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Abstract
Purpose of Review Direct acting antiviral agents (DAAs) have emerged as simple, short, safe, and effective treatments for
chronic hepatitis C (CHC) infection. CHC is a systemic disease with frequent and multiple extrahepatic manifestations. The
beneficial effects of DAA treatment regimens extend beyond improvement in liver-related outcomes to amelioration of extra
hepatic manifestations and are likely to have economic implications. The purpose of this review is to evaluate the effect of DAAs
on extra hepatic manifestations of CHC virus infection.
Recent Findings Recent studies indicate that DAAs are associated with reduction in all-cause mortality, even in patients without
significant hepatic fibrosis. They are also associated with reduction in incident cardiovascular disease and diabetes. DAAs are the
mainstay of treatment in HCV-associated cryoglobulinemia and lymphoma. Successful HCV therapy with DAAs also improves
patient-related outcomes such as health-related quality of life.
Summary DAAs improve extrahepatic manifestations of CHC virus infection. Future studies are needed to evaluate the long-
term durability of treatment response and for accounting amelioration of extrahepatic manifestations into the cost effectiveness of
DAA regimens.
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Abbreviations
DAA Directly acting antiviral agents
CHC Chronic hepatitis C
HCV Hepatitis C virus
PROs Patient-related outcomes
HRQOL Health-related quality of life
VA Veterans Affairs
SVR Sustained virologic response
MC Mixed cryoglobulinemia

NHL Non-Hodgkin’s lymphoma
DLBCL Diffuse large B cell lymphoma
HbA1C Hemoglobin A1C

CVD Cardiovascular disease
CKD Chronic kidney disease

Introduction

Chronic hepatitis C (CHC) virus infection is estimated to af-
fect 71 million individuals worldwide and leads to approxi-
mately 399,000 deaths from liver cirrhosis and hepatocellular
carcinoma [1]. Apart from the hepatic complications, CHC is
a systemic disease with myriad extrahepatic manifestations
associated with poorer clinical outcomes [2, 3] and a signifi-
cant economic burden [4, 5]. These include mixed
cryoglobulinemia, extrahepatic malignancies, and rheumato-
logic, cardiovascular, renal, endocrine, and neurocognitive ef-
fects [6–8]. CHC also affects patient reported outcomes
(PROs) such as fatigue and health-related quality of life
(HRQOL) [9].
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Direct acting antiviral agents (DAAs) have emerged as
simple, short, safe, and effective regimens, changing the land-
scape of hepatitis C virus (HCV) treatment. DAA regimens
have been established to improve liver-related outcomes, such
as reduction in the risk of cirrhosis, decompensated liver dis-
ease, hepatocellular carcinoma, and all-cause mortality
[10–13]. This review aims to evaluate the effect of DAAs on
extra hepatic manifestations of HCV.

Effect on All-Cause Mortality

Reduction in all-cause mortality is the fundamental aim of
HCV therapy. In a propensity matched study from the
Department of Veterans Affairs (VA), Butt et al. demonstrated
that DAA regimens (sofosbuvir/ledipasvir and paritaprevir/ri-
tonavir/ombitasvir/dasabuvir) were associated with 57% re-
duction in all-cause mortality that was apparent in the first
18 months post treatment [11]. Twenty-five per cent of the
study population had cirrhosis (as defined by FIB 4 > 3.25).
Attainment of sustained virologic response (SVR) was asso-
ciated with 43% reduction in mortality. In another observa-
tional study from the VA, Backus et al. analyzed the effect of
SVR in response to DAAs on all-cause mortality in individ-
uals with CHC virus infection without cirrhosis (defined as
FIB < = 3.25) [10]. Sixty-five per cent of the individuals in
this study received a sofosbuvir/ledipasvir-based regimen.
Even in individuals without cirrhosis, SVR was associated
with 69% decrease in all-cause mortality as compared to un-
treated patients and 59% reduction in mortality in comparison
to patients treated with DAAs who did not achieve SVR, after
adjusting for covariates. The observation remained true in the
subset of persons with FIB 4 < 1.45 (which is recognized as
the threshold to exclude significant fibrosis), highlighting the
importance of treating all patients with HCVand not just those
with advanced fibrosis.

Effect on Mixed Cryoglobulinemia

Mixed cryoglobulinemia (MC) is a common extrahepatic
manifestation of CHC virus infection characterized by HCV
antigen-driven B cell clonal proliferation leading to deposition
of circulating immune complexes in small vessels of the skin,
nerves, kidney, liver, and joints. HCVaccounts for 85–95% of
all cases of MC [14, 15]. While up to 50% of patients with
CHC virus infection have circulating cryoglobulins, only
about 10–15% have clinical manifestations which include pal-
pable purpura, arthralgias, neuropathy, and glomerulopathy
[16]. The mainstay of treatment for HCV-associated MC is
anti-HCV therapy. In addition, some patients may need plas-
ma exchange, steroids, and rituximab. Improvement and res-
olution of MC with interferon-based therapies is well
established [17]. However, interferon-based therapies in

CHC virus–infected patients with MC was associated with
lower rate of SVR and significant side-effects as compared
to patients withoutMC [17]. Newer DAA regimens in patients
withMC achieve higher SVR rates (83–100%), comparable to
patients without MC suggesting that presence of
cryoglobulins itself may not be the main driver of treatment
failure [18–22]. The lack of side-effects, including the
immune-stimulatory effects seen with interferon use, have
made DAAs the drug of choice for HCV-associated MC [8].
DAA regimens for HCV-associated MC are associated with a
lesser need for supplemental steroids and rituximab [21, 23].
Attainment of SVR with DAA regimens correlates with clin-
ical improvement in symptoms. It is however important to
note that the clinical and immunologic response to DAA ther-
apies in HCV-associated MC may lag behind SVR. Emery
et al. reported that in 16/18 patients with symptomatic
cryoglobulinemic vasculitis who achieved SVR, only 7
(38.8%) had complete resolution of symptoms in a median
follow-up time of 5 months [20]. Similar results were reported
by Sadoun et al. and Gragnani et al. where all patients
achieved SVR [21, 23]. Bonacci et al. also showed that a
low cryocrit (< 2.7%) was associated with complete immuno-
logic response as defined by undetectable cryoglobulins and
complement and rheumatoid factor normalization [18]. In a
recent larger, long-term follow-up study of 148 patients (me-
dian follow-up of 15.3 months), 72.6% patients had complete
response, 22.6% had partial response, and 4.8% had no re-
sponse [19]. Skin and renal manifestations are more likely to
resolve as compared to neurologic manifestations, some of
which may be irreversible due to permanent nerve damage.
In CHC virus infection–associated MC, DAA regimens have
also been shown to improve disturbances in B and T cell
homeostasis [24]. Restoration of this imbalance may thus in
part underlie the mechanisms treating this primarily autoim-
mune disease, a role beyond achieving SVR. However, in
some instances of HCV-associated MC, cryoglobulinemia
may persist or relapse after SVR [25]. Studies with longer
follow-up are needed to establish the durability of clinical
and immunologic response, especially in patients with severe
manifestations. Overall, studies in the DAA era support the
early initiation of DAA therapy in HCV-associated MC to
prevent permanent and future complications.

Effect on HCV-Associated Lymphoma

In addition to MC, CHC virus infection is associated with a
spectrum of lymphoproliferative processes. The association of
certain types of B cell non-Hodgkin’s lymphoma (NHL) with
HCV is well reported in epidemiological studies and corrob-
orated by lymphoma regression with interferon-based thera-
pies [26–30]. A meta-analysis evaluating the correlation of
SVR (from interferon-based regimens) with lymphoma
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regression in patients with HCV-associated B cell NHL found
that SVR was strongly associated with lymphoma response
(83% vs 53%) [29]. B cell NHL may develop from a back-
ground of MC or independently. In patients with continued
clinical manifestations ofMC after successful HCV therapy, B
cell lymphomas should be considered [31, 32].

In the DAA era, a large case series of patients with HCV
and associated lymphoproliferative disorders (37/46, i.e., 80%
patients with marginal zone lymphoma) reported 98% SVR
with DAA regimens [33]. Lymphoma regression was seen in
67% patients including 26% patients with complete response
and 12% patients with partial response. High SVR rates and
safety of DAAs with concomitant chemotherapy for HCV-
associated and non-HCV–associated malignancies were also
noted in other smaller studies [34, 35]. A recent study by
Persico et al. compared disease-free survival of a cohort of
20 CHC virus–infected patients who received DAA regimens
along with chemotherapy for diffuse large B cell lymphomas
to a historic retrospective CHC virus–infected diffuse large B
cell lymphomas cohort who did not receive antiviral therapy
with chemotherapy [36]. In a follow-up period of 52 weeks,
disease-free survival was significantly improved in patients
treated with DAA regimens compared to untreated patients
(p = 0.036). Larger population-based studies are needed to
study the effect of DAA regimens on risk of lymphomas.

Effect on Diabetes and Metabolic Syndrome

CHC virus infection is associatedwith increased prevalence as
well as increased risk of incident diabetes mellitus. While
there were conflicting reports on the effect of interferon-
based therapies on incident diabetes and glycemic control,
DAA regimens have has been associated with beneficial ef-
fects. Diabetic patients undergoing treatment with DAA regi-
mens have been shown to have better fasting glucose, glycated
hemoglobin (hemoglobin A1C/HbA1C), and decreased re-
quirement of antidiabetic drugs during anti-HCV therapy as
well as after attaining SVR [37–40]. Beneficial effects of
DAA regimens on glycemic control have also been seen in
post-liver transplant patients with recurrent HCV [41]. Hum
et al. evaluated the effect of SVR in response to DAAs (with-
out the use of ribavirin) on glycemic control as determined by
HbA1C in over 2400 patients with diabetes mellitus and ele-
vated HbA1C [42]. While pre-treatment HbA1C was compara-
ble in patients who attained SVR and those who did not, there
was greater decline in HbA1C (− 0.98%) in those who attained
SVR as compared to those who did not (− 0.65%). In a recent
large study of 21,279 CHC virus–infected persons, DAA ther-
apy was associated with a 52% reduction in incidence of dia-
betes (HR 0.48, 95%CI 0.42, 0.56) while attainment of SVR
was associated with a 19% reduction in incidence of diabetes
(HR 0.81, 95%CI 0.70, 0.93) compared with untreated

persons. Those with more advanced fibrosis had a greater risk
reduction compared with early or no fibrosis. Pegylated
interferon-based regimens were not associated with a reduced
risk of incident diabetes compared with untreated controls
[43].

Effect on Cardiovascular Disease

Chronic hepatitis C (CHC) virus infection is independent-
ly associated with increased risk of cardiovascular disease
(CVD). After adjusting for other risk factors, CHC infec-
tion is associated with a 27% increase in risk of CVD
events compared with uninfected controls [44]. HCV-
related atherosclerotic risk also has basis in pro-
atherogenic mechanisms, demonstrated in carotid plaques
[45–47] as well as differential prevalence of traditional
CVD risk factors such as insulin resistance and diabetes
[48]. In a recent study of 12,667 DAA-treated persons and
CVD-risk matched controls (based on baseline atheroscle-
rotic cardiovascular disease score), DAA treatment was
associated with a 43% reduction in risk of incident CVD
events [49]. The same study also demonstrated a 22%
reduction in risk of incident CVD events among those
treated with a pegylated interferon plus ribavirin regimen.
Attainment of SVR was associated with a 13% reduction
in risk compared with those who did not attain SVR.

There is limited understanding on how HCV therapy ame-
liorates risk of cardiovascular disease. In a prospective study,
Petta et al. evaluated changes in carotid atherosclerosis in
patients with advanced liver fibrosis/cirrhosis undergoing
anti-HCV therapy with DAA-based regimens [50]. They dem-
onstrated decrease in intimal medial thickness 9–12 months
after completion of therapy. The results held true when pa-
tients were stratified by cardiovascular risk factors and liver
disease severity. Further studies are needed to understand the
interaction of HCV therapy and resultant changes inmetabolic
factors on cardiovascular outcomes.

Effect on Renal Disease

CHC virus infection is associated with classic renal complica-
tions such as albuminuria and glomerulonephritides [51, 52].
However, there is conflicting evidence on the effect of CHC
virus infection on incident kidney disease and worsening of
pre-existing kidney disease. A study from a large VA cohort
between 2001 and 2014 compared newly seroconverted HCV-
infected Veterans with HCV-uninfected Veterans. CHC virus
infection was associated with decreased incidence of ad-
vanced chronic kidney disease (CKD; CKD stage 3–5) and
unchanged risk of progression of CKD (decline in estimated
glomerular filtration rate > 30 mL/min/1.73 m2) [53]. While
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lack of association of HCVwith renal disease has been report-
ed in some studies [54, 55], other studies including a large
meta-analysis have supported this association [56–59]. There
are limited data on the effect of DAA regimens on renal func-
tion in CHC virus–infected individuals. In a small, single-
center study, patients who achieved SVR in response to
DAA therapy were compared to a retrospective cohort of un-
treated HCV-infected patients. There was no significant dif-
ference in renal function decline between these groups after a
short-term follow-up of 1–2 years [60]. Larger studies with
longer term follow-up are warranted to establish the effect of
DAA based HCV therapy on renal function.

Effect on Health-Related Quality of Life
(HRQOL) and Patient Reported Outcomes

Chronic pain, fibromyalgia, and fatigue are common
symptoms in patients with CHC virus infection and affect
HRQOL, in both patients with and without significant
fibrosis. These manifestations of CHC virus infection
add to the economic burden by direct healthcare costs
and loss of productivity. In clinical trials of DAA regi-
mens, patient-related outcomes (PROs) have been
assessed by standardized questionnaires and suggest
short-term benefits of these regimens on PROs. Their gen-
eralizability to the real-world setting and the long-term
sustainability of improvements in PROs is unclear. Early
in the DAA era, Younossi et al. compared PROs in pa-
tients who received interferon, sofosbuvir, and ribavirin
(genotype1) to those who received sofosbuvir and ribavi-
rin (genotype2/3) and showed PROs are adversely affect-
ed by use of interferon during treatment [61, 62]. Patients
who achieved SVR had significant improvement in PROs
regardless of the regimen used. In subsequent clinical tri-
als in cirrhotic as well as non-cirrhotic patients (ION and
ASTRAL trials), similar results were seen [63–65]. In
addition, SVR was associated with improvement in
HRQOL regardless of fibrosis stage [66]. Mixed PRO
response was noted during treatment with DAA regimens
containing ribavirin [63–65, 67]. But PRO response was
comparable in few weeks after attainment of SVR in both
ribavirin-free and ribavirin-containing regimens suggest-
ing that the effect of ribavirin on PROs is transient, likely
to be secondary to anemia. In an analysis of blood sam-
ples of 100 patients undergoing treatment in these trials,
central fatigue and peripheral fatigue was noted to be as-
sociated with different markers [63]. Reductions in levels
of chemokine ligand 2 were associated with persistence of
fatigue after SVR. Long-term follow-up studies on trial
patients are needed to provide information on the durabil-
ity of PRO response.

Summary

In addition to liver-related complications, CHC virus infection
is associated with multiple extra hepatic manifestations which
increase the morbidity and mortality burden. DAA regimens
have changed the landscape of HCV management by making
treatment safer, tolerable, and more effective. In addition to
viral long-term viral eradication, treatment with DAA regi-
mens is associated with reduction in all-cause mortality, car-
diovascular, metabolic, renal, and hematologic/oncologic
complications, as well as improvement in HRQOL.
Improvement in extrahepatic outcomes is additional strong
evidence to advocate treatment for all CHC virus infected
persons.

Compliance with Ethical Standards

Conflict of Interest No potential conflicts of interest relevant to this
article were reported.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

1. WHO Hepatitis C Factsheet. http://www.who.int/news-room/fact-
sheets/detail/hepatitis-c. 2018. Accessed 26 Nov 2018.

2. LeeMH, YangHI, Lu SN, Jen CL,You SL,Wang LY, et al. Chronic
hepatitis C virus infection increases mortality from hepatic and
extrahepatic diseases: a community-based long-term prospective
study. J Infect Dis. 2012;206(4):469–77.

3. Petta S, Maida M, Macaluso FS, et al. Hepatitis C virus infection is
associated with increased cardiovascular mortality: a meta-analysis
of observational studies. Gastroenterology. 2016;150(1):145–
155.e144 quiz e115–146.

4. Cacoub P, Buggisch P, Carrión JA, Cooke GS, Zignego AL,
Beckerman R, et al. Direct medical costs associated with the extra-
hepatic manifestations of hepatitis C infection in Europe. J Viral
Hepat. 2018;25(7):811–7.

5. Younossi ZM, Singer ME, Mir HM, Henry L, Hunt S. Impact of
interferon free regimens on clinical and cost outcomes for chronic
hepatitis C genotype 1 patients. J Hepatol. 2014;60(3):530–7.

6. Cacoub P, Poynard T, Ghillani P, Charlotte F, Olivi M, Charles
Piette J, et al. Extrahepatic manifestations of chronic hepatitis C.
MULTIVIRC group. Multidepartment virus C. Arthritis Rheum.
1999;42(10):2204–12.

7. Cacoub P, Renou C, Rosenthal E, Cohen P, Loury I, Loustaud-Ratti
V, et al. Extrahepatic manifestations associated with hepatitis C
virus infection. A prospective multicenter study of 321 patients.
The GERMIVIC. Groupe d'Etude et de Recherche en Medecine
Interne et Maladies Infectieuses sur le Virus de l'Hepatite C.
Medicine (Baltimore). 2000;79(1):47–56.

8. Ramos-CasalsM, ZignegoAL, Ferri C, Brito-Zerón P, Retamozo S,
Casato M, et al. Evidence-based recommendations on the manage-
ment of extrahepatic manifestations of chronic hepatitis C virus
infection. J Hepatol. 2017;66(6):1282–99.

Curr HIV/AIDS Rep (2019) 39416:389–392

http://www.who.int/news-room/fact-sheets/detail/hepatitis-c
http://www.who.int/news-room/fact-sheets/detail/hepatitis-c


9. Golabi P, Sayiner M, Bush H, Gerber LH, Younossi ZM. Patient-
reported outcomes and fatigue in patients with chronic hepatitis C
infection. Clin Liver Dis. 2017;21(3):565–78.

10. Backus LI, Belperio PS, Shahoumian TA, Mole LA. Direct-acting
antiviral sustained virologic response: impact on mortality in pa-
tients without advanced liver disease. Hepatology. 2018;68(3):827–
38.

11. Butt AA, Yan P, Simon TG,Abou-Samra AB. Effect of paritaprevir/
ritonavir/ombitasvir/dasabuvir and ledipasvir/sofosbuvir regimens
on survival compared with untreated hepatitis C virus-infected per-
sons: results from ERCHIVES. Clin Infect Dis. 2017;65(6):1006–
11.

12. Foster GR, Irving WL, Cheung MC, Walker AJ, Hudson BE,
Verma S, et al. Impact of direct acting antiviral therapy in patients
with chronic hepatitis C and decompensated cirrhosis. J Hepatol.
2016;64(6):1224–31.

13. Li DK, Ren Y, Fierer DS, Rutledge S, Shaikh OS, Lo Re V III, et al.
The short-term incidence of hepatocellular carcinoma is not in-
creased after hepatitis C treatment with direct-acting antivirals: an
ERCHIVES study. Hepatology. 2018;67(6):2244–53.

14. Agnello V, Chung RT, Kaplan LM. A role for hepatitis C virus
infection in type II cryoglobulinemia. N Engl J Med.
1992;327(21):1490–5.

15. Misiani R, Bellavita P, Fenili D, Borelli G, Marchesi D, Massazza
M, et al. Hepatitis C virus infection in patients with essential mixed
cryoglobulinemia. Ann Intern Med. 1992;117(7):573–7.

16. Donada C, Crucitti A, Donadon V, Tommasi L, Zanette G, Crovatto
M, et al. Systemic manifestations and liver disease in patients with
chronic hepatitis C and type II or III mixed cryoglobulinaemia. J
Viral Hepat. 1998;5(3):179–85.

17. Fabrizi F, Dixit V, Messa P. Antiviral therapy of symptomatic HCV-
associated mixed cryoglobulinemia: meta-analysis of clinical stud-
ies. J Med Virol. 2013;85(6):1019–27.

18. Bonacci M, Lens S, Londoño MC, Mariño Z, Cid MC, Ramos-
Casals M, et al. Virologic, clinical, and immune response outcomes
of patients with hepatitis C virus-associated cryoglobulinemia treat-
ed with direct-acting antivirals. Clin Gastroenterol Hepatol.
2017;15(4):575–583.e571.

19. Cacoub P, Si Ahmed SN, Ferfar Y, et al. Long-term efficacy of
interferon-free antiviral treatment regimens in patients with hepati-
tis C virus-associated cryoglobulinemia vasculitis. Clin
Gastroenterol Hepatol. 2019 Feb;17(3):518-526.

20. Emery JS, Kuczynski M, La D, et al. Efficacy and safety of direct
acting antivirals for the treatment of mixed cryoglobulinemia. Am J
Gastroenterol. 2017;112(8):1298–308.

21. Gragnani L, Visentini M, Fognani E, Urraro T, de Santis A,
Petraccia L, et al. Prospective study of guideline-tailored therapy
with direct-acting antivirals for hepatitis C virus-associated mixed
cryoglobulinemia. Hepatology. 2016;64(5):1473–82.

22. Sise ME, BloomAK,Wisocky J, LinMV, Gustafson JL, Lundquist
AL, et al. Treatment of hepatitis C virus-associated mixed
cryoglobulinemia with direct-acting antiviral agents. Hepatology.
2016;63(2):408–17.

23. Saadoun D, Pol S, Ferfar Y, et al. Efficacy and safety of Sofosbuvir
plus Daclatasvir for treatment of HCV-associated cryoglobulinemia
vasculitis. Gastroenterology. 2017;153(1):49–52.e45.

24. Comarmond C, Garrido M, Pol S, Desbois AC, Costopoulos M, le
Garff-Tavernier M, et al. Direct-acting antiviral therapy restores
immune tolerance to patients with hepatitis C virus-induced
cryoglobulinemia vasculitis. Gastroenterology. 2017;152(8):2052–
2062.e2052.

25. Sollima S, Milazzo L, Peri AM, Torre A, Antinori S, Galli M.
Persistent mixed cryoglobulinaemia vasculitis despite hepatitis C
virus eradication after interferon-free antiviral therapy.
Rheumatology (Oxford). 2016;55(11):2084–5.

26. Arcaini L, Vallisa D, Rattotti S, Ferretti VV, Ferreri AJM, Bernuzzi
P, et al. Antiviral treatment in patients with indolent B-cell lympho-
mas associated with HCV infection: a study of the Fondazione
Italiana Linfomi. Ann Oncol. 2014;25(7):1404–10.

27. Dal Maso L, Franceschi S. Hepatitis C virus and risk of lymphoma
and other lymphoid neoplasms: a meta-analysis of epidemiologic
studies. Cancer Epidemiol Biomark Prev. 2006;15(11):2078–85.

28. Michot JM, Canioni D, Driss H, Alric L, Cacoub P, Suarez F, et al.
Antiviral therapy is associated with a better survival in patients with
hepatitis C virus and B-cell non-Hodgkin lymphomas, ANRS HC-
13 lympho-C study. Am J Hematol. 2015;90(3):197–203.

29. Peveling-Oberhag J, Arcaini L, Bankov K, Zeuzem S, Herrmann E.
The anti-lymphoma activity of antiviral therapy in HCV-associated
B-cell non-Hodgkin lymphomas: a meta-analysis. J Viral Hepat.
2016;23(7):536–44.

30. Pozzato G,Mazzaro C, Dal Maso L,Mauro E, Zorat F, Moratelli G,
et al. Hepatitis C virus and non-Hodgkin's lymphomas: meta-
analysis of epidemiology data and therapy options. World J
Hepatol. 2016;8(2):107–16.

31. Landau DA, Saadoun D, Halfon P, Martinot-Peignoux M,
Marcellin P, Fois E, et al. Relapse of hepatitis C virus-associated
mixed cryoglobulinemia vasculitis in patients with sustained viral
response. Arthritis Rheum. 2008;58(2):604–11.

32. Rasul I, Shepherd FA, Kamel-Reid S, Krajden M, Pantalony D,
Heathcote EJ. Detection of occult low-grade b-cell non-Hodgkin's
lymphoma in patients with chronic hepatitis C infection and mixed
cryoglobulinemia. Hepatology. 1999;29(2):543–7.

33. Arcaini L, Besson C, Frigeni M, Fontaine H, Goldaniga M, Casato
M, et al. Interferon-free antiviral treatment in B-cell lymphoprolif-
erative disorders associated with hepatitis C virus infection. Blood.
2016;128(21):2527–32.

34. Carrier P, Jaccard A, Jacques J, Tabouret T, Debette-Gratien M,
Abraham J, et al. HCV-associated B-cell non-Hodgkin lymphomas
and new direct antiviral agents. Liver Int. 2015;35(10):2222–7.

35. Economides MP, Mahale P, Kyvernitakis A, Turturro F, Kantarjian
H, Naing A, et al. Concomitant use of direct-acting antivirals and
chemotherapy in hepatitis C virus-infected patients with cancer.
Aliment Pharmacol Ther. 2016;44(11–12):1235–41.

36. Persico M, Aglitti A, Caruso R, de Renzo A, Selleri C, Califano C,
et al. Efficacy and safety of new direct antiviral agents in hepatitis C
virus-infected patients with diffuse large B-cell non-Hodgkin's lym-
phoma. Hepatology. 2018;67(1):48–55.

37. Ciancio A, Bosio R, Bo S, Pellegrini M, SaccoM, Vogliotti E, et al.
Significant improvement of glycemic control in diabetic patients
with HCV infection responding to direct-acting antiviral agents. J
Med Virol. 2018;90(2):320–7.

38. Li J, Zhang T, Gordon SC, Rupp LB, Trudeau S, Holmberg SD,
et al. Impact of sustained virologic response on risk of type 2 dia-
betes among hepatitis C patients in the United States. J Viral Hepat.
2018;25(8):952–8.

39. Pavone P, Tieghi T, d'Ettorre G, et al. Rapid decline of fasting
glucose in HCV diabetic patients treated with direct-acting antiviral
agents. Clin Microbiol Infect. 2016;22(5):462.e461–3.

40. Weidner P, Boettche D, Zimmerer T, Burgermeister E, Teufel A,
Ebert MPA, et al. Impact of direct acting antiviral (DAA) treatment
on glucose metabolism and reduction of pre-diabetes in patients
with chronic hepatitis C. J Gastrointestin Liver Dis. 2018;27(3):
281–9.

41. Beig J, Orr D, Harrison B, Gane E. Hepatitis C virus eradication
with new interferon-free treatment improves metabolic profile in
hepatitis C virus-related liver transplant recipients. Liver Transpl.
2018;24(8):1031–9.

42. Hum J, Jou JH, Green PK, BerryK, Lundblad J, Hettinger BD, et al.
Improvement in glycemic control of type 2 diabetes after successful
treatment of hepatitis C virus. Diabetes Care. 2017;40(9):1173–80.

Curr HIV/AIDS Rep (2019) 39416:389– 393



43. Butt AA, Yan P, Aslam S, Shaikh OS, Abou-Samra AB. Hepatitis C
virus treatment with directly acting agents reduces the risk of inci-
dent diabetes - results from ERCHIVES. Clin Infect Dis. 2019.

44. Butt AA, Xiaoqiang W, Budoff M, Leaf D, Kuller LH, Justice AC.
Hepatitis C virus infection and the risk of coronary disease. Clin
Infect Dis. 2009;49(2):225–32.

45. Adinolfi LE, Zampino R, Restivo L, Lonardo A, Guerrera B,
Marrone A, et al. Chronic hepatitis C virus infection and athero-
sclerosis: clinical impact and mechanisms. World J Gastroenterol.
2014;20(13):3410–7.

46. Boddi M, Abbate R, Chellini B, Giusti B, Giannini C, Pratesi G,
et al. Hepatitis C virus RNA localization in human carotid plaques.
J Clin Virol. 2010;47(1):72–5.

47. Petta S. Hepatitis C virus and cardiovascular: a review. J Adv Res.
2017;8(2):161–8.

48. Adinolfi LE, Restivo L, Zampino R, Guerrera B, Lonardo A,
Ruggiero L, et al. Chronic HCV infection is a risk of atherosclero-
sis. Role of HCV and HCV-related steatosis. Atherosclerosis.
2012;221(2):496–502.

49. Butt AA, Yan P, Shuaib A, Abou-Samra AB, Shaikh OS, Freiberg
MS. Direct-acting antiviral therapy for HCV infection is associated
with a reduced risk of cardiovascular disease events.
Gastroenterology. 2018.

50. Petta S, Adinolfi LE, Fracanzani AL, Rini F, Caldarella R,
Calvaruso V, et al. Hepatitis C virus eradication by direct-acting
antiviral agents improves carotid atherosclerosis in patients with
severe liver fibrosis. J Hepatol. 2018;69(1):18–24.

51. Fabrizi F, Plaisier E, Saadoun D, Martin P, Messa P, Cacoub P.
Hepatitis C virus infection, mixed cryoglobulinemia, and kidney
disease. Am J Kidney Dis. 2013;61(4):623–37.

52. Liangpunsakul S, Chalasani N. Relationship between hepatitis C
and microalbuminuria: results from the NHANES III. Kidney Int.
2005;67(1):285–90.

53. Rogal SS, Yan P, Rimland D, et al. Incidence and progression of
chronic kidney disease after hepatitis C seroconversion: results
from ERCHIVES. Dig Dis Sci. 2016;61(3):930–6.

54. Asrani SK, Buchanan P, Pinsky B, Rey LR, Schnitzler M, Kanwal
F. Lack of association between hepatitis C infection and chronic
kidney disease. Clin Gastroenterol Hepatol. 2010;8(1):79–84.

55. Moe SM, Pampalone AJ, Ofner S, Rosenman M, Teal E, Hui SL.
Association of hepatitis C virus infection with prevalence and de-
velopment of kidney disease. Am J Kidney Dis. 2008;51(6):885–
92.

56. Fabrizi F, Verdesca S, Messa P, Martin P. Hepatitis C virus infection
increases the risk of developing chronic kidney disease: a system-
atic review and meta-analysis. Dig Dis Sci. 2015;60(12):3801–13.

57. Molnar MZ, Alhourani HM, Wall BM, Lu JL, Streja E, Kalantar-
Zadeh K, et al. Association of hepatitis C viral infection with

incidence and progression of chronic kidney disease in a large co-
hort of US veterans. Hepatology. 2015;61(5):1495–502.

58. Su FH, Su CT, Chang SN, Chen PC, Sung FC, Lin CC, et al.
Association of hepatitis C virus infection with risk of ESRD: a
population-based study. Am J Kidney Dis. 2012;60(4):553–60.

59. Tsui JI, Vittinghoff E, Shlipak MG, Bertenthal D, Inadomi J,
Rodriguez RA, et al. Association of hepatitis C seropositivity with
increased risk for developing end-stage renal disease. Arch Intern
Med. 2007;167(12):1271–6.

60. Aby ES, Dong TS, Kawamoto J, Pisegna JR, Benhammou JN.
Impact of sustained virologic response on chronic kidney disease
progression in hepatitis C. World J Hepatol. 2017;9(36):1352–60.

61. Younossi ZM, Stepanova M, Henry L, et al. Effects of sofosbuvir-
based treatment, with and without interferon, on outcome and pro-
ductivity of patients with chronic hepatitis C. Clin Gastroenterol
Hepatol. 2014;12(8):1349–1359.e1313.

62. Younossi ZM, Stepanova M, Zeuzem S, Dusheiko G, Esteban R,
Hezode C, et al. Patient-reported outcomes assessment in chronic
hepatitis C treated with sofosbuvir and ribavirin: the VALENCE
study. J Hepatol. 2014;61(2):228–34.

63. Gerber L, Estep M, Stepanova M, Escheik C, Weinstein A,
Younossi ZM. Effects of viral eradication with ledipasvir and
sofosbuvir, with or without ribavirin, on measures of fatigue in
patients with chronic hepatitis C virus infection. Clin
Gastroenterol Hepatol. 2016;14(1):156–164.e153.

64. Younossi ZM, Stepanova M, Marcellin P, Afdhal N, Kowdley KV,
Zeuzem S, et al. Treatment with ledipasvir and sofosbuvir improves
patient-reported outcomes: results from the ION-1, -2, and -3 clin-
ical trials. Hepatology. 2015;61(6):1798–808.

65. Younossi ZM, Stepanova M, Feld J, et al. Sofosbuvir and
velpatasvir combination improves patient-reported outcomes for
patients with HCV infection, without or with compensated or de-
compensated cirrhosis. Clin Gastroenterol Hepatol. 2017;15(3):
421–430.e426.

66. Younossi ZM, Stepanova M, Afdhal N, Kowdley KV, Zeuzem S,
Henry L, et al. Improvement of health-related quality of life and
work productivity in chronic hepatitis C patients with early and
advanced fibrosis treated with ledipasvir and sofosbuvir. J
Hepatol. 2015;63(2):337–45.

67. Younossi ZM, Stepanova M, Charlton M, Curry MP, O'Leary JG,
Brown RS, et al. Patient-reported outcomes with sofosbuvir and
velpatasvir with or without ribavirin for hepatitis C virus-related
decompensated cirrhosis: an exploratory analysis from the
randomised, open-label ASTRAL-4 phase 3 trial. Lancet
Gastroenterol Hepatol. 2016;1(2):122–32.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Curr HIV/AIDS Rep (2019) 39416:389–394


	Impact of Direct Acting Antiviral Agent Therapy upon Extrahepatic Manifestations of Hepatitis C Virus Infection
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Effect on All-Cause Mortality
	Effect on Mixed Cryoglobulinemia

	Effect on HCV-Associated Lymphoma
	Effect on Diabetes and Metabolic Syndrome
	Effect on Cardiovascular Disease
	Effect on Renal Disease
	Effect on Health-Related Quality of Life (HRQOL) and Patient Reported Outcomes
	Summary
	References




