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Abstract

Background—Adding telaprevir to pegylated-interferon and ribavirin increased both response
rates and side effects of hepatitis C virus (HCV) treatment.

Aims—We identified variables associated with severe anemia during telaprevir-based triple
therapy.

Methods—An observational study was performed on 142 HCV-infected patients between June
2011 and March 2012. All subjects completed 12 weeks of telaprevir-based triple therapy or
discontinued early due to anemia. Severe anemia was defined by a hemoglobin <8.9 g/dL;
advanced fibrosis was determined by Fib-4 =3.25.

Results—The 47 (33%) patients who developed severe anemia were similar to those who did not
in sex, race, and prior response to dual therapy, but they were more likely to have diabetes (23.4%
vs. 6.3%, p<0.01), advanced fibrosis (46.8% vs. 29.5%, p=0.04), and a history of anemia during
previous dual therapy (29.7% vs. 11.4%, p=0.02). Patients developing severe anemia were older
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(59 vs. 56 years, p=0.02), had lower baseline platelet counts (134 vs. 163 x10%/L, p=0.04),
hemoglobin (14.0 vs. 15.0 g/dL, p<0.01), estimated glomerular filtration rate (79 vs. 90 mL/min/
1.73m2, p=0.03), and a higher median ribavirin/weight ratio (14.9 vs. 13.2 mg/kg, p<0.01). In
multivariable logistic regression, presence of diabetes (OR=5.61, 95%Cl: 1.59-19.72), Fib-4
>3.25 (OR=3.09, 95%CIl: 1.28-7.46), higher ribavirin/weight ratio (OR=1.31 per mg/kg, 95%CI:
1.13-1.52), and lower baseline hemoglobin (OR=0.57 per g/dL, 95%CIl, 0.41-0.80) were
independently associated with developing severe anemia.

Conclusions—Severe anemia occurred in one-third of patients receiving telaprevir-based triple
therapy. Risk was greater in patients with diabetes, advanced liver fibrosis, higher ribavirin/weight
ratio and lower baseline hemoglobin.

Keywords

hepatitis C virus; telaprevir; pegylated-interferon; ribavirin; triple therapy; anemia; diabetes
mellitus

INTRODUCTION

The addition of telaprevir (TVR) to dual therapy with pegylated-interferon (PEG-IFN) and
ribavirin (RBV) improved sustained virologic response (SVR) rates in patients with chronic
hepatitis C virus infection (HCV) (1). While generally well tolerated by patients in the
registration trials, TVR has significant side effects, including severe rash that has led to
fatalities in patients outside the registration trials (1-4). Pruritus, gastrointestinal side
effects, and anemia also occur more frequently in patients on TVR-based triple therapy than
in patients on PEG-IFN/RBV dual therapy.

Anemia contributes to a variety of symptoms including fatigue, shortness of breath, and
palpitations, and occurs about twice as frequently during TVR-based triple therapy as during
dual therapy (3). Treatment-related anemia can reduce health-related quality of life (5).
Responding to reports of severe anemia, the FDA recently modified the safety labeling
instructions on TVR to recommend that hemoglobin measurements be made at baseline and
at weeks 2, 4, 8, and 12 during treatment (4). Several strategies are available to manage
anemia. The first adjustment is usually a reduction in the dose of RBV, a modification that
does not appear to reduce SVR rates (6). While this may be sufficient to mitigate mild
anemia, severe anemia may require more intensive management (7). Erythrocyte-stimulating
agents (ESASs) can be used, although they are not FDA approved for this indication, and
their use was not allowed during the initial trials with TVR (8). Further, ESAs have been
associated with a number of adverse events, including worsened hypertension, increased
incidence of venous thromboembolism, and in patients with malignancy, shortened survival
time and reduced time to cancer progression (9). Blood transfusion is a final option for
treating severe anemia, but it is reserved for intractable cases because of its risks (10). If
anemia cannot be controlled, HCV treatment must be discontinued, which greatly increases
the risk of treatment failure.

Previous studies of patients on dual therapy identified older age, lower baseline platelet
count, lower creatinine clearance, and increased rate of hemoglobin decline in the first two
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weeks of treatment as potential risk factors for the development of anemia (4, 11, 12). In
post-hoc analyses of patients in the TVR registration trials, older age, lower body mass
index (BMI), lower baseline hemoglobin levels, advanced liver fibrosis, and a history of
anemia during prior dual therapy were identified as predictors of anemia of any degree (13).
No prior study, however, has examined risk factors specifically for severe, clinically
significant grade 3 or 4 anemia during TVR-based triple therapy outside the registration
trials. Herein, we investigated the characteristics of patients who developed severe anemia
on TVR-based triple therapy. Information about these risk factors may enable more timely
interventions, potentially reducing the need for transfusion, hospitalization, and/or cessation
of therapy.

PATIENTS AND METHODS

The study group was comprised of 142 patients with genotype 1 HCV infection who were
treated with TVR-based triple therapy at the Mount Sinai Medical Center between June
2011 and March 2012, who completed at least 12 weeks of treatment or discontinued early
due to anemia, and for whom complete records were available. An additional 65 patients
who received TVR-based triple therapy were excluded for the following reasons: 25
discontinued TVR prior to 12 weeks because of virologic failure, 20 discontinued early due
to side effects other than anemia, 18 were excluded due to missing hemoglobin levels, and
two were lost to follow up. Severe anemia was defined as hemoglobin < 8.9 g/dL, which
corresponds to grade 3 or 4 anemia by modified DAIDS criteria (14). Of note, the DAIDS
definition of severe anemia also includes a decrease in hemoglobin from baseline of >4.5
g/dL, but this was not used to grade anemia in this study because anemia in our population
was managed primarily based on the absolute value of hemoglobin, rather than on the
change from baseline. Mild anemia was defined as a hemoglobin level < 13.5 g/dL for males
and < 12.0 g/dL for females. Patients were followed through 24 weeks of treatment. Data
were generated during the course of standard clinical care and extracted via chart review.
The Mount Sinai IRB approved the study, which was conducted as specified by the Helsinki
Accord (GCO# 10-0032).

Data were obtained on patient characteristics, including demographics, comorbid medical
conditions, HCV genotype, HCV viral load, prior virologic response to dual therapy, history
of anemia with dual therapy, and dosing of TVR, PEG-IFN, and RBV during triple therapy.
Laboratory data including complete blood count, chemistry, liver function tests, and HCV
viral load were collected at baseline and at weeks 2, 4, 8, 12, and 24 during treatment. HCV
viral loads were determined using the Cobas AmpliPrep/Cobas TagMan HCV test (Roche).
Presence of diabetes mellitus (DM) was determined by documented diagnosis and/or by
laboratory data (hemoglobin Alc =6.5 %, fasting plasma glucose = 6.993 mmol/L, or a
plasma glucose =11.1 mmol/L after a 2-hour glucose tolerance test). The presence of chronic
kidney disease (CKD), human immunodeficiency virus (HIV) infection, and non-alcoholic
fatty liver disease (NAFLD) was determined by documented diagnoses. Estimated
glomerular filtration rate (eGFR) was calculated using the CKD-EPI formula (15). Liver
fibrosis was estimated using the Fib-4 score (Fib-4=(Age[years] x AST[IU/L])/(Platelet
count [x10%/L]WALT [IU/L]) with a score = 3.25 denoting advanced fibrosis/cirrhosis (16).
Information about use and timing of initiation of ESAs and transfusion of packed red blood
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cells (PRBCs) was also recorded. Ribavirin dosing was weight-based (17). The total
ribavirin dose in milligrams per kilogram of body weight was calculated at the start of
treatment for each patient. In general, the ribavirin dose was reduced to 600 mg during
treatment, if clinically indicated. Because this adjustment was made by on an individual
basis by providers and reductions were not always clearly documented in the medical
record, dose reductions were excluded from the analysis.

Statistical Analysis

RESULTS

Continuous variables were analyzed with either two-tailed t-tests or Mann-Whitney U-tests,
as appropriate. Categorical variables were analyzed with chi-square or Fisher exact tests. A
p-value below 0.05 was considered statistically significant. Logistic regression analysis was
used to identify variables associated with severe anemia. The independent variables are
presented in Table 1. Variables with a p-value below 0.10 in the univariable analysis were
retained in the final multivariable model if the p value was below 0.05. To avoid collinearity
due to their inclusion as variables in the Fib-4 equation, age and platelet count were
excluded from the final model. Weight was excluded due to its inclusion in the RBV/weight
ratio. History of anemia with prior dual therapy was excluded from the model as it applied
only to those patients who were previously treated with dual therapy. All data were analyzed
in SPSS version 20.

Baseline Characteristics

A total of 207 patients were treated with TVR-based triple therapy during the study period,
of whom 142 met the entry criteria and were included in this analysis. Forty-seven (33%)
patients developed severe anemia while 95 (67%) patients maintained hemoglobin >8.9 g/dL
while on treatment. Demographics, data on prior treatment and baseline laboratory values of
patients who did and who did not develop severe anemia are shown in Table 1. At baseline,
the two groups did not differ in race, sex, HCV genotype or viral load, previous virologic
response to treatment with dual therapy, BMI, mean corpuscular volume (MCV), white
blood cell count, or presence of anemia prior to treatment.

Patients who developed severe anemia were older and were more likely to have a history of
anemia during prior dual therapy. Baseline hemoglobin, platelet count, and eGFR were
lower in patients who developed severe anemia. Patients who developed severe anemia
began treatment at a higher RBV dose for their body weight (RBV/weight ratio). A greater
percentage of them had diabetes mellitus and/or advanced liver fibrosis or cirrhosis as
determined by a Fib-4 score =3.25.

Logistic Regression Model for Severe Anemia

In multivariable logistic regression with severe anemia as the outcome (Table 2), presence
of diabetes mellitus, Fib-4 =3.25, a higher RBV/weight ratio at the start of treatment, and

lower baseline hemoglobin were independently associated with developing severe anemia.
Baseline eGFR also approached statistical significance and was retained in the final model.
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On-Treatment Changes in Hemoglobin and Development of Severe Anemia

The change in hemoglobin in patients who did and who did not develop severe anemia can
be seen in Figure 1. All patients developed mild anemia or severe anemia while on
treatment. The median time to the hemoglobin nadir was 10 weeks [interquartile range
(IQR)=8-13]. The median time to the development of severe anemia was 8 weeks (IQR=4-
10). The median hemoglobin nadir was 8.1 g/dL (IQR=7.3-8.7) in patients with severe
anemia. Throughout treatment, hemoglobin remained significantly lower in the patients who
developed severe anemia. While hemoglobin values began to increase after TVR was
stopped at week 12, they had not returned to baseline by week 24 of treatment when follow
up ended.

On-Treatment Changes in Kidney Function

Estimated GFR declined in the majority (72%) of patients by week 4 (Figure 2). As noted
above, median baseline eGFR was lower in patients who developed severe anemia, and it
remained lower at week 8 (75 vs. 81 mL/min/1.73m2, p=0.03), week 12 (76 vs. 83, p=0.02),
and week 24 (84 vs. 95, p=0.01). The magnitude of the eGFR decrease did not differ
significantly between the two groups (p=0.118). The median eGFR calculated at time of
nadir hemoglobin was significantly lower in patients with severe anemia than in those
without (76 vs. 84.5 mL/min/1.73m2, p=0.02). Median eGFR began to increase after week 4
in both groups, and returned to baseline by week 24.

Treatment of Anemia during Triple Therapy

Nineteen (40%) of the 47 patients who developed severe anemia required blood transfusion,
compared to 1 (1%) of the 95 who did not develop severe anemia (p<0.01). Therapy with an
ESA was initiated in 40 (82.9%) of the patients who developed severe anemia, compared to
35 (36.8%) of the patients who did not (p<0.01). ESA therapy was initiated earlier in
patients who developed severe anemia than in those who did not (median week 4 vs. week 8,
p<0.01).

DISCUSSION

In this study, which investigated side effects outside of a registration trial, severe anemia
occurred in about one-third of patients receiving TVR-based triple therapy. Future
management of severe anemia will depend on the availability of information about risk
factors. We found that patients who developed severe anemia were older, had a history of
anemia during prior dual therapy, and had lower hemoglobin and a higher RBV/weight ratio
at the start of treatment. Notably, patients who developed severe anemia were more
frequently diabetic and more frequently had advanced liver fibrosis as determined by a Fib-4
score =3.25. Although of marginal statistical significance in the multivariable analysis,
baseline eGFR was also lower in patients who developed severe anemia. ESA use and blood
transfusion was required more frequently in the group that developed severe anemia.

In the TVR registration trials, including ADVANCE and REALIZE, anemia occurred more
frequently and with more severity in the TVR arms than in the dual therapy arms. In
ADVANCE, 9% of the patients receiving TVR-based triple therapy developed severe
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anemia (hemoglobin <8.5 g/dL) compared with 2% in the PEG-IFN/RBV dual therapy
group. In REALIZE, 11% of patients in the TVR arm developed severe anemia versus 5% in
the control arm (1, 18). In our experience, which was outside the registration trials, all
patients developed at least mild anemia while on TVR-based triple therapy. The higher
incidence of anemia we observed is most likely a consequence of including patients who
were older, had more comorbidities and more advanced liver disease than those in the
randomized trials. Indeed, advanced fibrosis and cirrhosis have been shown previously to be
associated with development of severe anemia while undergoing TVR-based triple therapy
(13). Severe anemia occurred in 33% of the patients in our study, which defined severe
anemia according to DAIDS definitions as hemoglobin <8.9 g/dL. The registration trials
used a cut off of 8.5 g/dL. Using that threshold value, 22% of our patients developed severe
anemia.

Anemia was also managed differently among the patients in this study than it was in the
early TVR trials. In ADVANCE and REALIZE, ESA use was not permitted, and anemia
was managed strictly with RBV dose reduction. In contrast, we often initiated ESAs early to
forestall a RBV dose reduction. While ESAs have been shown to be useful in maintaining
RBYV dose and improving health-related quality of life for patients undergoing treatment for
chronic HCV, they are not FDA approved for this indication (19). In addition to ESAs,
approximately 40% of the patients with severe anemia required blood transfusion, which
usually necessitated an emergency department visit or hospitalization. Along with increased
resource utilization, blood transfusion itself has well-known health risks.

The mechanism of worsened anemia in patients undergoing TVR-based triple therapy is
multifactorial. PEG-IFN leads to anemia via bone marrow suppression, while RBV produces
hemolysis via depletion of erythrocyte adenosine triphosphate (ATP) stores (20). The
mechanism by which TVR potentiates this effect, however, remains unclear. Pre-clinical
pharmacokinetic studies revealed that there was a relationship between the occurrence and
severity of hemoglobin abnormalities and the exposure (area under the curve) to TVR, as
well as PEG-IFN and RBV concentration at week 4. In the initial trials, while decreases in
mean hemoglobin values were greater in the TVR groups compared to placebo groups, the
corresponding increase in mean reticulocyte production appeared to be blunted relative to
the observed changes in hemoglobin. This is reflective of an inadequate bone marrow
response in the TVR groups (11). While TVR may have a direct effect on red blood cell
production, it may also worsen anemia indirectly by leading to increased RBV exposure.
Patients on TVR-based triple therapy have an increased incidence of impaired kidney
function while on treatment compared to patients treated with dual therapy (21). Acute
kidney injury may be caused in part by volume depletion owing to the gastrointestinal side
effects of TVR, including nausea, vomiting, and diarrhea (22). Given that RBV is cleared
primarily by the kidneys, and that increased serum levels of RBV are correlated with a
decrease in hemoglobin (23), it is likely that any decrease in eGFR while on TVR may lead
to increased blood levels of RBV, and increased RBV-induced anemia.

In addition to RBV exposure, RBV-induced anemia is also influenced by host
polymorphisms in the inosine triphosphatase (I TPA) gene. Patients possessing functional
ITPA variants rs1127354 and rs7270101 have variably reduced functionality of ITPA (24).
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Decreased ITPA activity leads to accumulation of ITP within erythrocytes, which is thought
to be protective against RBV-induced hemolytic anemia (25). While the influence of these
polymorphisms has been studied extensively in PEG-IFN/RBV dual therapy, there is limited
data in TVR-based triple therapy. One study in a Japanese cohort demonstrated a greater
reduction in hemoglobin in patients with wild-type rs1127354 at both week 1, week 4, and at
the end of treatment, suggesting that genetic polymorphisms influence the degree of anemia
that develops in patients undergoing TVR-based triple therapy as well (26). Given the
extensive variability in ITPA polymorphisms among different ethnic groups (27), further
studies will need to be done to examine the effects of these polymorphisms in a more
diverse population.

We found that diabetes mellitus predisposed to the development of severe anemia during
TVR-based triple therapy, even after adjusting for baseline eGFR. Prior studies suggest that
diabetics have a higher prevalence of anemia than the general population (28). Several
potential mechanisms have been proposed. Diabetic neuropathy can lead to disrupted
splanchnic innervation of the kidney, which may alter endogenous erythropoietin production
(29). Further, several commonly prescribed medications may increase risk of anemia in
diabetics. Inhibition of the renin-angiotensin-aldosterone system with angiotensin-
converting enzyme inhibitors and angiotensin Il receptor blockers may potentiate anemia by
interfering with the erythropoietic effects of angiotensin Il (30). Thiazolidinediones, such as
pioglitazone, may lead to increased fluid retention, leading to a dilutional decrease in
hemoglobin concentration (31). Metformin, in rare case reports, has been linked to the
development of severe hemolytic anemia (32). A combination of these factors may promote
the development of anemia in patients on TVR-based triple therapy who have pre-existing
diabetes.

The strengths of our study include its timeliness and its focus on patients receiving a newly-
introduced therapy for HCV outside of registration trials. Our population, in general, was
older and had more non-whites and patients with advanced fibrosis/cirrhosis than the
registration trials. We demonstrated a relationship between the development of severe
anemia and the presence of DM at baseline that has not been described previously. Further,
our conclusions are based on the types of clinical data that are readily available to health
care providers. Limitations include our lack of complete data on RBV dose reductions and
our inclusion of patients who received treatment at a single tertiary care center. We also did
not have complete biopsy data for all patients, and therefore relied on noninvasive measures
of liver fibrosis to determine the extent of liver damage. Finally, we lacked ITPA
polymorphism data for our patients; however, this information is not commonly available
for clinicians outside of a research setting and is rarely used in clinical decision making.

CONCLUSIONS

This study confirms that severe, clinically relevant anemia is an important adverse event
associated with TVR-based triple therapy, and establishes a number of factors that increase
the risk of severe anemia, including a history of anemia during dual therapy, older age,
lower baseline hemoglobin, and higher RBV/weight ratio. The presence of diabetes as well
as advanced liver fibrosis or cirrhosis may also increase risk of severe anemia. In patients
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with the above risk factors, close monitoring of hemoglobin is essential early in the course
of treatment with TVR so that interventions such as RBV dose reduction and administration
of ESAs can be initiated prior to the development of severe anemia.
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Abbreviations

HCV hepatitis C virus

OR odds ratio

PEG-IFN pegylated interferon

RBV ribavirin

ESA erythropoietin stimulating agents

PRBC packed red blood cells

SVR sustained virologic response

TVR telaprevir

DM diabetes mellitus

HIV human immunodeficiency virus

NAFLD non-alcoholic fatty liver disease

eGFR estimated glomerular filtration rate
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Figure 1.
Hemoglobin levels throughout treatment in patients who developed severe anemia and those

who did not. Standard error is shown. Patients with severe anemia are shown in a dotted line
and those without are shown in a solid line. The nadir for the entire group occurred at week

10.
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Figure2.
Estimated glomerular filtration rate throughout treatment is plotted here for patients who

developed severe anemia and those who did not. Standard error is shown. Those who
developed severe anemia are shown in a dotted line and those who did not are in a solid line.
The nadir for both groups occurred at week 4.
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