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Abstract
Cancer patients have unique problems associated with hepatitis C virus (HCV) infection and treatment not seen in the general population. HCV infection poses additional challenges and considerations for the management of cancer, and vice versa. HCV infection also can lead to the development of cancer, particularly hepatocellular carcinoma and non-Hodgkin lymphoma. In severely immunocompromised cancer patients, diagnosis of HCV infection requires increased reliance on RNA detection techniques. HCV infection can affect chemotherapy, and delay of HCV infection treatment until completion of chemotherapy and achievement of cancer remission may be required to decrease the potential for drug-drug interactions between antineoplastic agents and HCV therapeutics and potentiation of side effects of these agents. In addition, hematopoietic stem cell transplant (HSCT) recipients have an increased risk of early development of cirrhosis and fibrosis. Whether this increased risk applies to all patients regardless of cancer treatment is unknown. Furthermore, patients with cancer may have poorer sustained virological responses to HCV infection treatment than do those without cancer. Unfortunately, not all cancer patients are candidates for HCV infection therapy. In this article, we review the challenges in managing HCV infection in cancer patients and HSCT recipients.
(2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Hepatitis C virus (HCV) infection adds complexity to treatment considerations of cancer patients. This is amplified by the absence of standard of care guidelines for the management of cancer patients with HCV infection. Not only can HCV infection result in the development hepatocellular cancer and non-Hodgkin’s lymphoma, but the presence of HCV infection in cancer patients can affect the treatment of malignancies with antineoplastic chemotherapies. Side effects of HCV therapy can be exacerbated in cancer patients due to underlying cytopenias and comorbidities. In those patients treated for HCV infection, cancer patients have poorer response to treatment than the general non-cancer population.
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INTRODUCTION

Hepatitis C virus (HCV) is the most common blood-borne pathogen in the United States, infecting an estimated 2.7-3.9 million people or roughly 1.0%-1.5% of the population1


[  ADDIN EN.CITE ]
. Chronic HCV infection is the principal cause of liver disease-related deaths and the leading indication for liver transplantation in the United States2[]
. HCV infection can also result in the development of hepatocellular carcinoma (HCC) and lymphoma, especially non-Hodgkin lymphoma
 ADDIN EN.CITE 
[3, 4]
. In 2010, the incidence of new HCV infections in the United States was estimated to be about 17000 per year1


[ ADDIN EN.CITE ]
. Although effective treatments that clear HCV infection are available, most affected individuals do not know they are infected1


[ ADDIN EN.CITE ]
. Cancer patients pose unique challenges to the management and treatment of chronic HCV. In this patient population, there is an increased risk of liver disease progression, occurrence of occult HCV infection, development of viral reactivation, and no standard of care to guide how and when to treat such patients. In this article, we review the challenges in managing HCV infection in cancer patients and hematopoietic stem cell transplant (HSCT) recipients.
HCV INFECTION PREVALENCE IN CANCER PATIENTS 
Although chronic HCV infection is common in cancer patients, studies of HCV infection in this population are lacking. Hence, the natural history of HCV infection and infection treatment outcomes in cancer patients are poorly understood. The known facts about HCV infection in cancer patients are limited. Estimates of the prevalence of HCV infection in cancer patients range from 1.5% to 32%5-8


[ ADDIN EN.CITE ]
.
DOES HCV INFECTION MANAGEMENT DIFFER IN PATIENTS WITH AND WITHOUT CANCER? 

Management of HCV infection is more challenging in patients with cancer than in those without it given several diagnostic and therapeutic differences in these two patient groups (Table 1). 
Diagnostic challenges

Cancer patients, especially those with hematologic malignancies, can have false-negative results of serological tests using antibodies against HCV. In some of these severely immunocompromised patients, conventional detection of anti-HCV antibodies is not sufficient for diagnosis, necessitating polymerase chain reaction analysis for HCV RNA quantitation in blood to identify patients with occult infections
 ADDIN EN.CITE 
[9-12]
. Additionally, following chemotherapy, HCV reactivation can occur13[]
 as described below.
HSCT recipients with HCV infection have a greater risk of early cirrhosis and higher rate of fibrosis progression than do HCV-infected patients who do not undergo this transplantation. For example, researchers observed an expected median time to the development of cirrhosis of 18 years in HSCT recipients with chronic HCV infection but 40 years in control patients with chronic HCV infection who did not receive HSCTs
 ADDIN EN.CITE 
[14]
. Cirrhosis may be a contraindication to high-dose conditioning regimens for HSCTs. Therefore, physicians should consider performing a liver biopsy before the start of conditioning therapy if they have a clinical suspicion of cirrhosis or extensive fibrosis resulting from chronic viral infection, including HCV infection, irrespective of the virus’s genotype 
 ADDIN EN.CITE 
[10, 14]
.

Therapeutic challenges

No standard of treatment exists for patients with cancer and HCV infection. Treatment of this infection can mitigate specific risks in certain cancer patients. Unfortunately, evidence-based knowledge regarding the effects of treatment of HCV infection in cancer patients is lacking. This is likely reflective of exclusion of cancer patients from trials of HCV therapeutics owing in part to baseline hematological abnormalities frequently observed in cancer patients.

In our retrospective study, we have observed poor efficacy of antiviral treatment in HCV-infected cancer patients is a concern, as well. A sustained virological responses (SVRs) was observed in 11 (41%) of 27 cancer patients with chronic HCV infection15[]
. Of the 11 patients, 3 had genotype 1 infection, and none of these patients achieved SVR.
HCV GENOTYPE DISTRIBUTION IN CANCER PATIENTS

HCV is genetically heterogeneous, with seven unique identifiable genotypes
 ADDIN EN.CITE 
[16,17]
. These genotypes exhibit variable geographical distribution worldwide, with genotype 1 occurring most frequently in the United States, followed by genotypes 2 and 3
 ADDIN EN.CITE 
[18]
. In a retrospective multicenter study, we examined the distribution of HCV genotypes in 636 patients with proven HCV infection (detectable HCV RNA). We found that genotype 1 was the predominant genotype in cancer patients, with a prevalence of about 66%; in comparison, the prevalence of this genotype was 84% in immunocompetent patients and 99% in patients co-infected with HCV and human immunodeficiency virus
 ADDIN EN.CITE 
[19]
. Also, genotypes 2 and 3 were more common in cancer patients than in the general population
 ADDIN EN.CITE 
[19]
. HCV genotype 2 was most prevalent in lymphoma patients and resulted in a threefold greater risk of lymphoma than did the other genotypes
 ADDIN EN.CITE 
[19]
. These findings provide evidence that the distribution of HCV genotypes 1, 2, and 3 differs by underlying disease status among patients in the same geographic region and suggest a carcinogenic association for some genotypes.
TREATMENT OF HCV INFECTION IN CANCER PATIENTS

Cancer patients benefit from treatment of their HCV infections in several ways20[]
. As in the general population21[]
, the potential benefits of SVRs to this treatment include longevity of response and impact on clinical events such as prevention of liver disease progression, and improved survival.
The durability of SVR seems to be unaffected by chemotherapy in cancer patients. In one study at our center of 30 HCV-infected cancer patients who had SVRs before cancer diagnosis and then received chemotherapy or immunosuppressive therapy, none of them had post-SVR relapse of their infections following cancer treatment22[]
.

Compared with those who do not have responses to pegylated interferon (pegIFN) alpha-2 and ribavirin therapy, noncancer patients who undergo successful treatment of HCV infections have fewer hepatic complications, lower liver disease-related mortality rates, and lower HCC incidence rates 21[]
. Similarly, among 140 cancer patients with chronic HCV infection seen in our institution, we observed progression of liver disease to cirrhosis and portal hypertension in 7% and 9% of the untreated patients, respectively 15[]
. None of the patients who received treatment of HCV infection had progression of liver disease. Furthermore, HCV infection treatment is associated with reduced risk of cancer recurrence and improved survival rates in patients with HCV-related HCC
 ADDIN EN.CITE 
[23,24]
. HCV infection increases mortality risk in the posttransplantation period in HSCT recipients
 ADDIN EN.CITE 
[25]
. Therefore, HCV infection treatment should be considered for all eligible HSCT recipients10[]
, including cancer patients.

In some instances, HCV infection can be eradicated prior to the start of immunosuppressive therapy for cancer. This is of particular interest to oncologists because HCV reactivation can occur following chemotherapy13[]
 and lead to discontinuation of or dose reduction for potentially life-saving chemotherapy26[]
.

CHALLENGES IN MANAGING HCV INFECTION THERAPY IN CANCER PATIENTS

Side effects of treatment of HCV infections are common in the general population 
 ADDIN EN.CITE 
[27-29]
. Adverse events of HCV therapy that, in our experience, can be worse in patients than in those without it are listed in Table 2. For example, HCV infection treatment-related anemia and other blood abnormalities can be more profound in cancer patients. Not uncommonly, pretreatment baseline hemoglobin levels are decreased, especially in patients with hematological malignancies. As reported in patients without cancer, initiation of HCV infection treatment can be associated with a rapid drop in hemoglobin level in recipients of first-generation protease inhibitors (e.g., telaprevir, boceprevir) along with pegIFN alpha-2 plus ribavirin. This adverse effect seems to be more common in these patients than in recipients of dual therapy with pegIFN and ribavirin alone30[]
. Similarly, other types of cytopenia can be encountered in cancer patients at baseline before treatment of HCV infection, such as leukopenia, thrombocytopenia, and neutropenia. These effects also can be profound in these patients upon initiation of HCV infection therapy, necessitating dose reduction for anti-HCV medications.

Use of hematopoietic growth factors may be required to restore baseline hemoglobin levels, white blood cell counts, and platelet counts and help maintain and complete full-dose antiviral therapy for chronic HCV infections in cancer patients. In a series of cancer patients receiving treatment of HCV infection at our institution from 2009 to 2012, 24 (86%) of 28 patients experienced antiviral-induced hematotoxic effects31[]
. We administered growth factors (e.g., erythropoietin, granulocyte-macrophage colony-stimulating factor, thrombopoietin) to 15 patients (54%); with 9 (60%) of these patients received more than one growth factor. Patients who completed antiviral therapy were numerically more likely to have received growth factors than were those who did not (83% vs 63%, P = 0.6). More patients undergoing dual therapy than those undergoing triple therapy with first-generation protease inhibitors were able to complete their antiviral regimens when growth factors were included (0% vs 50%, P = 0.1). Overall, maintenance of treatment with full-dose antivirals was more common in those who received growth factors than in those who did not (100% vs 33%, P = 0.01); this was especially true for pegIFN alpha-2 (100% vs 17%, P = 0.04) and ribavirin (75% vs 36%, P = 0.3). We observed no major side effects with the use of other growth factors. The effect of dose reduction for anti-HCV medications and/or growth factors on the efficacy of treatment of this infection in cancer patients remains to be determined.

Psychiatric disorders, such as severe depression, adjustment disorder, anxiety, and bipolar disorder, are not uncommon in cancer patients 32[]
. Furthermore, depression is a major comorbidity in HCV-infected cancer patients, even in untreated individuals33[]
. Uncontrolled major depression is an exclusionary criterion for initiation of HCV infection treatment with interferon 2[]
. Cancer patients may experience depression at any time throughout the course of their disease, ranging from prior to and during cancer treatment to even the post treatment survivorship period
 ADDIN EN.CITE 
[34,35]
.

HCV reactivation is a rare yet important problem in cancer patients, particularly those with hematological malignancies 13[]
. If a patient with chronic HCV infection and cancer experiences viral reactivation while receiving chemotherapy, the management options are to reduce doses in the current chemotherapy regimen, select an alternative chemotherapy regimen with no overlapping hepatotoxic effects, and discontinue chemotherapy.

HOW AND WHEN CAN CANCER PATIENTS RECEIVE TREATMENT OF HCV INFECTION? 

In general, we recommend treatment of HCV infection in cancer survivors without evidence of metastatic disease, which compromises life expectancy. In our practice, we wait at least 6 months after cancer remission before initiating myelosuppressive HCV infection treatment with pegIFN and ribavirin to allow patients’ bone marrow stem cell counts to recover. However, the patient’s cancer can relapse during this period. A discussion with the treating oncologist is recommended to determine the time after which the patient’s cancer is unlikely to relapse. Given our limited clinical understanding of potential drug-drug interactions between HCV therapeutics and chemotherapeutics and chemotherapy tolerability in HCV-infected cancer patients, simultaneous treatment of cancer (e.g., chemotherapy, radiation therapy) and HCV infection should be avoided. Also, HCV infection treatment can be administered to HSCT recipients who meet the following criteria: complete remission of the original disease, a period of at least 2 years since the HSCT, no evidence of protracted acute or chronic graft-vs-host disease, no immunosuppressive therapy for at least 6 months, and normal blood counts and serum creatinine levels10[]
. An overview for managing cancer patients with chronic HCV infection is outlined in Figure 1. Clinical experience with use of direct-acting antivirals in cancer survivors is very limited and and thus requires further research.
CONCLUSION
HCV infection is a unique challenge in the management of cancer patients. These challenges include an increased risk for liver disease progression, occurrence of occult HCV infection and development of viral reactivation. The potential manifestation of underlying psychiatric disorders before or during HCV therapy requires close monitoring and intervention as warranted. All these challenges are confounded by the fact that there is no standard of care for HCV management and treatment of patients with malignancies. HCV-infected cancer patients suitable for antiviral therapy may benefit from it because of the HCV-related complications or poor survival rates seen in cancer patients and HSCT recipients with HCV infection who do not receive this therapy. However, this treatment requires close monitoring for side effects. Use of hematopoietic growth factors enables continuation of antiviral treatment in some cases. However, antiviral dose reductions may be necessary because of underlying baseline hematological deficiencies or severe adverse treatment responses. Experience with direct-acting antivirals in this patient population is very limited. The cost-effectiveness and benefit-adverse reactions ratio have yet to be clearly delineated. More research is required to establish these parameters. More effective and better tolerated antivirals are urgently needed to treat HCV-infected cancer patients.
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Cancer patient with chronic HCV Infection


Evidence of metastatic disease


 
Yes, then monitor HCV

infection



No

Six months after cancer remission


           No, then monitor HCV

infection



Yes




Candidate for HCV therapy1



No, then monitor HCV

infection



Yes




Initiate pegIFN plus ribavirin +/- protease inhibitor or other
direct-acting antiviral agents based on infecting genotype

Monitor laboratory parameters and side effects (Table 2)

Other side effects,










treat accordingly
Significant treatment-related                                          No, then monitor hcv
hematological toxicity                                                        therapy response



Yes

Consider pegIFN and/or ribavirin dose reduction, administer
hematopoietic growth factors, transfusions, treatment discontinuation

Monitor HCV therapy response
Figure 1 Algorithm for managing chronic hepatitis C virus infection in cancer patients. 1At least 6 mo after cancer remission before initiating myelosuppressive hepatitis C virus (HCV) treatment with interferon-based therapy. Wait 2 years after hematopoietic stem cell transplant before initiation of interferon-based HCV therapy for patients with normal serum creatinine, normal blood counts, off immunosuppressive therapy > 6 mo, and without evidence of original disease recurrence or graft versus host disease10[]
. pegIFN: Pegylated interferon.
Table 1
Differences on hepatitis C virus infection in cancer patients compared to those without cancer

	Occurrence of occult infection

Higher risk of developing early cirrhosis

Higher rate of fibrosis progression

Development of viral reactivation

No standard of care treatment

Worse virological outcome


Table 2
Side effects of drugs used to treat hepatitis C virusinfection that can be exacerbated in hepatitis C virus-infected cancer patients
	Interferon and ribavirin

	Fatigue

Flu-like syndrome

Nausea and vomiting

Low-grade fever

Weight loss

Irritability

Insomnia

Depression

Anemia

Thrombocytopenia

Neutropenia

Pruritus

Rashes

Dyspnea

Poor appetite

Difficulty concentrating

Severe infections (bacterial, fungal, or viral)

	First generation protease inhibitors 

Boceprevir

	Anemia

Renal impairment



	Telaprevir

	Anemia

Rash

Gastrointestinal side effects (diarrhea and rectal burning)

Renal impairment
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