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Background. A recent genome-wide association study reported a strong association with a single-nucleotide
polymorphism (SNP) in the inosine triphosphate (ITPA) gene and hemolytic anemia in patients infected with
hepatitis C virus (HCV) receiving pegylated interferon and ribavirin. We investigate these polymorphisms in
a cohort of human immunodeficiency virus (HIV)/HCV—coinfected patients.

Methods. DNA was available for 161 patients with validated outcomes. We analyzed the association between
the variants and week 4 hemoglobin reduction. Anemia over the course of therapy, ribavirin (RBV) dose reduction,
serum RBV level, and rapid virological response (RVR) and sustained virological response (SVR) were also
investigated. Using a candidate gene approach, ITPA variants rs1127354 and rs7270101 were tested using the ABI

TagMan kit. Multivariable models were used to identify predictors of anemia.

Results.

A significant minority (33%) of patients were predicted to have reduced ITPase activity. The minor

allele of each variant was associated with protection against week 4 anemia. In multivariable models only the genetic
variants, creatinine, and zidovudine exposure remained significant. ITPase deficiency was not associated with

RBV-dose reduction, RVR, or SVR.
Conclusions.

This study confirms that polymorphisms in the ITPA gene are associated with protection from

RBV-induced anemia in HIV/HCV-coinfected patients but not improved clinical outcomes.

Hepatitis C virus (HCV) chronically infects approxi-
mately 170 million people worldwide [1]. In resource-
rich countries, HCV is the leading cause of end-stage
liver disease and hepatocellular carcinoma, as well as the
main indication of the need for liver transplantation [1].
In the United States and Europe, HCV affects 15%-30%
of individuals infected with human immunodeficiency
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virus (HIV) and currently represents a major cause of
morbidity and mortality in the coinfected population
(2, 3]. Therapy for chronic hepatitis C with pegylated
interferon alfa (pegIFN) plus ribavirin (RBV) is poorly
tolerated, and only half of patients who receive therapy
achieve a sustained virological response (SVR) [4]. This
figure is lower in HIV/HCV-coinfected patients, who are
at greater risk of hematologic adverse effects [5, 6]. In-
creased RBV dose has been shown to improve SVR rates
in difficult to treat patient groups, and serum ribavirin
levels have, in some studies, been shown to correlate
with on-treatment response; however, higher ribavirin
exposure may also increase adverse events, particularly
RBV-induced hemolytic anemia [7-9].

A genomewide association study (GWAS) of a subset
of HCV genotype-1 monoinfected patients from the
IDEAL study recently reported a strong association
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between a single-nucleotide polymorphism (SNP) rs6051702 on
chromosome 20 and treatment-related anemia in individuals
with genotype 1 infection [10]. The responsible gene locus is in
the inosine triphosphatase (ITPA) gene, which encodes inosine
triphosphatase (ITPase), a protein that hydrolyses inosine tri-
phosphase [10]. Previous reports of loss of function gene mu-
tations have been described that lead to ITPase deficiency:
a benign red cell enzymopathy characterized by accumulation of
ITP in erythrocytes and increased toxicity of purine analog drugs
[11, 12]. Genotyping of these variants demonstrated that the
association signal was entirely explained by 2 functional variants
in the ITPA gene: a missense variant in exon 2 (rs1127354) and
a splice-altering SNP in intron 2 (rs7270101) [13-16]. The
mechanism by which these mutations result in protection from
treatment-induced anemia is in part related to the ability of ITP
to substitute for erythrocyte guanosine triphosphate (GTP),
which is depleted by RBV during biosynthesis of adenosine
triphosphate (ATP) [17]. Recent data also suggest that ITPA
variants may remain predictive in the setting of triple combi-
nation therapy with telaprevir plus pegIFN/RBV [18].

We sought to extend our understanding of this genetic asso-
ciation in an HIV/HCV-coinfected cohort of patients and in
other HCV genotypes. Specifically, we investigate the association
between the functional ITPA variants and the development of
anemia at week 4, and the impact on hemoglobin levels over the
course of therapy. We also explore whether these genetic variants
are associated with serum RBV levels, RBV dose reductions,
rapid virological response (RVR), and SVR.

METHODS

Study Population

Patients were recruited at Hospital Carlos III, a reference HIV
clinic located in Madrid, Spain. From a cohort of 650 HIV/HCV-
coinfected patients seen in the clinic between 2002 and 2008 with
regular follow-up (characteristics described elsewhere [19]), we
selected 198 interferon-naive individuals who had either completed
a course of therapy with pegIFN/RBV and had validated outcomes
or were discontinued on therapy based on standard stopping
rules; thus, this is an adherent cohort. Written informed
consent for the study of genetic material was obtained from all
individuals, and the study protocol was evaluated and approved
by the hospital ethics committee. Both plasma and peripheral
blood mononuclear cells were stored on all patients.

All patients were treated with pegIFN alfa-2a or -2b at stan-
dard doses (180 pg/week or 1.5 ng/kg/week, respectively) plus
weight-adjusted RBV (1000 mg/day for patients weighing
<75 kg and 1200 mg/day for patients weighing >75 kg). Pa-
tients with HCV genotypes 1 or 4 received 48 or 72 weeks of
treatment, and patients with HCV genotype 2 or 3 received 24 or
48 weeks of treatment. Early stopping rules were applied for
subjects at weeks 12 and 24 [20]. All patients completed

24 weeks of follow-up after the end of treatment to assess for
SVR. Dose adjustments for RBV were completed per clinic
protocol. In brief, RBV dose was reduced by 200-mg/day
decrements when hemoglobin fell below 10.0 g/dL, this was
repeated on a weekly basis until hemoglobin either stabilized
or decreased to <<8.5 g/dL, at which time the RBV was dis-
continued. Use of growth factors was not permitted.

Genotyping

In total, 198 patients were genotyped at the polymorphic sites
rs1127354 and rs7270101 on chromosome 20 using the ABI
TagMan allelic discrimination kit and the ABI7900HT Se-
quence Detection System (Applied Biosystems), as described
elsewhere [10]. The possible genotypes for each biallelic poly-
morphism are rs1127354: C/C, A/C, A/A (minor allele = A);
rs7270101: A/A, A/C, C/C (minor allele = C). The cohort was
previously genotyped for the IL28B SNP rs12979860 associated
with HCV treatment response [21, 22].

HCV Load and Genotyping

Plasma HCV-RNA was measured using a real-time polymerase
chain reaction (PCR) assay (COBAS TaqMan, Roche), with
a lower limit of detection of 10 IU/mL. HCV genotyping was
performed using a commercial real-time (RT)-PCR hybridization
assay (Versant HCV Genotype v2.0 LiPA, Siemens). Plasma HIV-
RNA was measured using Versant HIV-1 RNA v3.0 (Siemens),
with a lower limit of detection of 50 copies/mL. RBV plasma
trough concentrations (RBV Cyoygn) Were variably measured as
part of clinical care at weeks 4, 12, 24, 36, and 48. Early-morning
samples were collected prior to the first daily dose of RBV (patient
instructed to hold morning dose until labs drawn) and, on ave-
rage, 12 hours after the last dose. Blood samples were centrifuged
within 1 hour of sample collection. RBV Cioyugn Was quantified
using a validated ultraviolet reverse-phase high-performance
liquid chromatography [23].

Liver Fibrosis Staging

The extent of liver fibrosis was measured using transient elas-
tography by FibroScan (Echosens) [24, 25]. The median value of
all tests per patient is expressed in kilopascal (kPa) units. Ad-
vanced liver fibrosis (severe fibrosis or cirrhosis, corresponding
to Metavir scores F3 and F4) was defined for liver stiffness values
=9.5 kPa, according to previous reports from both HCV-
monoinfected and HIV/HCV-coinfected patients [26, 27].

Definition of ITPase Deficiency Variable According to
rs1127354/rs7270101 Genotypes

Severity of ITPase deficiency was defined according to previous
studies [10], and a composite ITPase deficiency variable was
created for analysis (Table 1). ITPase activity was defined by the
accumulated presence of minor alleles at the respective poly-
morphic sites. As described previously, only 3 haplotypes were
observed; thus the minor alleles for both SNPs never occur to-
gether on the same chromosome [10].
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Table 1. ITPase Deficiency Variable

rs1127354 rs7270101 Predicted ITPase Activity, % Predicted ITPase Deficiency
Wild type (C/C) Wild type (A/A) 100 -

Wild type (C/C) Heterozygosity (A/C) 60 +
Heterozygosity (C/A) Wild type (A/A) 30 ++

Wild type (C/C) Homozygosity (C/C) 30 ++
Heterozygosity (C/A) Heterozygosity (A/C) 10 +++
Homozygosity (A/A) Wild type (A/A) <5 +4++

Definition of an ITPase deficiency variable according to rs1127354/rs7270101 genotypes: severity of ITPase deficiency was predicated as absent, representing wild-
type activity (=), mild (+), moderate (++), or severe (+++) deficiency, according to previously published studies [12].

Abbreviation: ITPase, inosine triphosphatase.

Study Objectives

For replication of the primary GWAS discovery, we analyzed
hemoglobin reduction at week 4. The primary objectives in-
cluded the association of ITPase deficiency with (1) absolute
hemoglobin reduction as a continuous trait and (2) hemoglobin
reduction >3 g/dL. Secondary objectives included the associa-
tion of ITPase deficiency with (1) hemoglobin reduction over the
course of therapy, defined both qualitatively and quantitatively
(reduction >3 g/dL); (2) need for RBV dose reduction; (3) RBV
serum level at week 4, defined both qualitatively and quantita-
tively (level <2 mg/L); (4) RVR; and (5) SVR.

Statistical Analysis

For descriptive statistics, continuous variables were summarized
as median (lower and upper quartiles). Categorical variables
were described as frequency and percentage. Comparisons be-
tween groups were performed using a Wilcoxon test for skewed
continuous data or the y*/Fisher exact test for categorical data.
Significance was defined as P < .05 with a 2-tailed test. Asso-
ciation between the individual polymorphisms/ITPase de-
ficiency variable and the anemia phenotypes were tested using
single-marker genotype trend tests of association in linear or
logistic regression models. Multivariable regression models with
backward selection were used to identify independent predictors
of anemia. A significance level of .05 was used for removal from
the model. All statistical analyses were performed with SAS
software, version 9.2 (SAS Institute).

RESULTS

Cohort Characteristics

The clinical characteristics of the study population are described
in Table 2. In total, 161 patients were included in the final
analysis due to lack of adequate DNA for genotyping of 37
patients. All patients were of European ancestry, and IL28B C/C
genotype prevalence was 43%. Eighty-four percent of patients
were receiving antiretroviral therapy (ART) (15% [24 of 161
patients] on zidovudine [AZT] and 29% [46 of 161 patients] on

abacavir [ABC]), and 80% had undetectable plasma HIV-RNA.
Median HCV RNA was 6.6 log;o IU/mL and the HCV genotype
distribution was HCV-1, 59%; HCV-3, 29%; HCV-2, 1%; and
HCV-4, 11%. Length of treatment was as follows: 24 weeks
(24%, 39 of 161 patients), 48 weeks (50%, 81 of 161 patients),
and 72 weeks (9%, 14 of 161 patients). Five patients (3%) did
not have treatment duration available (although treatment end
point was available), and on the basis of early stopping rules,
14% (22 of 161 patients) were discontinued on or before week 24.
The overall SVR rate in this treatment-adherent cohort was 56%
(90 of 161 patients).

Population Distribution of /TPA Gene Variants

The cohort was genotyped for the 2 causal polymorphisms,
rs1127354 and rs7270101. The minor allele (A) frequency
for rs1127354 was 0.06, and the minor allele (C) frequency

Table 2. Baseline Characteristics

Characteristics Cohort (N = 161)

Age, y, median (quartiles) 42 (39, 46)
Male sex, No. (%) 120 (75)
Median Hb level, g/dL 15.6 (14.6, 16.5)
Median CD4 count, cells/pL 500 (378, 698)
Patients on ART, No. (%) 135 (84)

(
(
(
(
(
Median HIV RNA, logo copies/mL 1.7(1.7,1.8)
(
(
(
(
(

Patients with HIV suppression, <50 copies/mL 125 (80)

On AZT, No. (%) 24 (15)

On ABC, No. (%) 46 (29)
RBV dose reduction, No. (%) 18 (11)
Median HCV RNA, log;o IU/mL 6.6 (4.8, 7.0)
HCV genotype, No. (%)

1/4 112 (70)

2/3 49 (30)
Median liver stiffness, kPa 6.2 (4.8, 9.6)

Abbreviations: ABC, abacavir; ART, antiretroviral therapy; AZT, zidovudine;
Hb, hemoglobin; HCV, hepatitis C virus; HIV, human immunodeficiency virus;

RBV, ribavirin.

378 e JID 2012:205 (1 February) e Naggie et al



Table 3. Genotype Frequency (rs1127354 and rs7270101) in the
Study Population and Population Distribution of Predicted Level of
ITPase Deficiency, According to /TPA Genotype

Genotype Population Frequency, No. (%)
rs1127354
CcC 140 (89)
CA 18 (11)
AA 0
rs7270101
AA 119 (75)
AC 36 (23)
cC 4(2)
Predicted ITPase Deficiency Population Distribution, No. (%)
- 104 (67)
+ 32 (20)
++ 17 (11)
+++ 3(2)

Abbreviations: /TPA, inosine triphosphate; ITPase, inosine triphosphatase.

for rs7270101 was 0.12, with the population demonstrating
Hardy-Weinberg equilibrium (P = .58 and P = .79, respectively).
The population frequencies for both rs1127354 and rs7270101
are shown in Table 3. The majority of patients (65%) were
predicted to have normal wild-type ITPase enzyme activity;
however, a significant minority (33%) were predicted to have
reduced ITPase activity (Table 3).

ITPase Deficiency Protected Against Week 4 Anemia

The primary objective of the study included assessment of the
pharmacogenomic association of ITPase deficiency with riba-
virin-induced anemia at 4 weeks: hemoglobin reduction as
a continuous trait and hemoglobin reduction >3 g/dL. Both
ITPA variants individually and the composite ITPase deficiency
variable were evaluated for an association with anemia (Table 4).
Both ITPA variants and the ITPase deficiency variable were
strongly associated with hemoglobin reduction at 4 weeks, with
the minor allele having a protective effect in all cases (Table 4).
The association of ITPase deficiency with week 4 anemia out-
comes did not change with stratification by HCV genotype (data
not shown). Compared to the individual alleles, the composite
ITPase deficiency variable appeared to have the strongest asso-
ciation with protection against quantitative week 4 anemia, es-
timated to explain 23% of the variability of the hemoglobin
reduction at week 4, similar to that reported by Fellay et al [10]
(Table 4). There was no association between ITPase deficiency
and baseline hemoglobin level (data not shown).

In the multivariable analyses, the ITPase deficiency variable
and allele variants maintained a strong association with pro-
tection from week 4 anemia and severity of week 4 anemia
(Table 4). Other variables associated with risk or severity of week
4 anemia included higher baseline creatinine and exposure to
AZT. Variables not associated with week 4 anemia included age,
sex, baseline HIV load, baseline CD4 cell count, baseline

Table 4. Regression Models for Quantitative Hemoglobin Reduction at Week 4 and Hemoglobin Reduction >3 g/dL at Week 4

ITPA Variants and Week 4 Quantitative Hb Reduction®

[TPA Variant Estimate Standard Error P Value
rs1127354 —1.85 0.42 <.0001
rs7270101 -0.87 0.25 .0008

Adjusted Estimate Standard Error Adjusted P Value®
-1.75 0.56 .003
—1.20 0.40 .004

Composite ITPase Deficiency Variable and Week 4 Quantitative Hb Reduction®

Adjusted OR 95% ClI Adjusted P Value®
0.12 .01-1.38 .089
0.21 .05-.92 .038

Parameter Estimate Standard Error P Value
ITPase deficiency -0.97 0.25 .0003
Creatinine —1.62 0.78 .043
Zidovudine exposure 1.79 0.45 .0002
ITPA Variants and Week 4 Hb Reduction >3 g/dL?

ITPA Variant OR 95% ClI P Value
rs1127354 0.10 .01-.82 .03
rs7270101 0.24 .09-.63 .004
Composite ITPase Deficiency Variable and Week 4 Hb Reduction >3 g/dL®
Parameter OR 95% ClI P Value
ITPase deficiency 0.24 .08-.73 .012
Creatinine 0.04 .002-.93 .049
Zidovudine exposure 14.9 1.6-135 .016

Abbreviations: Cl, confidence interval; Hb, hemoglobin; /TPA, inosine triphosphate; ITPase, inosine triphosphatase; OR, odds ratio.

@ Covariables: exposure to zidovudine and baseline creatinine. Sex, age, baseline CD4 count, liver stiffness, baseline hemoglobin level, week 4 ribavirin level, and

ribavirin dose by weight were removed by backward selection.

© Adjusted estimates, P values were calculated in models in which the other functional variant was already included.

¢ Sex, age, baseline CD4 count, liver stiffness, baseline hemoglobin level, week 4 ribavirin level, and ribavirin dose by weight were removed by backward selection.
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Figure 1. [TPase deficiency variable was associated with less reduction

in median hemoglobin (Hb) level at all time points, although this did not
meet statistical significance at later weeks.

hemoglobin level, weight, liver stiffness, exposure to ABC, IL28B
genotype, RBV dose, and RBV dose change.

Predictors Associated With Anemia in Those Patients Not
Exposed to AZT

AZT is known to cause macrocytic anemia and thus is a con-
founder in this analysis. To account for confounding, the asso-
ciation of ITPase deficiency and anemia was analyzed in 2 ways: in
a multivariable analysis including AZT with an interaction term as
a predictor variable reported above and in a multivariable analysis
stratified by AZT exposure. In the analysis excluding AZT, both
ITPA variants and the ITPase deficiency variable remained
strongly associated with hemoglobin reduction at 4 weeks
(quantitative and qualitative) (data not shown). When included in
multivariable models; in addition to the ITPase deficiency vari-
able, hemoglobin baseline, week 4 RBV level, and RBV dose by
weight remained positively associated with week 4 anemia.

Predictors Associated With Anemia Throughout the Course of
HCV Therapy

The association with the ITPase deficiency variable and anemia
was evaluated throughout the course of therapy for the majority
of patients not exposed to AZT (n = 137). ITPase deficiency was
associated with a delayed hemoglobin decline in the first
12 weeks of therapy, and this resulted in less absolute hemo-
globin reduction over the course of therapy (Figure 1). In those
patients with moderate ITPA deficiency, only 7% of patients
experienced hemoglobin reduction >3 g/dL at week 4 of ther-
apy, as compared with 46% of those patients with wild-type
ITPase activity (P = .001, Figure 2). The frequency of clinically
significant anemia increased for all groups over the course of
therapy, with 59%, 52%, and 29% of patients with no, moderate,
or high ITPase deficiency, respectively, achieving hemoglobin
reduction >3 g/dL at week 24 (P = .03, Figure 2). Differences at
later time points did not reach statistical significance. Results

Hb reduction >3 g/dL from baseline

W [TPase deficiency - B ITPase deficiency + MITPase deficiency ++

809

P <.001 P =.019 P =.047 P = .29 P =.270

52 5o

Weeks

Figure 2.  [TPase deficiency variable was associated with less absolute
reduction in median hemoglobin (Hb) level at all time points, although
this did not meet statistical significance at later weeks.

were similar when stratified by HCV genotype (data not shown).
Stratification of the model by need for RBV dose reduction did
not change the association of the ITPase deficiency variable and
anemia throughout the course of therapy (data not shown).

ITPase Deficiency Is Associated With Lower Serum Ribavirin
Levels But Not With Ribavirin Dose Reduction

RBV dose reduction was uncommon in this adherent Spanish
cohort, with only 18 patients (11%) requiring dose reduction
during therapy. Those patients who required dose reduction
were less likely to achieve SVR (P = .025). When the relationship
between the ITPA gene variants (ITPase variable, rs1127354, or
rs7270101) and dose reduction was examined, no relationship
was noted (P = .69, P = .97, and P = .07, respectively), although
a trend was evident for rs7270101.

Serum RBV trough levels were available on 60% of patients at
weeks 4 and 12, and 25%—44% at weeks 24, 36, and 48. At week 4,
serum ribavirin troughs were different across ITPase deficiency
levels (—deficiency median, 2.58 mg/dL [quartiles; 1.71, 3.01];
+deficiency, 1.91 mg/dL [1.65, 2.70]; + +deficiency, 1.65 mg/dL
[1.44,2.46]; P = .03) but appeared to converge between weeks
4 and 12, with no difference between deficiency levels by
week 12 (median, 2.5 mg/dL [quartiles; 1.54, 2.88], P = .86).
ITPase deficiency was associated with lower serum RBV
levels at week 4 of therapy, when modeled as a qualitative or
quantitative (<2 mg/dL) univariable (P = .026 and P = .019,
respectively). In the univariable analysis, no other variable
was significantly associated with week 4 RBV level including
weight, RBV dose, or creatinine. However, when these var-
iables were included in a multivariable regression, the asso-
ciation with week 4 RBV level and ITPase deficiency was no
longer significant.

ITPase Deficiency Is Not Associated With RVR or SVR
ITPase deficiency was tested for an association with SVR in
a logistic regression model that included age, sex, baseline HCV
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Table 5. Composite ITPase Deficiency Variable Is Not Associ-
ated with Sustained Virological Response

Parameter OR 95% CI P Value
ITPase deficiency variable 1.65 0.71-3.86 .245
Age 0.87 0.76-1.00 .059
Female sex 0.84 0.16-4.47 .843
Liver stiffness 0.83 0.72-0.97 .017
IL28B TT or CT 0.08 0.02-0.33 .0006
Baseline HCV RNA <600,000 30.3 4.74-193 .0003
No RBV dose reduction 0.21 0.03-1.43 11

Abbreviations: Cl, confidence interval; HCV, hepatitis C virus; ITPase, inosine
triphosphatase; OR, odds ratio; RBV, ribavirin.

RNA (<600 000), HCV genotype (1/4 vs 2/3), RBV dose change,
IL28B genotype, and liver stiffness (Table 5). No association with
SVR was found for ITPase deficiency. Results were similar when
stratified by HCV genotype (data not shown). No association was
noted with ITPase deficiency and RVR; however, hemoglobin
reduction >3 g/dL at 4 weeks and lower week 4 hemoglobin level
were associated with higher rates of RVR. This finding did not
translate to differences in SVR rates (data not shown).

DISCUSSION

In this study we evaluated the role of the recently discovered
ITPA genetic variants that protect against RBV-induced hemo-
lytic anemia, in an HIV/HCV-coinfected cohort. This issue is of
great clinical importance for HIV-coinfected individuals, who
are documented to have higher rates of anemia on treatment. To
our knowledge, this is the first study to examine the ITPA ge-
netic variants in an HIV-coinfected population and to explore
the association of ITPase deficiency and serum RBV levels.

One-third (33%) of the cohort was predicted to have re-
duced ITPase activity and was found to be relatively protected
from the development of anemia early in the treatment course.
ITPase deficiency was a strong predictor of protection from
week 4 anemia, including in those patients on concomitant
AZT. Patients with at least moderate deficiency appeared to
receive the most protection, with maximal benefit early in
therapy, and persistence throughout the course of therapy. The
rate of hemoglobin decline was also more rapid in those pa-
tients with wild-type ITPase activity, and this correlated to
greater absolute decreases in hemoglobin level over the course
of therapy. These results were the same regardless of HCV
genotype. These data are in agreement with recent studies in
HCV-monoinfected patients [28, 29].

Although those patients with reduced ITPase activity were
protected from developing severe anemia throughout the course
of therapy, this did not translate into differences in important
clinical outcomes such as need for RBV dose reduction, RVR, or
SVR. Thompson et al [28, 29] reported that ITPase deficiency was

associated with less RBV dose reduction in HCV genotype 1 pa-
tients for whom RBV dose was reduced due to anemia, but not in
HCV genotype 2/3 patients. Dose reduction was also reported
more frequently in those without reduced ITPase activity in the
first 12 weeks of triple combination therapy with telaprevir plus
pegIFN/RBV [18]. There are 2 likely reasons for our inability to
show a difference in RBV dose: (1) our treatment-adherent cohort
infrequently required dose reduction (11% vs 46%), and (2) our
cohort was heterogeneous, including all HCV genotypes. No study
to date has found that ITPA deficiency and the conferred pro-
tection against RBV-induced anemia are associated with
treatment response outcomes [18, 28, 29]. The reason for
this is unknown, given other data suggesting that severity of
week 4 anemia is associated with SVR [30]. However, given
the low frequency of the minor ITPA alleles in the study pop-
ulation, it is possible that these studies, including ours, were not
adequately powered to observe an effect of ITPA variants on
treatment outcomes. Furthermore, due to confounding of rate of
decline of hemoglobin and dose reduction on treatment out-
comes, we completed stratified analyses by using these variables
but were again limited by power and unable to show an asso-
ciation with treatment outcomes.

One well-recognized etiology of anemia in the HIV/HCV-
coinfected patient receiving HCV therapy is concomitant ad-
ministration of AZT, a thymidine analog. The mechanism of
AZT-induced anemia is not well understood. One study reported
that AZT decreased globin gene expression, resulting in altered
development and differentiation of erythroid cells [31]. Here,
exposure to AZT was the strongest predictor of week 4 anemia and
of anemia throughout the course of therapy. ITPase deficiency
provided significant protection from RBV-induced anemia in the
setting of concomitant AZT use; however, its protective effect over
the course of therapy was obscured in those patients on AZT. This
may be due to the inability of patients exposed to both RBV and
AZT to have an appropriate bone marrow response to the RBV-
induced hemolytic anemia, in the setting of AZT-associated bone
marrow suppression. Although AZT is not recommended for
concomitant administration with ribavirin and was associated
with the development of anemia, it was not associated with more
dose reduction or treatment outcomes, which suggests that it may
be used if other options are not feasible.

The relationship between ITPA variants and anemia is complex,
and the effect of the ITPA variants on ribavirin levels and
pharmacodynamics has not to our knowledge been explored
previously. Although limited because of the size and scope of
the study, in a univariable analysis ITPase deficiency was asso-
ciated with lower serum RBV levels at week 4 of therapy. This
association was no longer significant when built into a multi-
variable analysis that included baseline creatinine, RBV dose, and
weight. How serum RBV levels correlate to intraerythrocytic
RBV-triphosphate—the metabolite within the red blood cell that
is thought to lead to oxidative damage to the red cell membrane
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and hence intravascular destruction—is unknown [32]. Due to
the explorative nature of these findings, additional prospective
study of the impact of ITPA deficiency on serum and in-
tracellular RBV levels is necessary to validate this association.

There are several limitations of this study that deserve men-
tion. In an attempt to compare the most extreme outcome
phenotypes, only those patients with treatment adherence (dis-
continuation due to defined treatment stopping points) were
included in the study. This may have resulted in the exclusion of
patients who were intolerant of RBV and required both dose
reduction and treatment discontinuation, thus under-
estimating the number of these events occurring in this
population. Furthermore, because of the retrospective nature
of the study design, there was loss of data points (hemoglobin and
RBV level) at later treatment dates, introducing risk for type II
error, and the availability of clinically important symptoms that
are associated with anemia (such as fatigue and shortness of
breath) were not available to include in the analysis.

In conclusion, functional variants of the ITPA gene, associ-
ated with ITPase deficiency, are protective against RBV-induced
hemolytic anemia in HIV/HCV-coinfected patients. Although
this difference was greatest in the first 4 weeks, it did persist
throughout the treatment course. This protection is similar
among different HCV genotypes. Although patients with ITPase
deficiency had less anemia, in this study that benefit did not
correlate to less dose reduction or clinically relevant end points
such as RVR and SVR. For now, the use of assessing the ITPA
genotype in a patient prior to initiating therapy with RBV is
unclear. In the HIV/HCV-coinfected population, symptoms of
severe anemia, including shortness of breath and fatigue, can be
limiting and lead to discontinuation of therapy. Thus, potential
roles for the use of pretreatment screening could include iden-
tifying patients who are more likely to tolerate higher doses of
RBV or who are at greater risk of more severe anemia. In the real
world setting, such knowledge could impact clinic outcomes,
including need for growth factor use and dropout due to in-
tolerance of therapy, and is likely to remain relevant in the
setting of first-generation HCV protease inhibitors.
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