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ABSTRACT

BACKGROUND

Race has been shown to be a factor in the response to therapy for hepatitis C virus
(HCV) infection, and limited data suggest that ethnic group may be as well; how-
ever, Latinos and other ethnic subpopulations have been underrepresented in clini-
cal trials. We evaluated the effect of Latino ethnic background on the response to
treatment with peginterferon alfa-2a and ribavirin in patients infected with HCV
genotype 1 who had not been treated previously.

METHODS

In a multicenter, open-label, nonrandomized, prospective study, 269 Latino and 300
non-Latino whites with HCV infection received peginterferon alfa-2a, at a dose of
180 wg per week, and ribavirin, at a dose of 1000 or 1200 mg per day, for 48 weeks,
and were followed through 72 weeks. The primary end point was a sustained viro-
logic response. We enrolled Latinos whose parents and grandparents spoke Span-
ish as their primary language; nonwhite Latinos were excluded.

RESULTS

Baseline characteristics were similar in the Latino and non-Latino groups, although
higher proportions of Latino patients were 40 years of age or younger, had a body-
mass index (BMI, the weight in kilograms divided by the square of the height in
meters) of more than 27 or more than 30, and had cirrhosis. The rate of sustained
virologic response was higher among non-Latino whites than among Latinos (49%
vs. 34%, P<0.001). The absence of HCV RNA in serum was more frequent in non-
Latino whites at week 4 (P=0.045) and throughout the treatment period (P<0.001
for all other comparisons). Latino or non-Latino background was an independent
predictor of the rate of sustained virologic response in an analysis adjusted for base-
line differences in BMI, cirrhosis, and other characteristics. Adherence to treatment
did not differ significantly between the two groups. The numbers of patients with
adverse events and dose modifications were similar in the two groups, but fewer
Latino patients discontinued therapy because of adverse events.

CONCLUSIONS
Treatment with peginterferon alfa-2a and ribavirin for 48 weeks resulted in rates of
sustained virologic response among patients infected with HCV genotype 1 that
were lower among Latino whites than among non-Latino whites. Strategies to im-
prove the sustained virologic response in Latinos are needed. (ClinicalTrials.gov
number, NCT00107653.)
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ATINOS ARE THE FASTEST-GROWING MI-

nority group in the United States and will

represent 15% of the total U.S. population
by 2010.* The prevalence of infection with the
hepatitis C virus (HCV) has been reported to be
2.1% among Mexican Americans, as compared
with 1.5% among non-Hispanic whites.2 However,
the overall prevalence among Latinos may be high-
er than that in the Mexican-American subgroup.
Another analysis has shown that the HCV-related
mortality rate among Latinos is nearly twice the
rate among non-Latino whites.3 HCV infection in
Latinos is characterized by more aggressive inflam-
matory activity and fibrosis,>° greater disease pro-
gression,”® and greater risk of cirrhosis®® than in
non-Latino whites and blacks.

Latinos have typically been underrepresented
in large clinical studies®°; however, small studies
of the use of peginterferon alfa-2b plus ribavirin
in Latino patients infected with HCV genotype 1
have suggested a low rate of sustained virologic
response (23 to 24%).1>1* The Latino Study was a
multicenter, prospective study designed to exam-
ine the effect of Latino ethnic background on the
response to treatment with peginterferon alfa-2a
plus ribavirin in patients who were infected with
HCV genotype 1 and who had not previously been
treated.

METHODS

STUDY PATIENTS
Latino and non-Latino white patients were eligi-
ble for the study if they were between the ages of
18 and 65 years, had chronic HCV genotype 1 in-
fection, and had no history of treatment for HCV
infection. Eligible patients were identified at 52
centers in the continental United States and Puer-
to Rico. Patients were also required to have a se-
rum HCV RNA level of 10 IU per milliliter or high-
er, an elevated serum alanine aminotransferase
level within 12 months before enrollment, histo-
logic evidence of chronic hepatitis C on centrally
reviewed liver-biopsy specimens obtained within
18 months before the start of the study, and com-
pensated liver disease (Child—Pugh class A cirrho-
sis with a score of £6). We planned to enroll a suf-
ficient number of patients with cirrhosis to have
approximately 10% in each of the two groups.
Latino ethnic background was defined as a
geographic, historical, and cultural heritage shared

among persons from Spanish-speaking coun-
tries in South and Central America, Mexico, and
the Caribbean. Both parents and all grandparents
of the patient had to be Latino, with Spanish as
the primary language. On self-report, Latinos
and non-Latinos had to be white; native aborigi-
nal Indians, Asians, and blacks were excluded.

Other exclusion criteria were a hemoglobin
level of 12 g per deciliter or lower for women and
13 g per deciliter or lower for men, a white-cell
count of 11.5x10° per liter or lower, a platelet
count of 100,000 per cubic millimeter or lower,
drug abuse within the previous 12 months or al-
cohol abuse within the previous 6 months, a severe
psychiatric disorder or a history of such a disorder,
other forms of liver disease, hepatitis A or B infec-
tion, human immunodeficiency virus (HIV) infec-
tion, clinically significant cardiac or renal disease,
a seizure disorder, and retinopathy.

The study was conducted in conformance with
the principles of the Declaration of Helsinki and
local laws and regulations. The institutional re-
view boards of the participating sites approved
the protocol and consent forms. All participants
provided written informed consent. Roche spon-
sored the trial and collected and analyzed the data.
The lead author was involved in the design of the
trial and analysis of the data and vouches for the
accuracy and completeness of the data. One aca-
demic and one industry author wrote the first draft
of the manuscript; all authors contributed to sub-
sequent drafts.

STUDY DESIGN
This trial was a prospective, multicenter, open-
label, nonrandomized study of treatment with
peginterferon alfa-2a in Latino and non-Latino
whites with chronic HCV genotype 1 infection who
had not previously received treatment. Enrolled pa-
tients were treated for 48 weeks with peginterfer-
on alfa-2a (Pegasys, Roche), at a dose of 180 ug per
week, and ribavirin (Copegus, Roche), at a dose of
1000 mg per day (for patients with a body weight
<75 kg) or 1200 mg per day (for those with a body
weight >75 kg). Assessments of virologic and bio-
chemical responses were performed at weeks 4, 12,
24, 48, 60, and 72. Clinical adverse events, labora-
tory values, vital signs, and dose adjustments of
the study drugs were monitored throughout the
study. Doses of ribavirin and peginterferon alfa-2a
could be adjusted to manage side effects (see the
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Supplementary Appendix, available with the full
text of this article at NEJM.org). Compliance was
assessed at each clinic visit. Histologic assessments
were performed at the time of screening or with-
in 18 months before the study and at week 72.

CLINICAL ASSESSMENTS AND END POINTS
The primary efficacy end point was a sustained
virologic response, defined as an undetectable HCV
RNA level (<28 TU per milliliter) 24 weeks after the
end of the treatment period (week 72). Secondary
end points were virologic responses during the
treatment period: a rapid virologic response (an
undetectable HCV RNA level at week 4), a com-
plete early virologic response (an undetectable HCV
RNA level at week 12), and virologic responses at
week 24 and at the end of treatment (week 48). Re-
lapse was assessed between week 48 and week 72.

LABORATORY AND VIRAL TESTING
HCV genotyping was performed at screening by
ICON Laboratories (Farmingdale, NY) with the use
of the VERSANT HCV Genotype 2.0 Assay (LiPA)
(Bayer HealthCare). Serum HCV RNA levels were
measured by means of the High Pure System-—
COBAS TagMan HCV Monitor Test (Roche), which
has a limit of detection of 28 IU per milliliter and
a range for quantification of 30 to 200 million IU
per milliliter. Liver-biopsy specimens blinded with
regard to the ethnic group of the patient obtained
before and after treatment were evaluated by a cen-
tral pathologist (at Liver Research Institute, Dow-
ney, CA) using the Ishak modification of the histo-
logic-activity index. Laboratory tests were performed
at a central laboratory (ICON Laboratories).

STATISTICAL ANALYSIS
The study was designed for the enrollment of equal
numbers of Latino and non-Latino whites, with a
total of 540 patients, for a statistical power of 94%
to determine whether the rate of sustained viro-
logic response in the Latino group was lower than
that in the non-Latino group by 15% or more. This
calculation was based on a two-group test of equiv-
alence in proportions involving a one-sided 97.5%
confidence interval, assuming that both groups of
patients had rates of sustained virologic response
of 50%. All enrolled patients who took a dose of
medication were included in the efficacy evalua-
tions, and patients with missing HCV RNA mea-
surements were considered not to have had a re-

sponse. All patients who received one or more
doses of the study drugs and underwent one or
more safety assessments were included in the safe-
ty analyses (Fig. 1).

For the analysis of the primary efficacy end
point, the two-sided 95% confidence interval for
the difference in the proportions of patients in
the Latino group and the non-Latino group who
reached the primary end point was calculated with
the use of a normal approximation. The rate of
sustained virologic response in the Latino group
was considered to be noninferior to that in the
non-Latino group if the lower bound of the two-
sided 95% confidence interval was greater than
—0.15. The Cochran-Mantel-Haenszel test and the
Breslow—Day test for homogeneity of the odds ratio
were used to assess differences between the two
groups with regard to baseline characteristics. The
primary efficacy end point was also assessed with
the use of a multivariable logistic-regression analy-
sis to evaluate the effects of baseline prognostic
factors on the probability of a sustained virologic
response. To identify factors that were associated
with rates of sustained virologic response, a step-
wise variable-selection procedure was used, with
a P value of 0.15 or less for entry into the model
and a P value of 0.20 or more for removal from the
model.

RESULTS

PATIENTS
Of the 569 patients enrolled between August 2004
and September 2007 who received one or more
doses of the study drugs, 269 were Latino whites
and 300 were non-Latino whites. Similar propor-
tions of Latino and non-Latino patients withdrew
from the study (Fig. 1). More than twice as many
Latino patients as non-Latino patients were with-
drawn from the study because of an insufficient
therapeutic response or loss to follow-up.

Most of the Latino patients had origins in
Mexico and Puerto Rico. As compared with the
non-Latino group, the Latino group had higher
percentages of patients with an age of 40 years or
younger, a body-mass index (BMI, the weight in
kilograms divided by the square of the height in
meters) of more than 27 or more than 30, an ala-
nine aminotransferase quotient (the alanine ami-
notransferase level divided by the upper limit of
the normal range [ULN]) of more than 3, and cir-
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569 Latino and non-Latino
patients were eligible
and enrolled

269 Latinos received peginterferon
alfa-2a and ribavirin

269 Had post-baseline data available

190 Completed 48 wk of treatment

176 Completed 72 wk of study

300 Non-Latinos received peginterferon
alfa-2a and ribavirin

299 Had post-baseline data available

224 Completed 48 wk of treatment

208 Completed 72 wk of study

79 Discontinued treatment
24 Had adverse events
25 Had insufficient thera-

peutic response
1 Had violation of selec-
tion criteria at study
entry
1 Had other protocol
violation -~
12 Declined treatment
13 Were lost to follow-up
3 Had other reason

14 Withdrew during follow-up
1 Had adverse event
2 Declined treatment
7 Were lost to follow-up
4 Had other reason

75 Discontinued treatment
43 Had adverse events
11 Had insufficient thera-

peutic response
1 Had violation of selec-
tion criteria at study
entry
13 Declined treatment
— 4 Were lost to follow-up
3 Had other reason
16 Withdrew during follow-up
1 Died
2 Had other protocol
violation
6 Declined treatment
6 Were lost to follow-up
1 Had other reason

269 Were included in the efficacy analysis
269 Were included in the safety analysis

300 Were included in the efficacy analysis
299 Were included in the safety analysis

Figure 1. Enroliment and Follow-up of the Study Patients.

rhosis (Table 1). The enrollment of Latinos with
cirrhosis neared the planned proportion of 10%
during the study, at which point any patients un-
dergoing screening who met the enrollment crite-
ria were allowed to participate; by the end of the
study, there was a slightly higher proportion of
patients with cirrhosis in the Latino group (13%,
vs. 10% in the non-Latino group). With regard to
preexisting conditions, more Latino patients had
diabetes mellitus (9%, vs. 3% of non-Latino pa-
tients) and more non-Latino patients had hyper-
tension (24%, vs. 18% of Latinos). In both groups,
5% of patients had dyslipidemia.

VIROLOGIC RESPONSE RATES AND HISTOLOGIC
FINDINGS

The primary analysis revealed that the rate of sus-
tained virologic response was significantly lower
among Latinos than among non-Latinos (34% vs.
49%; absolute difference, —16 percentage points;
95% confidence interval [CI], =24 to —8; P<0.001).

The rate of virologic response was lower for the
Latino group than the non-Latino group at every
time point at which data were available (Fig. 2A).
A post hoc analysis showed that rates of sustained
virologic response were similar regardless of the
country of origin of Latinos (see Table 1 in the Sup-
plementary Appendix).

The rate of relapse among patients with a re-
sponse at week 48 (the end of treatment) was 36%
(50 of 138 patients) in the Latino group and 26%
(50 of 195 patients) in the non-Latino group. In the
intention-to-treat population, however, the propor-
tion of patients who had a relapse was similar in
the two groups (50 of 269 Latinos [19%] and 50
of 300 non-Latinos [17%)]) (Fig. 2B).

The odds ratios for a sustained virologic re-
sponse among Latinos, as compared with non-
Latinos, are shown in Figure 2C according to
baseline characteristics. The odds ratios were
similar across the baseline characteristics except
for the more pronounced effect in the Latino
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Table 1. Baseline Characteristics of the Study Patients.*
Latino Non-Latino

Characteristic (N=269) (N=300)
Male sex — no. (%) 183 (68) 192 (64)
Latino country of origin — no. (%)

Mexico 137 (51)

Puerto Rico 87 (32)

Cuba 24 (9)

Other 21 (8)
Age

Mean —yr 45.6+8.8 48.1£8.3

Range —yr 18.0-66.0 22.0-65.0

<40 yr — no. (%) 75 (28) 49 (16)
Weight

Mean — kg 83.2£18.1 84.4£19.0

Range — kg 50.0-167.4 44.1-153.0

>85 kg — no. (%) 100 (37) 136 (45)
Height

Mean —cm 167.2+9.4 173.4+9.8

Range —cm 142.2-198.0 147.0-200.0

>175 cm — no. (%) 49 (18) 134 (45)
BMIf

Mean 29.7+5.26 27.9+5.39

Range 18.7-48.3 16.7-51.4

>27 —no. (%) 175 (65) 152 (51)

>30 — no. (%) 108 (40) 75 (25)
ALT quotient::

Mean 2.2+1.5 2.1+1.8

>3 —no. (%) 66 (25) 50 (17)
HCV

Mean — log,, 1U/ml 6.3+0.8 6.4+0.8

HCV >400,000 IU/ml — no. (%) 229 (85) 254 (85)

HCV >800,000 IU/ml — no. (%) 202 (75) 228 (76)
Cirrhosis — no. (%) 36 (13) 29 (10)
Histologic features§

Ishak-modified HAI score 7.0£1.7 6.5£2.0

Ishak-modified HAI fibrosis score 2.6x1.3 2.3x12
Mode of HCV acquisition — no. (%)

Transfusion 52 (19) 49 (16)

Injection-drug use 118 (44) 140 (47)

Other percutaneous means 32 (12) 34 (11)

Sexual exposure 6(2) 5(2)

Not determined 46 (17) 46 (15)

Other 15 (6) 26 (9)

* Plus—minus values are means +SD. HCV denotes hepatitis C virus.

T The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.

I The alanine aminotransferase (ALT) quotient was calculated as the ALT level divided by the upper limit of the normal
range (ULN).

§ Paired liver-biopsy samples and histologic assessments were available for 157 Latinos and 201 non-Latinos. The Ishak-
modified histologic-activity index (HAI) score was the sum of the scores for periportal or bridging necrosis (or both), con-
fluent necrosis, focal necrosis, and portal inflammation, ranging from 0 (none) to 18 (severe). The Ishak-modified HAI fibro-
sis score was assigned according to the following criteria: 0, no fibrosis; 1, fibrosis in some portal areas; 2, fibrosis in most
portal areas; 3, bridging fibrosis; 4, bridging and portal-to-central fibrosis; 5, marked bridging fibrosis; and 6, cirrhosis.
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group of an alanine aminotransferase quotient
that was more than 3 of the normal range (vs.
three times or less). Although the BMI was high-
er in Latinos than in non-Latinos, the difference
in rates of sustained virologic response between
the two groups persisted across BMI strata when
corrected for the alanine aminotransferase quo-
tient, age, and viral load. We observed a linear
effect of a BMI of 30 or less on the rate of sus-
tained virologic response, with higher values hav-
ing a constant effect, among both Latinos and
non-Latinos (data not shown).

On the basis of multiple logistic-regression
analyses, ethnic background was a predictor of the
rate of sustained virologic response that remained
significant after adjustment for all other signifi-
cant baseline characteristics — including those
with a significant interaction with ethnic group,
such as the alanine aminotransferase quotient
(Fig. 3). Baseline HCV RNA levels were predictive
of the rate of sustained virologic response in the
entire study population and in each of the two
groups. However, other baseline predictors varied
between the two groups. A baseline alanine ami-
notransferase quotient of 3 or less was predictive
of a sustained virologic response among Latino
patients, whereas an alanine aminotransferase
quotient of more than 3 was predictive among non-
Latino patients. In addition, whereas an absence
of cirrhosis was predictive of a sustained virologic
response in the total population as well as in the
Latino group, male sex was predictive in the non-
Latino group.

In patients for whom histologic data were avail-
able from liver biopsies performed before initia-
tion of study treatment (in most patients, within
3 months before initiation or at screening) and
at week 72, the histologic response to treatment
was greater among non-Latinos than among La-
tinos. At week 72, 59% of non-Latino patients and
47% of Latino patients had a response (a drop of
>2 points from the baseline score for the Ishak-
modified histologic-activity index, P=0.03). Sim-
ilarly, with regard to the fibrosis score, more
non-Latinos (42%, vs. 25% of Latinos) had an
improvement (a decrease of >1 point) and more
Latinos (22%, vs. 18% of non-Latinos) had a wors-
ening (an increase of >1). The overall response,
reflected by fibrosis scores, favored non-Latinos
(P=0.003). A greater proportion of Latinos had
more than 33% fatty cells on liver biopsy (13%, vs.
8% of non-Latinos).

Figure 2 (facing page). Clinical Outcomes among
the Study Patients.

Panel A shows the percentages of the 269 Latino pa-
tients and 300 non-Latino patients with a virologic re-
sponse, defined as an undetectable serum hepatitis C
virus (HCV) RNA level (<28 IU per milliliter), during
the study period. Treatment was administered through
week 48, and the primary end point of a sustained viro-
logic response (SVR) was measured at week 72 (24
weeks after treatment cessation). The reductions in the
virologic response (and the corresponding 95% confi-
dence intervals) among the Latino patients as com-
pared with the non-Latino patients were as follows:

—6 percentage points (—12 to 0) for week 4, 15 per-
centage points (-23 to —7) for week 12, 13 percentage
points (—22 to —6) for week 24, —17 percentage points
(—24 to —-9) for week 48, and —16 percentage points
(—24 to —8) for week 72. Patients with missing HCV
RNA measurements at the various time points were in-
cluded in the analysis as not having a response. Panel
B shows the percentages of the 269 Latino patients
and 300 non-Latino patients with various virologic re-
sponses at week 72 in the intention-to-treat analysis. A
total of 90 patients in the Latino group and 148 in the
non-Latino group had a sustained virologic response;
50 in each group had a relapse, and 129 and 102, re-
spectively, did not have a response. In Panels A and B,
patients with missing HCV RNA measurements at the
various time points were included in the analysis as
not having a response. Panel C shows the effect of La-
tino ethnic background (vs. non-Latino background)
on the rate of SVR, according to baseline characteris-
tics. Although the Breslow—Day test of homogeneity
showed a significant effect of an alanine aminotrans-
ferase (ALT) quotient (the ALT level divided by the up-
per limit of the normal range [ULN]) that was 3 or less,
as compared with a value that was more than 3, the
point estimates for the two odds ratios according to
ALT category were both less than 1.0. This similarity
suggests that the relative effect of Latino versus non-
Latino background is more pronounced among pa-
tients with an ALT quotient of more than 3. Odds ra-
tios for Latino versus non-Latino background were
similar among the categories of all other baseline char-
acteristics. The body-mass index (BMI) is the weight in
kilograms divided by the square of the height in me-
ters. CMH denotes Cochran—Mantel-Haenszel.

DRUG DOSES AND SIDE EFFECTS

The mean and median doses of ribavirin and
peginterferon alfa-2a were 13.6 and 13.7 mg per
kilogram per day and 173.4 and 180.0 ug per week,
respectively (Fig. 1 in the Supplementary Appen-
dix). The peginterferon alfa-2a dose was reduced
in 23% of Latinos and 27% of non-Latinos. The
ribavirin dose was reduced in 35% of Latinos and
36% of non-Latinos (Table 2 in the Supplementary
Appendix). Compliance with treatment was simi-
lar in the Latino and non-Latino groups, as re-

N ENGLJ MED 360;3 NEJM.ORG JANUARY 15, 2009

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.

Copyright © 2009 Massachusetts Medical Society. All rights reserved.



PEGINTERFERON ALFA-2a AND RIBAVIRIN IN LATINO AND NON-LATINO WHITES WITH HEPATITIS C

A Virologic Response B Virologic Outcome
[ Latino B Non-Latino [ No response
[ Relapse
100+ [ SVR
g0 P=0.045 P<0.001 P<0.001 P<0.001 P<0.001
73 73
70 34
ol 63 60 y 3 48
w0
2 ®
5 301
204 20 49
14 34
10
0 0
4 12 24 72 Latino Non-Latino
Week
C 0Odds Ratio for SVR among Latinos (vs. non-Latinos)
Subgroup Odds Ratio (95% Cl) P Value
Test of homo- Common odds
geneity ratio test CMH test
Age 0.86 0.49 <0.001
<40 Yr —— 0.46 (0.22-0.96)
>40 Yr —— 0.50 (0.34-0.74)
Sex 0.16 0.51 <0.001
Female { 0.72 (0.40-1.30)
Male —— 0.43 (0.28-0.65)
Weight 0.99 0.53 <0.001
<85 kg —— 0.53 (0.34-0.83)
>85 kg —)— 0.53 (0.31-0.90)
ALT quotient 0.002 — —
<3 —— 0.67 (0.46-0.98)
>3 —— 0.16 (0.07-0.37)
HCV 0.72 0.51 <0.001
<400,000 [U/ml ) 0.44 (0.18-1.06)
>400,000 IU/ml —— 0.52 (0.36-0.76)
Cirrhosis 0.62 0.52 <0.001
Yes % 0.40 (0.14-1.19)
No —— 0.54 (0.38-0.77)
BMI 0.62 0.50 <0.001
>30 —— 0.56 (0.31-1.03)
<30 —0— 0.47 (0.30-0.72)
BMI 0.94 0.50 <0.001
>27 —— 0.49 (0.32-0.77)
<27 —)— 0.51 (0.29-0.89)
0.00 0.50 1.00 1.50

flected by the similar cumulative doses (7039 ug
and 7270 ug of peginterferon, respectively; and
301,780 mg and 312,546 mg of ribavirin) and the
similar proportions of patients who completed
treatment (71% and 75%, respectively).

Adverse events were reported in 98% of all
study patients, and most of the events were con-
sidered to be related to treatment. The incidence

N ENGL ) MED 360;3
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was generally higher in the non-Latino group than
in the Latino group (Table 2). One non-Latino
patient died of liver failure from cirrhosis due to
alcohol abuse. Discontinuation of treatment due
to adverse events occurred in 9% of Latinos and
14% of non-Latinos (Fig. 1), with depression (in
three Latinos and four non-Latinos), suicidal ide-
ation (in three Latinos and three non-Latinos),

JANUARY 15, 2009

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

263



The NEW ENGLAND JOURNAL of MEDICINE

A Al Patients
Subgroup Odds Ratio for SVR (95% ClI) P Value
Ethnic group (non-Latino 0 <0.001
vs. Latino) 6.93
Baseline HCV RNA level (<400,000 _()_ <0.001
vs. >400,000 [U/ml) 2.92
Baseline ALT quotient _()_ 0.06
(=3 vs.>3) 1.85
Cirrhosis —— 0.05
(no vs. yes) 1.83
BMI - 0.09
(>27 vs. <27) 137
I T T T T
0.00 1.00 4.00 8.00 12.00 16.00
B Latinos
Subgroup Odds Ratio for SVR (95% Cl) P Value
Baseline HCV RNA level (<400,000 O 0.008
vs. >400,000 1U/ml) 2.62
Cirrhosis ) 0.100
(no vs. yes) 2.13
Baseline ALT quotient R 0.08
(s3vs.>3) 1.79
T T T T T
0.00 1.00 2.00 3.00 4.00 5.00
C Non-Latinos
Subgroup Odds Ratio for SVR (95% Cl) P Value
Baseline HCV RNA level (<400,000 { 0.002
vs. >400,000 [U/ml) 3.11
Baseline ALT quotient T 0.01
(>3 vs. <3) 2.33
Sex (male vs. female) 0.07

1.60
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Figure 3. Associations of Baseline Prognostic Factors with a Sustained
Virologic Response (SVR).

The results of multiple logistic-regression analysis are shown for the total
study population (Panel A), the Latino group only (Panel B), and the non-
Latino group only (Panel C). A stepwise selection method, with P values of
0.15 or less for entry into the model and P values of 0.20 or more for re-
moval, was used in the multivariable logistic-regression analysis. The odds
ratio for the interaction of ethnic group and the alanine aminotransferase
(ALT) quotient was 0.22 (95% confidence interval [Cl], 0.09 to 0.56;
P=0.001). The ALT quotient was calculated as the ALT level divided by the
upper limit of the normal range (ULN). The body-mass index (BMI) is the
weight in kilograms divided by the square of the height in meters. HCV de-
notes hepatitis C virus.

drug abuse (in two Latinos and three non-Latinos),
and fatigue (in two Latinos and three non-Latinos)

reported as the most common reasons.

DISCUSSION
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This large, prospective study shows that Latino
white patients infected with chronic HCV geno-
type 1 have a lower rate of response to standard
therapy with peginterferon alfa-2a and ribavirin

N ENGLJ MED 360;3

than do non-Latino whites. The primary efficacy
analysis showed that the sustained virologic re-
sponse rate was lower in the Latino group than in
the non-Latino group.

Multiple logistic-regression analysis with ad-
justment for baseline characteristics revealed that
non-Latino ethnic background was a strong in-
dependent predictor of a sustained virologic re-
sponse. The baseline viral load was predictive of
the rate of sustained virologic response in the total
study population as well as in both study groups,
a finding that is consistent with the results of
other studies.*>*5 In this study, a low alanine ami-
notransferase quotient and the absence of cirrho-
sis predicted a sustained virologic response among
Latinos, whereas a high alanine aminotransferase
quotient and male sex were predictive among non-
Latinos.

The difference in the rate of sustained virologic
response between Latinos and non-Latinos could
not be explained completely by the baseline char-
acteristics of the two groups. Characteristics that
have been reported to be associated with the re-
sponse to therapy, including the HCV RNA level,
sex, and weight, appeared to be similar in the two
groups.'»1” Contrary to previously published data,®
the response rate among patients with higher BMI
values was at least as high as the rate among pa-
tients with lower BMI values. This finding may
be due to a recognition that higher ribavirin doses
were required to optimize therapy in obese pa-
tients, as well as to the use of 200 mg instead of
600 mg as the step-down dose reduction to man-
age anemia.'® The finding is consistent with the
observation that the BMI, which was higher in
Latinos, did not explain the difference in response
between the two groups after adjustment for mul-
tiple factors, including the presence or absence of
cirrhosis, alanine aminotransferase quotient, age,
and HCV RNA viral load.

Other factors related to treatment, such as the
total amount of drug received, need for dose re-
duction, discontinuation of a study drug, and
compliance with therapy, did not explain the lower
sustained virologic response rate among Latinos
than among non-Latinos. More Latinos than non-
Latinos discontinued the study drugs owing to an
insufficient therapeutic response, whereas there
was a trend toward a higher rate of discontinu-
ation because of safety concerns among non-Lati-
no patients. In a noncontrolled study of treatment
with interferon alfa-2b and ribavirin, Cheung et
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Table 2. Adverse Events in the Study Patients.*

Adverse Event

Treatment related
Serious
Most commonT
Fatigue
Pyrexia
Influenza-like illness
Irritability
Nausea
Diarrhea
Insomnia
Depression
Headache
Dizziness
Rash
Alopecia
Pruritus
Myalgia
Arthralgia
Cough
Anemia
Clinically meaningful hematologic effects
Hemoglobin <10 g/dI
Platelet count <50x10°/liter
Neutrophil count <750/mm?

Hematopoietic stimulants used

Latino (N =269) Non-Latino (N=299)

number of patients (percent)

259 (96) 291 (97)

42 (16) 48 (16)

167 (62) 205 (69)

67 (25) 36 (29)

78 (29) 74 (25)

45 (17) 84 (28)

84 (31) 117 (39)

57 (21) 66 (22)

91 (34) 140 (47)

73 (27) 82 (27)

128 (48) 156 (52)

46 (17) 59 (20)

62 (23) 98 (33)

49 (18) 59 (20)

42 (16) 61 (20)

64 (24) 57 (19)

57 (21) 61 (20)

43 (16) 74 (25)

60 (22) 77 (26)

43 (16) 59 (20)

16 (6) 16 (5)

52 (19) 90 (30)

28 (10) 54 (18)

* One of the 300 non-Latino white patients did not have post-baseline data available.
T The most common adverse events were those reported in 20% or more of patients in either group.

al.2° found that premature discontinuation of
treatment was a reason for a lower rate of sus-
tained virologic response among Latino patients
than among non-Latino whites, but the authors did
not differentiate between discontinuation due to
side effects and discontinuation for other reasons.

Excessive weight, steatosis, and insulin resis-
tance have all been shown to reduce the prob-
ability of a sustained virologic response to treat-
ment.'®2122 Latinos have a higher prevalence of
insulin resistance and diabetes mellitus than do
non-Latino whites and blacks.?? In our study,
greater proportions of Latino patients were obese,
had diabetes as a concomitant disease, and had
more than 33% fatty cells on liver biopsy, results

that are consistent with previous findings.® Al-
though the metabolic profiles of patients were not
assessed in this trial, it would be of interest to
explore the interplay between metabolic status and
treatment response among Latinos.

Latinos also have an increased prevalence of
other risk factors that are associated with a re-
duced rate of response to standard HCV therapy,
including cirrhosis, HIV coinfection, heavy alco-
hol consumption, and drug abuse.>%# Therefore,
we controlled for these factors by excluding pa-
tients with HIV coinfection and lifestyle risk fac-
tors and balanced the proportions of patients with
cirrhosis in the two groups. The effects of race
and HCV genotype were also controlled by enroll-
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ing only whites with genotype 1 infection. In par-
ticular, blacks are known to have a low rate of
response to standard therapy.'*2+ We further
controlled for the effect of race by limiting the
Latino population to those whose parents and
grandparents were also white Latinos. Because
Latinos of Caribbean descent are more likely than
other Latinos to have relatives of African origin
in their ancestry, in a post hoc analysis we com-
pared the rates of sustained virologic response
among Latinos of various countries of origin and
found no significant differences.

Thus, by controlling for multiple variables in
the design of the study, we demonstrated that
there are underlying factors related to Latino or
non-Latino background, possibly due to genetic
and immune differences, in the response to HCV
infection — and particularly in the proportion of
patients without a response. An analogy can be
drawn with black patients in whom a diminished
sustained virologic response probably reflects re-
duced sensitivity to interferon®> or diminished
HCV-specific immunity.2° Toll-like receptors, which
normally contribute to innate immunity?”2# and
are associated with protection from the develop-
ment of fibrosis,?° may contribute to reduced re-
sponse rates. Studies have suggested that a poor
response to therapy with peginterferon and riba-
virin may be due to genetic variation, but little is
known about whether specific haplotypes are
more common in certain racial or ethnic groups,
and we did not conduct any genetic analyses.3%3*
The multiple exclusions that were needed in our
study to ensure that the two groups were compa-
rable is also a limitation of the study. The esti-
mated sustained virologic response of Latino pa-
tients may be generalizable only to the Latino
population with characteristics similar to those
in this study; however, the study design allowed
us to explore underlying differences in two rela-
tively homogeneous populations.

The results of this large, prospective trial show
that Latino white patients have a lower rate of
response to standard HCV therapy than do non-
Latino whites, substantiating findings from other
small or retrospective studies.2:32-35 These find-

ings point to an important public health issue,
since Latinos, the fastest-growing minority pop-
ulation in the United States, have a higher preva-
lence of HCV? and more rapid fibrosis progres-
sion® than do non-Latino whites. The predicted
expansion of the number of Latinos in the United
States suggests that the prevalence of HCV infec-
tion will increase. These factors are likely to con-
tribute to the already increasing rates of illness
and death due to liver disease among Latinos.

The results of this study add to a growing body
of evidence of differences in treatment responses
among ethnic groups and underscore the need to
optimize treatment strategies in order to improve
the rate of sustained virologic response among
Latino patients infected with HCV genotype 1.
Latinos should be considered for clinical trials in-
volving specifically targeted antiviral therapies for
hepatitis C to determine whether the addition of
investigational agents to standard therapy im-
proves the rate of response in this difficult-to-
treat population.
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