‘:h Dio e Ru ggi d’Afa 6qsﬁn6 £

/4\ \~ e Aﬂ‘

Panel Recommendations: Managing Adverse
Events With Pl-Based Therapy

Modest RBV dose reduction is a good approach for managing anemia
v" Some clinicians may choose to use erythropoietin
Preventing blood transfusion is a primary goal of anemia management
Anemia management is critical for avoiding discontinuation of the Pl
v" Once a Pl has been stopped, it should not be restarted
v Pls cannot be dose reduced

Patients should be educated prior to treatment initiation regarding the signs and
symptoms so rash can be quickly identified and managed

v' Topical steroids and antihistamines are primary management; systemic steroids
should be avoided

Practices should use a “go-to” dermatologist for identification and management
of telaprevir-associated rash

Suggestions for anorectal symptom management include administration of any
of the following: fiber, loperamide, hydrocortisone, or pramoxine topical cream



Drug-Drug Interactlons
Boceprevir

- Potential for Boceprevir to Affect Other Medications
v Boceprevir is strong inhibitor of CYP3A4/5 enzyme
v Boceprevir is potential inhibitor of p-glycoprotein (P-gp)

« Potential for Other Medications to Affect Boceprevir
v Boceprevir primarily metabolized by aldo-ketoreductase (AKR)
v' Boceprevir may be co-administered with aldo-ketoreductase
Inhibitors
v Partially metabolized by CYP3A4/5
v Potential for interactions with drugs that inhibit or reduce CYP3A4/5
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Drug-Drug Interactions
Boceprevir

Boceprevir and Interactions with HIV Antiretroviral Medications

Medication

efavirenz

HIV NNRTIs:

Effect on Boceprevir or
Concomitant Drug

| Boceprevir

Recommendation

Plasma trough concentrations of
boceprevir were decreased when
boceprevir was coadministered with
efavirenz, which may result in loss of
therapeutic effect. Avoid combination

HIV Pls:
ritonavir

| Boceprevir
1 or | HIV protease
inhibitors

Boceprevir concentrations decreased
with ritonavir; the effect of ritonavir-
boosted HIV protease inhibitors on
boceprevir exposure is unknown. The
effect of boceprevir on HIV protease
inhibitor concentrations is unknown.




y - 7 Y Y > - ; #
aniGiovanni di Dio e Ruggi ’Afagé Sa ern'o i el

)

s AN E N
Drug-Drug Interactions Pls

HCV Pls are CYP3A4 inhibitors

— ~ One half of FDA-approved drugs are metabolized by
CYP3A4

Until the drug is specifically studied, magnitude of the impact of
Pl on its level is not known

HCV Pl metabolism differs

— Boceprevir: primarily aldo-ketoreductase and partially
CYP3A4/5

— Telaprevir: CYP3A4

Exercise caution with ALL coadministered medications
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Drug-Drug Interactions

Several drugs contraindicated; many more require dose
adjustment or caution (studies of drug—drug interactions
Incomplete

Drug Class Contraindicated With BOCI!! Contraindicated With TVR

Alpha 1-adrenoreceptor antagonist Alfuzosin Alfuzosin

Anticonvulsants Carbamazepine, phenobarbital, phenytoin N/A

Antimycobacterials Rifampin Rifampin

Ergot derivatives Dihydroergotamine, ergonovine, ergotamine, Dihydroergotamine, ergonovine, ergotamine,
methylergonovine methylergonovine

GI motility agents Cisapride Cisapride

Herbal products Hypericum perforatum (St John’s wort) Hypericum perforatum

HMG CoA reductase inhibitors Lovastatin, simvastatin Lovastatin, simvastatin

Oral contraceptives Drospirenone N/A

Neuroleptic Pimozide Pimozide

PDES inhibitor Sildenafil or tadalafil when used for tx of pulmonary  Sildenafil or tadalafil when used for tx of pulmonary
arterial hypertension arterial hypertension

Sedatives/hypnotics Triazolam; orally administered midazolam Orally administered midazolam, triazolam

1. Boceprevir [package insert]. November 2012. 2. Telaprevir [package insert]. October 2012.
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Drug-Drug Interactions

TABLE 1. Drugs Absolutely Contraindicated With the Prescription of
Telaprevir or Boceprevir Because of Potentially Serious Adverse Events

Potentially Serious
or Life-Threatening

Drug Class Examples Adverse Events
CYP3A substrates/inhibitors
Alpha-1-adrenorece ptor Alfuzosin Hypotension, dizziness
antagonists
Ergot derivatives Dihydroergotamine Peripheral vasospasm
Ergonovine or ischemia
Ergotamine
Methylergonovine
Gastrointestinal motility Cisapride Cardiac arrhythmia,
agents QT prolongation
J-Hydroxy-3-methyl- Atorvastatin™ Myopathy,
glutaryl-coenzyme Lovastatin rhabdomyolysis
A reductase inhibitors Simvastatin
(statins)
Meuroleptics Pimozide Cardiac arrhythmia
Cral contraceptives”® Drospirenons Hyperkalemia
Fhosphodiesterase type Sild enafil Visual abnormalities,
5 enzyme inhibitors? Tadalafil hypotension,
prolonged erection.
syncope
Sedatives Midazolam Prolonged sedation,
Triazolam respiratory

de pression
CYP3A inducers

Anticonvulsants™ Carbamazepine Reduced DAA levels
FPhenobarbital with potentially
Phenytoin reduced antiviral

Antimycobacterials Rifampin efficacy and

Herbal products St. John's wort increased drug

resistance

The information in this table was obtained from package inserts for

- - B O
boceprevir and telaprevir (February 2012). *Far telaprevir only.

'For boceprevir only.

Rangnekar and Fontanz Climical Liver Disease 2012
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Drug-Drug Interactions

TABLE 2. Selected Drugs That Should Be Used With Caution in
Subjects Receiving Boceprevir or Telaprevir Bacause of Altered

Metabolism

Dirug Class

Examples

Potential |mpact

CYP3A substrates
Antiarrbythrmics

Antideprassants
Antideprassants

Arole antifungals

Antigout agents
Calcium channel
blockers

Corticosteroids

HIv protease inhibitors®

HIW reverse transcriptase

inhibitors

Horrmonal contraceptives

IMmMmunNnosupprassants

Inhaled beta-agonists
Macrolide antibiotics

CYP3A inducers
HIv protease inhibitors®

HIV reverse transcriptase

inhibitors
Narcotic analgesics
Sedatives

Armmiodarons
Digoxin
Lidocaine
Quinidine
Escitalopram ™

Desipraming
Trazodone
Itraconazole
Ketoconazole
Fosaconazole
Colchicins
Amlodipine
Diltiazerm
MNifedipine
Verapamil
Budesonide
Fluticasonea
Methylprednisolone
Frednisone
Atazanawvir

Tenofowir

Ethinyl estradiol
Cyclos porine
Sirolimus
Tacrolimus
Salmetarol
Clarithromycin
Ervthromycin
Telithrormycin

Atazanawvir
Darunavir
Fosarmprenawvir
Lopinawvir
Efavirenz

Methadona
Zol pidem

INncreasaed arrbythrmia

Decreased aefficacy
of antidepressant
Increased sedation,
dry mouth
Increased vomiting,
diarrbhea. hyvpertension

INncreasaed diarrhaa
Increased hypotension,
bradycardia

Increased hyperglvoemia,
osteoporosis. INnsomnia,
acne

Increased vomiting.
diarrbhea
Increased nephrotoxicity

Decreased efficacy
Increased nephrotoxicity,
hyperten sion,
neurctoxicity
Increasaed tachycardia
Increased diarrhea .
QT prolongation

Reduced DAA levels
with potentially
reduceaed antiviral
efficacy and increased
drug resistance
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Drug-Drug Interactions

TABLE 3. Drugs That Can Alter Serum Boceprevir and Telaprevir Levels

Drug Class Examples Impact on DAA Lewel Potertial Manifestation of Alterad DAR Metabalism
CYP 3A substrates
Azle antifungals Itraconazole Increass ncrezsed number of adverse avents such as rash, myeloloxicity,
Ketoconazole and gastrointestinal side effects (telaprevr)
Posaconazole or anemia and dysgeusia (boceprevir)
Woriconazole
HV protease Atazanar Increase
inhitators Darunavir
Fosamprenavie
Lopinavi
CYP3A inducers
Anficonvulsants Carbamazepine Decrease Decreased antiviral efficacy with potential increase in
Phenobarbital drug-resistant vaniants
Phenytom
Antimycobacienals Rifabutin [ecrease
Corticosteroids Dexamethasane Decrease
HIV reverse-ranscripase inhibitors Efavirenz Decrease
HIV protease inhibitors* Atazanar Decrease
Darunavir
Fosamprenavir
Lopinavir

The information in this table was obtained from package inserts for boceprevir and telaprevir (February 2012)%
*When coadministered with ritonavir.
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Meeting Report - EASL, London, 2014

ASSOCIATED SITES

Access our comprehensive, user-friendly, “”, b7
free, drug interaction charts

Meeting Report - 2014 CROI, Boston

Drug Interactions - Boceprevir or
telaprevir with maraviroc.

Meeting Report - HEP DART, 2013

FDA & EMA News - Simeprevir and
Sofosbuvir

(,) www.hiv-druginteractions.org
A comprehensive HIV drug-drug interaction
resource, freely available to healthcare workers,
patients and researchers. The site is also
e — available in a low graphics version - www.hiv-
druginteractionslite.org.

Case Report - Boceprevir and -1 Providing clinically useful, reliable,

Zgre?lglzrl%lec R : up-to-date, evidence-based information / BRITISH SOCIETY FOR
S . $2 NANOMEDICINE
Click here for previous news items G - ’ -
Website of the British Society of Nanomedicine
SITE UPDATES with sections for scientists, the general public
TELAPREVIR INTERACTION QUERY SERVICE and teachers.
Sofosbuvir - - -
Telaprevir Interaction Query Service EXTERNAL LINKS
Sofosbuvir, the recently approved directly R -
acting antiviral for HCV, has been added to A service for healthcare professional for queries relating to [y \7/|r‘a‘l H?.patltfs Qqqgress
the intera... A drug-drug interactions with telaprevir which the hospital g e e
pe— - & \ pharmacy or medicines information unit are unable to answer. 3rd World Congrees on Gonfroversies inthe
A few more comedications To see what other people have asked orto submit a question, Iu'Ianage:'lentiof\Flral Hepatitis (C-Hep)
click here. o S
e e

The following comedications have been
added to the web and app versions of the
interaction chars...

CLINICAL PHARMACOLOGY OF HIV & HEPATITIS THERAPY WORKSHOP . .
—Liver foundaten (3erman Liver Foundation

15th International Workshop on Clinical

=inels ~ Pharmacology of HIV & Hepatitis Therapy
titis, washington DC, 19-21 May 2014

|
Leberstiftung Deutschen Leberstifiung

Further Comedications Added

Mew comedications have been added to
the interaction charts which takes the total ® . ; ; - . FOLLOW US ON TWITTER
. Deadline dates are approaching for this workshop: —
number of comedica... Late Registration - 1 May. For the latest additions and updates to
S>Mmore thhe site, clﬁkthe but_lronio follow
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Drug-Drug Interactions

http://reference.medscape.com/drug-interactionchecker

MeClscape Q_ Search Reference

Today News Reference Education Register Log In

@ Drug Interaction Checker

ADUERTISEMENT

Enter a drug, OTC or herbal supplement: 154 Print Fast answers at the point of-care

‘ | ’ Current. Comprehensive. Free.

SEARCH NOW »

¥~ Drugs 4., Interaction Checker

A}&\ Diseases DDx Generator

Drug Interaction Checker
/# Procedures Calculators

» Use the search field above to look up prescription or

OTC drugs, and herbal supplements Med )

» Add a full drug regimen and view interactions
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Effectiveness of Telaprevir or Boceprevir in Treatment-
experienced Patients with HCV Genotype 1 Infection and
Cirrhosis

Christophe Hezode, Helene Fontaine - Gastroenterology 2014
Background & Aims

We investigated the effectiveness of the protease inhibitors peginterferon and ribavirin in treatment-experienced patients
with hepatitis C virus (HCV) genotype 1 infection and cirrhosis.

Conclusions

Relatively high percentages of real-life, treatment-experienced, patients with HCV genotype 1 infection and cirrhosis
respond to the combination of peginterferon and ribavirin with telaprevir or boceprevir. However, side effects are
frequent and often severe side. Baseline levels of albumin and platelet counts can be used to guide treatment decisions.
ClinicalTrials.gov number, NCT01514830.
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Several Patlent Populatlons With Contmued
Need in Current Era

« Contraindication or poor tolerance to peglFN or RBV

- Safety and efficacy of boceprevir and telaprevir not fully established
v" Organ transplant recipients
v Patients with end-stage liver disease
v Patients with HIV and/or HBV coinfection
v Pediatric patients
- Patients with decompensated cirrhosis or moderate to severe hepatic
Impairment

« Although pegIFN/RBV effective for non—genotype 1, comes with all of
the issues related to the use of IFN

- Patients with poor IFN responsiveness
- Patients unable to adhere to complex, lengthy regimens

1. Boceprevir [package insert]. November 2012. 2. Telaprevir [package insert]. October 2012.
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Remaining challenges

« Unclear how to use in special patient populations with highest risk of
disease progression

* Need for defining stopping rules to prevent resistance emergence
* High compliance requirement

* Drug-drug interactions

* |In whom to start and in whom to wait



