Assessment of cardiac functions
before and after treatment of Egyptian
chronic hepatitis C patients using
directly acting antivirals

Thesis
Submitted for partial fulfillment of the MD degree
in Internal Medicine

By
Mohamed Gamal Tawfik Talkhan
M.B.B.Ch, M.SC
Faculty of Medicine-Ain Shams University

Under supervision of

Prof. Dr. Khaled Hamdy Abd-Almaged

Professor of Internal Medicine and Gastroenterology
Faculty of Medicine - Ain-Shams University

Ass. Prof. Dr. Hesham Hamdy Radwan
Associate Professor of Internal Medicine and Gastroenterology
Faculty of Medicine - Ain-Shams University

Ass. Prof. Dr. Eslam Safwat Mohamed

Associate Professor of Internal Medicine and Gastroenterology
Faculty of Medicine - Ain-Shams University

Ass. Prof. Dr. Haitham Galal Mohammed
Associate Professor of Cardiology
Faculty of Medicine - Ain-Shams University

Dr. Ayman Gamil Anwar
Lecturer of Internal Medicine and Gastroenterology
Faculty of Medicine - Ain-Shams University

2019






First, thanks are all due to Allah for Blessing this work until it has
reached its end, as a part of his generous help throughout our life.

My profound thanks and deep appreciation to Prof. Dr. Khaled
Hamdy Abd-Almaged, Professor of Internal Medicine and
Gastroenterology, Faculty of Medicine - Ain-Shams University, for his
great support and advice, his valuable remarks that gave me the confidence
and encouragement to fulfill this worR,

I am deeply grateful to Ass. Prof. Dr. Hesham Hamdy Radwan,
Associate Professor of Internal Medicine and Gastroenterology, Faculty of
Medicine - Ain-Shams University, for adding a lot to this work, by his
experience and for her Reen supervision.

I am also thankful to Ass. Prof. Dr. Eslam Safwat Mohamed,
Associate Professor of Internal Medicine and Gastroenterology, Faculty of
Medicine - Ain-Shams University, for his valuable supervision, co-
operation and direction that extended throughout this worR,

I would liRe to direct my special thanks to Ass. Prof. Dr. Haitham
Galal Mohammed, Associate Professor of Internal Medicine and
Gastroenterology, Faculty of Medicine - Ain-Shams University, for his
invaluable help, fruitful advice, continuous support offered to me and
guidance step by step till this essay finished.

I cannot forget the great help of Ass. Dr. Ayman Gamil Anwar,
lecturer of Internal Medicine and Gastroenterology, Faculty of Medicine -
Ain-Shams University, for his invaluable efforts, tireless guidance and for
his patience and support to get this work into light.

I am extremely sincere to my family who stood beside me throughout
this work giving me their support.

Words fail to express my love, respect and appreciation to my wife
for her unlimited help and support.

—

Mohamed Gamal TalRfian



Contents

List of Contents

Subject Page No.
List of ADDreviations...........ccocviiiiiiiiiiieee s i
LiSt Of TabIES. ..o, i
LiSt OF FIQUIES ..o v
INErOdUCTION ... 1
AIM of the WOrK........cocoooiiice 4

Review of Literature

HepatitiS C VIrUS.......ccoveiieiiecece e 5
Treatment of HCV Infection...........cccoocvevvevniininnnnn, 22
HCV, Cirrhosis & DAAS Cardiovascular Effects..... 45
Patients and Methods..........ccccoevieieiie e 58
RESUIES. ...t 69
DISCUSSION ...t 111
Summary &Conclusion..........cccccevviiiiiii e, 123
Recommendations ..........cccocvevvenievie i 127
REFEIENCES ... 128

ArabiC SUMMANY ..o —_—




List of Abbreviations

List of Abbreviations

Full-term

a.a :  Amino acid

AASLD . American Association for the Study of Liver
Diseases

AFP . Alpha-Feto Protein

ALT : Alanine Aminotransferase

AST . Aspartate Aminotransferase

ART . Anti-retroviral therapy

BCLC . Barcelona-Clinic Liver Cancer

BMI : Body Mass Index

CBP . Childbearing period

CCM . Cirrhotic cardiomyopathy

CD34 . Cluster of Differentiation 34

CDC . Centers for Disease Control

CK7 . Cytokeratin 7

CKD : Chronic Kidney Disease

CLIP . Cancer of the Liver Italian Program

CMR . Cardiovascular diseases

CvVvD . Cardiovascular Magnetic Resonance

DAAs . Direct Acting Antivirals

DAC : Daclatasvir

DDls :  Drug-drug interactions

DM . Diabetes Mellitus

DSV . Dasabuvir

DT . Deceleration time

EASL . European Association for the Study of the Liver

EBR . Elbasvir

ECOG . Eastern Cooperative Oncology Group

EF :  Ejection fraction

EDHS :  Egyptian Demographic Health Survey

eGFR . Estimated glomerular filtration rate

EHIS . Egyptian Health Issues Survey

EIA :  Enzyme immunoassay




List of Abbreviations

ER . Endoplasmic Reticulum

ESCRT . Endosomal-Sorting Complex Required for Transport
FDA : Food and Drug Administration

FE . Fisher Exact

GLE . Glecaprevir

GZR . Grazoprevir

HCC . Hepatocellular Carcinoma

HBV . Hepatitis B virus

HCV . Hepatitis C virus

HF : Heart failure

HIV . human immunodeficiency virus
HSP-70 : Heat shock protein 70

HTN . Hypertension

IDSA . Infectious Diseases Society of America
IFN . Interferon

IL28B . Interleukin 28B

INR : International normalized ratio

IRES . Internal ribosome entry site

ISDR . Interferon Sensitivity Determining Region
KDa : Kilodalton

LDLT . Living Donor Liver Transplant

LDs . Lipid Droplets

LDV . Ledipasvir

LRT . Locoregional therapy

LVEDD . Left ventricular end diastolic diameter
LVESD . Left ventricular end systolic diameter
LVEDV : Left ventricular end diastolic Volume
LVESV . Left ventricular end systolic Volume
MC : Monte Carlo

MELD : Model for End-stage liver Disease
MPAP :  Mean pulmonary arterial pressure
MSM :  men who have sex with men

NAT :nucleic acid testing

NNPIs : Non-nucleoside polymerase inhibitors

NPI . Nucleotide polymerase inhibitors




NT-Pro BNP
NTRs
NS
OCLN
OBV
OPTN
ORF
OST
PAH
PCR
PEI
PIB
PTV
PWID
RBV
RCT
RDTs
RFA
ROS
SD
SIM
SOF
SRB 1
SVR
TACE
TAPSE
TDI
TGF-beta.
TNM
VEL
VIP
VOX
WHO

List of Abbreviations

N terminal pro hormone brain natriuretic peptide
Non-Translated Regions

Non-strtuctural

Occludin

Ombitasvir

Organ Procurement and Transplantation Network
Open Reading Frame

opioid substitution therapy

Pulmonary arterial hypertension
Polymerase chain reaction

Percutaneous ethanol injection
Pibrentasvir

Paritaprevir

People who inject drugs

Ribavirin

Randomized control trial

Rapid diagnostic tests

Radiofrequency Ablation

Reactive Oxygen Species

Standard deviation

Simeprevir

Sofosbuvir

Scavenger Receptor B1

Sustained Virological Response
Transcatheter arterial chemoembolization
Tricuspid Annular Plane Systolic Excursion
Trans doppler imaging

Transforming Growth Factor beta
Tumor, node, and metastases

Velpatasvir

Vasoactive Intestinal peptide
voxilaprevir.

World Health Organization




List of Tables

List of Tables

Table No. Title Page No.

Table (1): IFN-free, ribavirin-free  combination
treatment  regimens available  for
treatment-naive patients. ..........cccocevevveiiennnnnn, 34

Table (2): Treatment recommendations for treatment-
naive (TN) and treatment experienced (TE)
patients with chronic hepatitis C without
CIFTNOSIS. ..ttt 35

Table (3):Treatment recommendations for treatment-
naive (TN) and treatment experienced (TE)
patients with chronic hepatitis C with

compensated cirrhosis (Child-Pugh A)................ 35
Table (4): Recommended values for different stages

OF fIDIOSIS ..o 65
Table (5): Child-Turcotte-Pugh classification for

severity of CIrrhOSIS. .....c.ccovvvveieeie e, 67

Table (6): Demographic characteristics among the
studied groups (cirrhotic and non-

(o111 1 10] {0 ISR 70
Table (7): Fibro scan characteristics of studied
groups (cirrhotic and non-cirrhotic) ............... 72

Table (8): Comparison between the two studied
groups (non-cirrhotic and cirrhotic)
according to the primary liver profile. ............ 74

Table (9): Comparison between risky and non-
risky groups regarding Liver functions......... 76




Table (10):

Table (11):

Table (12):

Table (13):

Table (14):

Table (15):

Table (16):

Table (17):

Table (18):

Table (19):

List of Tables

ECG findings among non-cirrhotic and
CIFTNOLIC groUPS ....oevvvevee e 78

Comparison among the studied groups
(cirrhotic and non-cirrhotic) regarding

NT-Pro BNP....coooeeececeee e 79
Comparison between risky and non-
risky groups regarding NT-Pro BNP.............. 80

Comparison between the studied groups
(non-cirrhotic and cirrhotic) regarding
left ventricular diameters. ..........ccccoevvverienenn, 81

Comparison between the studied groups
(risky and non-risky) regarding left
ventricular diameters. ...........cccoeevveviee e, 82

Comparison between the studied groups
(non-cirrhotic and cirrhotic) regarding left
ventricular VoOlumes. ..o, 83

Comparison between the studied groups
(risky and non-risky) regarding left
ventricular vVolumes............cccocoveiveiicicccceenn, 84

Comparison between the studied groups
(non-cirrhotic and cirrhotic) regarding
Ejection Fraction...........ccccoovevvevieiiie e, 85

Comparison between the studied groups
(risky and non-risky) regarding Ejection
Fraction. .......cccevvee i 86
Comparison between the studied groups

(non-cirrhotic and cirrhotic) regarding
LV Diastolic functions.............ccccceviriennnnnnn, 87




Table (20):

Table (21):

Table (22):

Table (23):

Table (24):

Table (25):

Table (26):

Table (27):

Table (28):

List of Tables

Comparison of different diastolic
dysfunction grades among non-cirrhotic

and Cirrhotic groups. .......cccovcveveeieesiiesnieenne

Comparison between the studied groups
(risky and non- risky) regarding LV

Diastolic fuNCLIONS. .....ocoovveeececeee e

Comparison of different diastolic
dysfunction grades among non-risky and

FISKY QrOUPS.....ccveiieeiieecec e

Comparison between the studied groups
(non-cirrhotic and cirrhotic) regarding

RV fUNCLIONS. ...

Comparison between the studied groups
(risky and non- risky) regarding RV

TUNCHIONS. .. et

Correlations of NT-Pro BNP to different
variable parameters in non cirrhotic and

CIFrNOLIC groUPS ....cccvvvvieeeeieecee e

Correlations of ejection fraction (EF) to
different variable parameters in non

cirrhotic and cirrhotic groups: .........c...........

Correlations of Deceleration time (DT)
to different variable parameters in non

cirrhotic and cirrhotic groups: .....................

Correlations of MPAP to different
variable parameters in non cirrhotic and

...89

.90

.93

.. 97

.99

CIFTNOLIC GroUPS: ..o 101

Vi



Table (29):

Table (30):

Table (31):

Table (32):

List of Tables

Correlations of NT-Pro BNP to different
variable parameters in risky and non-
FISKY QrOUPS: oot 103

Correlations of ejection fraction (EF) to
different variable parameters in risky and
NON-TISKY grOUPS S: woovveevveeieeieevieeciee e, 105

Correlations of Deceleration time (DT)to
different variable parameters in risky and
NON-TISKY grOUPS: ....ooivveiveereeiee e e see e, 107

Correlations of MPAP to different
variable parameters in risky and non-
FISKY QrOUPS....coiveiiieieesiie e 109

vii



List of Figures

List of Figures

Figure No. Title

Figure (1):
Figure (2):

Figure (3):

Figure (4):

Figure (5):

Figure (6):

Figure (7):

Figure (8):

Figure (9):

HCV genome and proteins ...........cccceevveevenne 11

Cardiovascular alterations and HCV
INFECTION .o 46

Algorithm for the diagnosis of cirrhotic
cardiomyopathy .........cccovvevieicic e, 56

Child Pugh score prevalence in
CIITNOLIC groupP. .ooovevieceececcee e 73

Correlation between changes in Hb and
NT-Pro BNP in cirrhotic group..................... 96

Correlation between changes in EF and
NT-Pro BNP in cirrhotic group..........cccc.c..... 98

Correlation between changes in DT and
age in Cirrnotic group........cccevveveereeieennnnn, 100

Correlation between changes in MPAP
and NT-Pro BNP in cirrhotic group............. 102

Correlation between changes in DT and
age in risky group. ......cccceeevieeinevic e, 108

viii



Abstract

Abstract

Introduction: Hepatitis C virus (HCV) infection is one of the main
causes of chronic liver diseases worldwide. HCV infection has been
associated with numerous extra-hepatic manifestations. Also, up to 50
percent of patients with advanced cirrhosis have features of cardiac
dysfunction. Treatment for chronic HCV infection is evolving from
interferon-based therapy to directacting antiviral agents. aims &
Methods: The aim of the study is to assess the effect of treatment of
naive Egyptians chronic hepatitis C patients on cardiac functions using
direct acting antivirals. This study is a prospective cohort study that
was conducted on 90 treatment-naive adult patients with chronic
hepatitis C infection. results: Assessment of LV systolic functions
using EF % revealed no significant difference between the studied
groups regarding EF before and after treatment ( P value 0.266 ,0.169
respectively) Change in EF was significantly higher in non-cirrhotic
group (P value 0.024) . EF significantly increased in non-cirrhotic
group after treatment( P value 0.003 ). Assessment of diastolic function
using E/A ratio revealed no significant difference between the studied
groups regarding E/A ratio before and after treatment(P value 0.752,
0.881 respectively ) . E/A ratio was non-significantly changed in both
groups(P value 0.202, 0.108 respectively ) . Assessment of mean
pulmonary artery pressure (MPAP) revealed No significant difference
between the studied groups regarding MPAP before and after treatment
(P value 0.466, 0.923 respectively ) conclusion: Treatment of chronic
HCYV infection using DAAs (Sofosbuvir, Daclatasvir, Ribavirin) has no
clinicaly significant effect on cardiac functions.However, some sort of
sub-clinical myocardial affection can occur for further analytical
studies.
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Introduction

epatitis C virus (HCV) infection is one of the main causes
Hof chronic liver diseases worldwide. The long-term
impact of HCV infection is highly variable, ranging from
minimal histological changes to extensive fibrosis and cirrhosis
with or without hepatocellular carcinoma (HCC). Cirrhosis
represents a late stage of progressive hepatic fibrosis
characterized by distortion of the hepatic architecture and the
formation of regenerative nodules (Messina et al., 2015).

HCV infection has been associated with numerous extra-
hepatic manifestations. They are lichen planus, oral cancer,
porphyria cutanea tarda, membranous glomerulonepritis, etc. In
addition, auto immune diseases like autoimmune thyroiditis and
mixed cryoglobulinemia are also found. Although HCV is
primarily a hepatotropic virus, has tropism for other tissues
besides the liver. It has been isolated from the myocardium of
patients with myocarditis and cardiomyopathy hence, its
inclusion among the cardiotropic viruses (Sanchez and
Bergasa, 2008).

Also, up to 50 percent of patients with advanced cirrhosis
have features of cardiac dysfunction. The term “cirrhotic
cardiomyopathy" has been used to describe such patients, who are
characterized as having normal to increased cardiac output and
contractility at rest, but a blunted response to pharmacologic,
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physiologic, or pathologic stress. Patients may also have
electrophysiological abnormalities. It is thought to be related to
both portal hypertension and cirrhosis. Cardiomyopathy can occur
from any cause of cirrhosis, although patients with alcoholism or
hemochromatosis may have additional contributing causes to
cardiac dysfunction (Zardi et al., 2010).

Treatment for chronic HCV infection is evolving from
interferon (IFN)-based therapy to direct-acting antiviral
(DAA) agents. Previous interferon-based anti-HCV therapies
were mostly not tolerated by patients with advanced heart
failure (HF), and had limited elimination efficacy (Petta et
al., 2016).

With the introduction of novel interferon-free highly
efficient and well tolerated anti-HCV combination therapies,
the issue of causal relationship between HCV infection and
cardiac disease may finally be resolved since these new highly
anti-HCV-specific drugs lack the complex unspecific side-
effects upon cardiac functions which have always confounded
interpretation of treatment results (Kohli et al., 2014).

However, new regimens comprised of DAAs that target
different steps in the HCV life cycle are in development and
some have received breakthrough therapy status by the U.S.
Food and Drug Administration (FDA). Also, recent
retrospective studies, case reports and post marketing reports




