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Figure 1. Extrahepatic manifestation in hepatitis C virus infection.

Songtanin, B.; Nugent, K. Burden, Outcome, and Comorbidities of Extrahepatic Manifestationsin Hepatitis C Virus Infection. Biology 2023, 12, 23. https://doi.org/10.3390/biology12010023




Figure 1 Major Pathophysiological Mechanisms Implicated in Extrahepatic Manifestations of HCV
Infection.

Source: Cacoub P, Saadoun D. Extrahepatic Manifestations of Chronic HCV Infection. N Engl ) Med.
2021;384:1038-52.Reproduced with permission from the Massachusetts Medical Society. Copyright © 2021
Massachusetts Medical Society. All rights reserved.
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Figure 1. Classification of extrahepatic manifestations associated with chronic HCV infection.



Table 2. Organ-specific manifestations of HCV patients with extrahepatic manifestations according to severity.

tions
— Purpura
— Sporadic cutaneous ulceration
— Arthralgia/Arthritis

— Non-inflammatory muscle pain
— General conditions (malaise, fever)
— Mild to moderate neuropathy (sensitive)

b) Severe manifestations

— Persisting, multiple cutaneous ulceration that does not heal

— Finger ischemia

— Severe neuropathy (Motor or motor-sensitive)

— Glomerulonephritis with / without renal disease / nephrotic syndrome

— Interstitial lung disease

— vascular gastrointestinal affectation (non-necrotizing)

— severe autoimmune cytopenias (symptomatic hemolytic anemia / thrombocytopenia)

¢) potentially fatal manifestations

— Rapidly progressive glomerulonephritis

— CNS affectation

— Acute Necrotizing intestinal vasculitis

— Alveolar hemorrhage

— Coronary artery disase (other etiology excluded)
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Table 2. Independent factors and disease burdens of EHMs.

EHM In dep endent Factor Disease Burden

Diabetes mellitus Cirrhosis, aging, obesity, family history Increased risk of hepatic fibrosis,

[28-31] of DM, HCV genotype (1,2,4) Increased risk of HCC

Cardiovascular disease . Increased risk of MI, cardiac dvsfunction,
R . ﬁL DM, HTN, HIV coinfection - G i ¥ -
[19,20,32-34] heart failure

Mixed cryoglobulinemia and renal Cardiovascular disease, liver failure, : .
LS 1 an L . . Increased risk of CED
disease [21,35] infections, chronic renal failure
Lymphoma Increased risk of developing chronic

Geographic variations

[36,37] hepatitis, cirrhosis, and HCC

May increase risk of developing MALT
Older age, liver disease activity lymphoma, malignant B cell
non-Hodgkin lymphoma

Sjogren syndrome
[38—40]

Fheumatoid arthritis

[41] Smoking, previous history of arthritis Data limited

Th}'miditi 5

[27,42,43] Female, ge ographic: variabilit;' Data limited

DM, Diabetes mellitus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; HTN, hypertension; HIV, human
immunodeficiency virus; MI, myocardial ischemia; CKD, chronic kidney disease.

Songtanin, B.; Nugent, K. Burden, Outcome, and Comorbidities of Extrahepatic Manifestationsin Hepatitis C Virus Infection. Biology 2023, 12, 23. https://doi.org/10.3390/biology12010023



Diabetes Mellitus

* Metabolik sendrom (DM, KVH, SVO) yaygin

Table 1. Prevalence of extrahepatic manifestations in HCV infections.

EHMs Authors Study Method Findings in HCV Patients (95%:CI)

Svstematic review

- ey Prevalence: 15% (13-18%)
(31 studies, n=263,973) & E °

Younossi [9]

Diabetesmellitus
Systematic review

(21 studies, n = 22.432) Prevalence 19.0% (15.6-22.9%)

Younossi [15]

HCV X3 DM

KC yetmezligi=> glukoz metabolizmasinda bozukluk tip2 DM ™1
* >40vyas

* Erkek cinsiyet

* Ailede DM oykisu

 HCV genotipi (1,2,4)

Hammerstad, S.S.; Grock, S.F.; Lee, H.J.; Hasham, A.; Sundaram, N.; Tomer, Y. Diabetes and Hepatitis C: A Two-Way Association. Front. Endocrinol. 2015, 6, 134.
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Figure 2. Tllustrates the mechanisms associated with HCV infections

HCV kiru beta hicre fonksiyonunu ve insilin reseptori
substratlari 1 ve 2'nin hepatik ekspresyonunu iyilestirmekte

Songtanin, B.; Nugent, K. Burden, Outcome, and Comorbidities of Extrahepatic Manifestationsin Hepatitis C Virus Infection. Biology 2023, 12, 23. https://doi.org/10.3390/biology12010023



Hepatit C virusu lipid sentezini de degistirir; cok diisik yogunluklu lipoproteinler
(VLDL) viral partiktllerin sentezinde kullanilr.

Apoptozis, reaktif oksijen tiirlerinin Gretimi ve inflamatuar/bagisiklik tepkileri gibi ek
olumsuz hucresel etkilere sahip lipid toksisitesi

Kronik hepatit C'li hastalarin %40 ila %80'inde steatoz goruldr.

Alkol, obezite ve metabolik sendrom gibi yardimci faktorler de karacigerde yag
birikmesine katkida bulunur.

Leslie, J.; Geh, D.; Elsharkawy, A.M.; Mann, D.A.; Vacca, M. Metabolic dysfunction and cancer in HCV: Shared pathways and mutual interactions. J. Hepatol. 2022, 77, 219-236.
Kawaguchi, Y.; Mizuta, T. Interaction between hepatitis C virus and metabolic factors. World J. Gastroenterol. 2014, 20, 2888-2901.
Basaranoglu, M.; Basaranoglu, G. Pathophysiology of insulin resistance and steatosis in patients with chronic viral hepatitis. World J. Gastroenterol. 2011, 17, 4055-4062.



* Insulin direnci, HCV ile infekte olmus bireylerde morbidite icin énemli bir prognostik faktordiir ve dogrudan antiviral tedaviye
direncle iliskilidir.

* Popllasyona dayali vaka kontrolll bir ¢calisma, diyabetin HCC icin bagimsiz bir risk faktori oldugunu ve HCV ile diyabetin
kombinasyonunun HCC insidansinda 37 kat artisla iliskili oldugunu gostermistir.

e Birkag¢ ¢alisma, KVY’a ulasmanin hepatit C ile infekte olmus hastalarda diabetes mellitus gelisme riskini azalttigini bildirmistir.

» Butt tarafindan yapilan yakin tarihli bir calismada, pegile interferon ve ribavirin rejimi (PEG/RBV, n = 4764) veya DAA iceren
bir rejim (n = 21.279) alan HCV hastalari karsilastirildi ve DAA grubunda, daha sonraki diyabetin gorilme siklig1 ve riskinin
onemli 6lctide azaldigI gosterildi.

* Li, IFN tabanli tedavi veya DAA ile tedavi edilen diyabetli 1395 HCV hastasinin sonugclarini inceledi; KVY’li hastalarda akut
koroner sendrom (HR 0,36), son evre bobrek hastaligi (HR 0,46), fel¢ (HR 0,34) ve retinopati (HR 0,24) gelistirme riski 6nemli
Olcliide azaldi .

Adinolfi, L.E.; Nevola, R.; Guerrera, B.; D’Alterio, G.; Marrone, A.; Giordano, M.; Rinaldi, L. Hepatitis C virus clearance by direct-acting antiviral treatments and impact on insulin resistance in chronic hepatitis C patients. J. Gastroenterol. Hepatol. 2018, 33, 1379-1382.

Hum, J.; Jou, J.H.; Green, P.K.; Berry, K.; Lundblad, J.; Hettinger, B.D.; Chang, M.; loannou, G.N. Improvement in Glycemic Control of Type 2 Diabetes After Successful Treatment of Hepatitis C Virus. Diabetes Care 2017,40, 1173-1180.

Milner, K.L.; Jenkins, A.B.; Trenell, M.; Tid-Ang, J.; Samocha-Bonet, D.; Weltman, M.; Xu, A.; George, J.; Chisholm, D.J. Eradicating hepatitis C virus ameliorates insulin resistance without change in adipose depots.

J. Viral Hepat. 2014, 21, 325-332.

Butt, A.A; Yan, P.; Aslam, S.; Shaikh, O.S.; Abou-Samra, A.B. Hepatitis C Virus (HCV) Treatment With Directly Acting Agents Reduces the Risk of Incident Diabetes: Results From Electronically Retrieved Cohort of HCV Infected Veterans (ERCHIVES).

Clin. Infect. Dis. 2020, 70, 1153-1160.

Li, J.; Gordon, S.C.; Rupp, L.B.; Zhang, T.; Trudeau, S.; Holmberg, S.D.; Moorman, A.C.; Spradling, P.R.; Teshale, E.H.; Boscarino, J.A.; et al. Sustained virological response to hepatitis C treatment decreases the incidence of complications associated with type 2 diabetes. Aliment.
Pharmacol. Ther. 2019, 49, 599-608.



Kardiyovaskuler ve Serebrovaskuler Hastaliklar

Table 1. Prevalence of extrahepatic manufestations in HCV infections.

EHMs Authors Study Method Findings in HCV Patients (95%CI)
RR of cardiovascular events, Ml stroke

Systematic review

Lee [19] (36 studies, n = 341,739) 1.2811.15-:_.42;61.13(1.0.&’1.29, 1.28
Cardiovascular and e
cerebrovascular disease OR of CVD-related mortality, carotid
Petta [20] Systematic review plaques, and CVA
2 (22 studies, n =390 602) 1.65 (1.07-2.56), 2.27(1.76-2,94), 1.30

(1.10-1.55), respectively

Pothineni, N.V.; Rochlani, Y.; Vallurupalli, S.; Kovelamudi, S.; Ahmed, Z.; Hakeem, A.; Mehta, J.L. Comparison of Angiographic Burden of Coronary Artery Disease in Patients With Versus Without Hepatitis C Infection.Am. J.
Cardiol. 2015, 116, 1041-1044.

Bilora, F.; Rinaldi, R.; Boccioletti, V.; Petrobelli, F.; Girolami, A. Chronic viral hepatitis: A prospective factor against atherosclerosis.A study with echo-color Doppler of the carotid and femoral arteries and the abdominal
aorta. Gastroenterol. Clin. Et Biol. 2002, 26, 1001-1004.

Corey, K.E.; Kane, E.; Munroe, C.; Barlow, L.L.; Zheng, H.; Chung, R.T. Hepatitis C virus infection and its clearance alter circulating

lipids: Implications for long-term follow-up. Hepatology 2009, 50, 1030-1037. [CrossRef]



* Nahon, KVY’a ulastiktan sonraki sonucu belirlemek icin kompanse sirozlu HCV infeksiyonlu 1323
hastayi takip etmis, DAA'larin kullanimindan sonra, inme, iskemik kalp hastaligi, kardiyovaskiler
olum, kalp durmasi ve kalp yetmezligi gibi major kardiyak olaylarin riski, sirozlu KVY grubunda
onemli olclide azalmis; viral genotipin kardiyovaskuler olay riskinde bir roli yokmus.

 HCV ile infekte olmus gaziler Gzerinde yapilan bir kohort calismasinda, DAA tedavisiyle KVY'nin
KVH riskinde 6nemli bir azalma ile iliskili oldugu gérilmus (HR 0,87, %95 CI 0,77-0,98).

* Yakin zamanda yapilan bir meta-analiz ayrica KVY’den sonra felc riskinin de azaldigini gostermis
(HR 0,84, %95 CI 0,74 ila 0,94).

Butt, A.A.; Yan, P.; Shuaib, A.; Abou-Samra, A.B.; Shaikh, O.S.; Freiberg, M.S. Direct-Acting Antiviral Therapy for HCV Infection
Is Associated With a Reduced Risk of Cardiovascular Disease Events. Gastroenterology 2019, 156, 987.

Mahale, P.; Engels, E.A,; Li, R.; Torres, H.A.; Hwang, L.Y.; Brown, E.L.; Kramer, J.R. The effect of sustained virological response
on the risk of extrahepatic manifestations of hepatitis C virus infection. Gut 2018, 67, 553—-561.



Esansiyel miks kriyoglobulinemi

Table 1. Prevalence of extrahepatic manafestations in HCV infections.

EHMs Authors Study Method Findings in HCV Patients (95%CI)
Younossi [9] Systematic review Prevalence: 30% (21.4-35.9%)
Mixed cryoglobulinemia o (21 studies, n = 4415) OR 11.50 (4.56-29.00)
Park [21] Retrospective cohort (n =55,646) HR 16.91 (12.00-23.51)

Tip Il kriyoglobulinemi

Serumda bir (monoklonal) veya daha fazla (miks veya poliklonal) kan proteininin varhigi; bu proteinler, normal
viucut sicakliginin altindaki sicakliklarda (37°C'nin altinda) in vitro olarak geri donlsimli olarak ¢okelir.

Coken kan proteinlerine kriyoglobllinler denir ve serum yeniden isitildiginda tekrar ¢ozilurler.

Kriyoglobulinler ya saf immunoglobulinlerden ya da immunoglobulinler ve kompleman karisimindan olusur.

Songtanin, B.; Nugent, K. Burden, Outcome, and Comorbidities of Extrahepatic Manifestationsin Hepatitis C Virus Infection. Biology 2023, 12, 23. https://doi.org/10.3390/biology12010023



e Kicuk - orta buyuk damar duvarlarinda HCV partikillerini iceren immun
kompleksler birikimi

* Endotelyal aktivasyon, kemotaktik peptidlerin uyariimasi

e Lokositoklastik vaskulit




Extrahepatic Conditions Related to HCV infection
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e DAA'larin kullaniimasinin, miks kriyoglobulinemisi olan hastalarda daha yuksek bir
klinik remisyon oranina (%91) ve KVY’a yol actigi belirlenmis; ancak, KVY’a ulasan
hastalarin yalnizca %70'inde tam klinik yanit belirlenmis.

* KVY’a ulasan hastalarin yaklasik %20'sinde, 6zellikle siddetli ve/veya yasami tehdit
eden vaskuliti olanlarda, dolasimda kalici kriyoglobulinler ve vaskiler olaylarin tekrar
ortaya ¢cikmasi s6z konusu

* Bu nlks, immunolojik yanitin antijenden bagimsiz hale geldigini dlisindirmektedir.

Songtanin, B.; Nugent, K. Burden, Outcome, and Comorbidities of Extrahepatic Manifestationsin Hepatitis C Virus Infection. Biology 2023, 12, 23. https://doi.org/10.3390/biology12010023



Bobrek Hastaliklari

Table 1. Prevalence of extrahepatic marufestations in HCV infections.

EHMs Authors Study Method Findings in HCV Patients (95%CI)

Retrospective cohort

- 27 (1.18-1.37)
P HR of 1.27 (1.18-1.37)

Chronic kidney disease Park [21]

HCV hastalarinda kronik bobrek hastaligi ve bobrek yetmezliginin (serum kreatinin 21,5 mg/dL) yayginhigi %5,1 ile %17,2
arasinda degismektedir.

Bobrek hastaligi, HCV'nin neden oldugu miks kriyoglobulinemi vaskilitinde 6nemli bir morbidite ve mortalite nedenidir.

En sik gorilen HCV ile iliskili bobrek komplikasyonu MPGN veya tip Il miks kriyoglobulinemili MPGN'dir ve hastalarin
yaklasik %5'inde bobrek yetmezligi gelisir.

Kidney Disease Improving Global Outcomes (KDIGO) kilavuzlari, tim kronik bobrek hastaligi (KBH) hastalarinin HCV ile
iliskili bébrek hastaliginin tespiti icin en azindan yilda bir kez proteintiri, hematuri ve eGFR agisindan degerlendirilmesini
onermektedir.

DAA’larla KVY olan hastalarda, baslangic KBH evresi 3-5 olan hastalarda bébrek fonksiyonunda 6nemli iyilesme vardir.

Son evre bobrek hastaligi gelistirme riski de DAA tedavisinden sonra KVY'den bagimsiz olarak 0,86'lik bir RR (95% CI 0,72,
1,03) ile azalr.

Songtanin, B.; Nugent, K. Burden, Outcome, and Comorbidities of Extrahepatic Manifestationsin Hepatitis C Virus Infection. Biology 2023, 12, 23. https://doi.org/10.3390/biology12010023



Lenfomalar e

EHMs Authors Study Method Findings in HOV Patients (95°.C1

HCV antijenleri, B hiicresi klonal genislemesini ve antikor tretimini
indukledigi dustnulen B lenfositlerinin kronik stimilasyonunu tetikler
ve B hicreli Hodgkin disi lenfoma gelisme potansiyeli tasir.



B hicreli Hodgkin disi lenfoma:
Primer hepatik lenfoma
Diffuz buyuk B hiicreli lenfoma
Marjinal zon lenfomasi
Lenfoplazmositik lenfoma
Villoz lenfositli dalak lenfomasi
Ekstranodal marjinal zon B hiicreli lenfomasi
(Mukoza ile iliskili lenfoid doku)
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Kronik Antijen Stimiilasyonu: HCV antijenleri external B lenfosit
reseptorlerini (CD19, CD21, CD81) siirekli olarak uyarir ve hiicre i¢ci onkogenik
sinyallerin up reglilasyonuna ve timaor baskilayici sinyallerin down
regulasyonuna yol acar ve sonucta B hiicrelerinde ¢cogalma artar.

Viral Proteinler Yoluyla Dogrudan Transfer: HCV'nin B lenfositleri icinde
replikasyonu, onkojenik sinyallerin indiiklenmesine yol acabilen ve dolayisiyla
donustiriici onkogenik etkilere neden olabilen bir dizi HCV proteini Uretir.
HCV nikleus ve NS3 proteinleri en glclu iliskiye sahiptir.

"Vur ve Kag" Teorisi: HCV, B lenfositlerini gecici olarak infekte eder ve bu
islem sirasinda virus, sitidin deaminaz ve hataya acik polimerazlari indukleyen
cift sarmalli DNA kirilmalarina neden olabilir. Bu degisiklikler, p53, BCL-6 ve
beta-katenin dahil olmak Gzere timor baskilayici genlerdeki mutasyonlari
icerebilir.




Monoklonal gammopatiler

« HCV - B lenfosit — plazma hcresi

* 2 merkez vaka-kontrol /\
/ &‘\ -/\- N
« 239 HCV infeksiyonu PNAAN
Multiple Mysloma

98 HCV neqatif (kontrol)

26 monoklonal gammapati

Multipie myeloma cefls (abnormal plasma
cads)

=
! < %9
N ™=
by
ol
.
=R N
L

Multiple myelom 9
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Dermatolojik Hastaliklar

Table 1. Prevalence of extrahepatic marufestations in HCV infections.

EHMs Authors Study Method Findings in HCV Patients (95%CI)
: 5 Systematic review Prevalence: 47-50%
. SasbertiM] (50 studies, n = 2167) OR 275 (104-725)
Porphyria cutanea tarda
Younossi [9] Systematic review Prevalence: 0.5% (0.1-0.8)
' (7 studies, n=970,315) OR 8.53 (4.15-17.52)

Systematic review

OR 6.07 (2. 48)
(19 studies, n = 4326) OR67(273-1348)

Lichen planus Alaizani [25]




Porfiriya kutanea tarda

Hepatik Groporfirinojen dekarboksilaz

Karacigerde, kan ve idrarda troporfirinlerin birikmesi

Vezikuler
Ciltte eroze lezyon
Isiga duyarl
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2167 hasta 50 calismanin sistematik incelemesi
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Liken planus

« Duiz tepeli, morumsu, kagintili papuller

*  Mukoza, tirnak

« Sistematik inceleme,
Oral liken planus hastalari-kontrol grup
Reaktif anti-HCV x2, x6

« Japonya 261 Kronik HCV infeksiyonu
71 oral mukoza liken planus
x10

DOI: 10.1111/adj.12382.
DOI: 10.1016/j.cgh.2016.12.029




Otoimmun Bozukluklar

Table 1. Prevalence of extrahepatic marufestations in HCV infections.

EHMs Authors

Study Method

Findings in HCV Patients (95%CI)

Younossi [9]

Systematic review
(11 studies, n= 38,789)

Prevalence: 11.9% (7.6-16.2%)
RR 2.29 (0.19-27.09)

Sjogren syndrome
; A population-based analysis
/ A .
Yeh [26] (n = 48,145) OR 2.49 (2.16-2.86)
Yourosst {9] Systematic review Prevalence: 1% (0.0-2.0%)
' 4 studies, n = 210,538 OR 2.39 (1.52-3.
Rheumatoid arthritis feudiena £l ey
Younossi [15] Systematic review Prevalence: 4.5% (0.6-25.7%)
5 (5 studies, n=18,234) OR 2.49 (1.79-3.45)
A Systematic review Prevalence of hypothyroidism: 6.36%
2 v v v
SRR SoaL (12 studies, n = 3603) OR 3.10 (2.19—4.40)




Sjogren sendromu / Sicca semptomlari

G0z kurulugu

Dil kurulugu

Artrit

Kuru cilt-Dokunti
Sindirim problemleri

Kuru o6ksiruk

102 galisma iceren metaanaliz
HCV — Sjogren %15

Kontrol <%1

' R
BU SORUNLARI

YASIYOR MUSUNUZ?

3]
AGIZ KURULUGUY
= |
'y
Di$ GURUMELER] GOZ KURULUGY
ILACSIZ X YASIYORUZ

e Lo TR

.

doi: 10.1053/j.gastro.2016.02.039.




Tiroid hastaliklari

* HCV infeksiyonu
* Anti-tiroid antikor %5-17

« Hashimato
* Graves hastaligi
» Tiroid hastaligi %2-13

Autoimmune thyroid disease|spectrum

Thyroid peroxidase antibody

TPOAb

TSAb

TSH-Receptor Stimulating Antibody

Graves' Disease

Hashin?o'tt.)'s - roglobulin Antibody
Thyroiditis =

Thyroiditis
TBADb

TSH-Rekeptor Blocking Antibody

HCV-driven Autoimmunity and Thyroid Involvement

HCV

( infection
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autoreactive amplification loop
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. Trombositopeniler
Immun Trombositopenik Purpura

Rawi S. et al: TCP in chronic HCV: Mechanisms and treatment

Fig. 1. Pathophysiologic mechanisms of thrombocytopenia.



Otoimmun Hemolitik Anemi

[MMUNE HEMOLYSIS
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o K> blop CEuS

+ AUTDIMMUNE DISEASE
* LYMPHOMA

* MEDICATIONS
* INFECTIONS




Effect of HCV on various organs
and systems
Depression, fatigue,
neurocognitive impairment

Lymphoma Sicca syndrome
Lymphadenopathy > Hypothyroidism
Splenomegaly

Increased risk of MACEs

Cryoglobulinemic

vasculitis

Type 2 diabetes mellitus,
Membranoproliferative - - : insulin resistance
glomerulonephritis |

. Chronic kidney disease,
¢ glomerulonephritis
Purpura, skin ulcers .

Porphyria cutanea tarda,
lichen planus, necrolytic
acral erythema

Arthralgia, arthritis

Autoimmune cytopenia
(ITP, AIHA), MGUS

anticardiolipin, antithyroid,

Pedipherat nagropatiy anti-smooth muscle)

Autoantibodies (RF, antinuclear,

HCV ile infekte olan cogu hasta durumdan
habersiz oldugu icin, ekstrahepatik
bulgular saptanan hastalarda HCV
infeksiyonunun, HCV infeksiyonu
saptanan kisilerde ise sik gorilen ve guclu
iliskisi oldugu kanitlanmis ekstrahepatik
hastaliklarin varligi arastirilmalidir.

DAA'larla tedavinin yalnizca hepatik
sonuclari iyilestirmekle kalmayip, ayni
zamanda hepatik olmayan belirtilerle
iliskili semptomlari ve mortaliteyi de
azaltabilecegini gostermistir.







