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Background

The Extension for Community Healthcare Outcomes (ECHO) model was developed to 
improve access to care for underserved populations with complex health problems 
such as hepatitis C virus (HCV) infection. With the use of video-conferencing tech-
nology, the ECHO program trains primary care providers to treat complex diseases.

Methods

We conducted a prospective cohort study comparing treatment for HCV infection at 
the University of New Mexico (UNM) HCV clinic with treatment by primary care clini-
cians at 21 ECHO sites in rural areas and prisons in New Mexico. A total of 407 patients 
with chronic HCV infection who had received no previous treatment for the infec-
tion were enrolled. The primary end point was a sustained virologic response.

Results

A total of 57.5% of the patients treated at the UNM HCV clinic (84 of 146 patients) 
and 58.2% of those treated at ECHO sites (152 of 261 patients) had a sustained viral 
response (difference in rates between sites, 0.7 percentage points; 95% confidence 
interval, −9.2 to 10.7; P = 0.89). Among patients with HCV genotype 1 infection, the 
rate of sustained viral response was 45.8% (38 of 83 patients) at the UNM HCV 
clinic and 49.7% (73 of 147 patients) at ECHO sites (P = 0.57). Serious adverse events 
occurred in 13.7% of the patients at the UNM HCV clinic and in 6.9% of the patients 
at ECHO sites.

Conclusions

The results of this study show that the ECHO model is an effective way to treat HCV 
infection in underserved communities. Implementation of this model would allow 
other states and nations to treat a greater number of patients infected with HCV 
than they are currently able to treat. (Funded by the Agency for Healthcare Research 
and Quality and others.)
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The Extension for Community Health-
care Outcomes (ECHO) model was devel-
oped by the University of New Mexico (UNM) 

Health Sciences Center as a platform for both de-
livery of services and outcomes research.1,2 The 
objectives of the ECHO program are to improve 
the access of minorities and other underserved 
populations to best-practice care for hepatitis C 
virus (HCV) infection, to determine the safety 
and efficacy of treatment for HCV infection based 
on the ECHO model in rural communities, and to 
compare the effectiveness of the ECHO model with 
that of university-based clinic treatment. The ECHO 
program increases the accessibility of populations 
outside urban areas to the specialized medical re-
sources of academic medical centers.

An estimated 170 million patients worldwide 
have chronic HCV infection; 3.2 million of these 
patients live in the United States.3,4 Many patients 
were infected in the 1970s and 1980s, leading to 
a rising tide of cirrhosis and hepatocellular carci-
noma.5 Chronic HCV infection accounts for 10,000 
deaths each year in the United States and is the 
leading reason for liver transplantation.6,7

Fortunately, treatment for HCV is available and 
cost-effective; it cures 45% of patients with HCV 
genotype 1 infection and 75% of patients with 
HCV genotype 2 or genotype 3 infection.8-11 A sus-
tained virologic response permanently halts the 
progression of liver disease, reverses fibrosis in 
many patients, and reduces the risk of hepatocel-
lular carcinoma. However, the treatment is com-
plex. Pegylated interferon (peginterferon) and riba-
virin are associated with serious side effects that 
require aggressive management by multidisci-
plinary experts.9-11

Despite advances in treatment and remarkable 
improvements in cure rates, very few persons with 
chronic HCV infection are receiving treatment. The 
total number of prescriptions for HCV antiviral 
medications declined by 34% between 2002 and 
2007. If this trend continues, it is estimated that 
treatment will prevent only 14.5% of potential liver-
related deaths caused by HCV infection between 
2002 and 2030.12 Members of racial and ethnic 
minorities and older patients are less likely than 
other patients to receive needed care.13-16

The reasons for the inadequacy of and insuf-
ficient access to treatment for HCV infection are 
complex and not completely understood. Histori-
cally, few primary care clinicians have offered treat-

ment for HCV infection in rural areas and pris-
ons, owing to a lack of training.17 In 2004, patients 
from rural areas had to wait up to 6 months for 
an appointment at the UNM HCV clinic and had 
to travel up to 250 miles. A typical patient with 
HCV genotype 1 infection would have to make 
an average of 18 trips during the course of treat-
ment. Major barriers to care also exist among 
prison inmates. According to data from the De-
partment of Corrections, 40% of the 6000 inmates 
in the New Mexico Department of Corrections are 
infected with HCV. As of 2003, not a single patient 
in the correctional system had received treatment 
for HCV infection.

Lack of access to specialty care services at 
community-based health centers is a major prob-
lem, particularly for uninsured patients.18,19 Com-
munity-based health centers are often the most 
culturally appropriate and accessible choices for 
care, particularly in rural areas, and providers at 
these centers can establish trust through ongoing 
relationships with patients. Therefore, these cen-
ters can be ideal places to provide complex care for 
HCV infection — if they have access to the needed 
expertise.

Me thods

ECHO Model

With the use of state-of-the-art telehealth tech-
nology, the ECHO program offers primary care 
providers from underserved areas training, ad-
vice, and support in delivering best-practice care 
for patients with complex health conditions such 
as chronic HCV infection. At each of the ECHO 
partner sites, providers participating in the pro-
gram include a lead clinician (a physician, nurse 
practitioner, or physician’s assistant) and a nurse 
or medical assistant, who helps manage patient 
care. Before joining the ECHO network, none of 
the community practice sites had treated patients 
with HCV infection.

Community providers take part in weekly HCV 
clinics, called “knowledge networks,” by joining 
a video conference or calling into a teleconference 
line (see the Supplementary Appendix, available 
with the full text of this article at NEJM.org). The 
providers present their cases by sharing patients’ 
medical histories, laboratory results, treatment 
plans, and individual challenges and ask questions 
about best practices. Specialists at the UNM Health 
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Sciences Center from the fields of hepatology, 
infectious diseases, psychiatry, and pharmacol-
ogy provide advice and clinical mentoring dur-
ing these clinics. Working together, the communi-
ty providers and specialists manage the patients’ 
care according to evidence-based protocols. These 
case-based discussions are supplemented with 
short didactic presentations by interdisciplinary 
experts to improve content knowledge.

This case-based approach creates a “learning 
loop,” in which extensive knowledge is imparted, 
skills are taught, and self-efficacy is encouraged 
in several ways. Longitudinal comanagement of 
illnesses with specialists allows community pro-
viders to practice their expanded knowledge and 
skills in a manner that builds self-efficacy in han-
dling real-world situations with their patients, 
while ensuring that they follow best practices as 
they learn. Learning from other community-based 
providers who have faced similar challenges and 
clinical situations is facilitated through shared 
case-management decision making.

Currently, there are 16 community sites and 
5 prisons in which treatment for HCV infection 
is delivered with the use of the ECHO model. 
Since ECHO’s inception in 2003, there have been 
more than 5000 case presentations, and 800 pa-
tients have been treated. We conducted a pro-
spective cohort study to assess the safety and 
efficacy of treatment based on the ECHO model, 
as compared with treatment at a university HCV 
clinic. Our hypothesis was that when treatment 
for HCV infection is delivered in the community 
(or prison) with the use of the ECHO model, it 
is as effective as that provided at the academic 
medical center.

Study Population

Patients could be included in the ECHO or UNM 
(active-control) cohort if they were between 18 
and 65 years of age, had evidence of chronic HCV 
infection with detectable HCV RNA, had not re-
ceived treatment for HCV infection before Sep-
tember 7, 2004, and initiated treatment between 
September 7, 2004, and February 29, 2008 (for 
patients with HCV genotype 1 or 4 infection) or 
between September 7, 2004, and August 15, 2008 
(for patients with HCV genotype 2 or 3 infection). 
Since HCV genotype 1 and genotype 4 infections 
require a longer duration of treatment, this dis-
tinct timing allowed us to identify a definitive 

outcome for all subjects within the cohort before 
December 31, 2009.

Patients were excluded if they had an absolute 
neutrophil count of less than 1500 per cubic mil-
limeter, a platelet count of less than 75,000 per 
cubic millimeter, a creatinine level higher than 
2.0 mg per deciliter (176.8 μmol per liter), co-
infection with human immunodeficiency virus 
or hepatitis B virus, a history of a solid-organ 
transplantation, or decompensated liver disease.

Study Design

This study had a prospective cohort design. All 
patients received standard treatment for HCV in-
fection (according to the ECHO clinical protocol), 
with peginterferon administered at standard dos-
es and ribavirin administered at doses based on 
the patient’s weight (for patients with all geno-
types). Early in the study period, the duration of 
treatment was based on genotype alone (48 weeks 
for patients with genotype 1 or genotype 4 in-
fection and 24 weeks for patients with other ge-
notypes). Starting in September 2006, the treat-
ment period was extended for patients who had 
a slow response to therapy. Growth factors were 
administered as clinically indicated. Clinical ad-
verse events were monitored throughout the study. 
The aspartate aminotransferase:platelet ratio in-
dex (APRI) was used to estimate the extent of fi-
brosis and cirrhosis. The higher the APRI score, 
the more likely a patient is to have extensive fibro-
sis or cirrhosis.

The study was approved by the institutional 
review board at the UNM Health Sciences Center. 
The requirement for informed consent was waived 
because all patients received care according to ac-
cepted standards and the data that were collect-
ed were considered to be part of routine care.

End Point

The primary end point was a sustained virologic 
response, which was defined as an undetectable 
HCV RNA level 24 weeks after the end of treat-
ment. All patients who received at least one dose 
of interferon were included in the analysis. Sub-
jects without follow-up data were considered to 
have had treatment failure.

Assessment of Safety

Safety was assessed by means of laboratory test-
ing and through information obtained at visits 
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on weeks 1, 2, and 4 and monthly thereafter. Se-
rious adverse events were reported and investigated. 
An independent data and safety monitoring com-
mittee evaluated all serious adverse events.

Statistical Analysis

Continuous variables are expressed as means 
±SD. Differences between the groups in contin-
uous variables were analyzed with the use of Stu-
dent’s t-test (with 95% confidence intervals) or 
the Mann–Whitney U test. P values of less than 
0.05 were considered to indicate statistical sig-
nificance. Since this study was not randomized, 
multivariate analysis was used to verify that the 
two treatments did not differ significantly after 
adjustment for demographic and baseline clini-
cal characteristics of the patients. Stepwise logis-
tic regression was used to identify predictors of 
sustained virologic response that might be con-
founders, including age; sex; race or ethnic group; 
marital status; employment status; housing status; 
route of transmission; height, weight, and body-
mass index (BMI); HCV viral load; genotype; APRI 
score; levels of blood urea nitrogen, creatinine, as-
partate aminotransferase, alanine aminotransfer-
ase, alkaline phosphatase, total bilirubin, total pro-
tein, albumin, and hemoglobin; white-cell, platelet, 
and absolute neutrophil counts; red-cell distribution 
width; and mean corpuscular volume.

R esult s

Patients

During the study period, 519 patients were start-
ed on treatment for HCV infection. A total of 112 
patients were excluded, leaving 407 who were in-
cluded in the analysis (Fig. 1). There were base-
line differences between the two cohorts (Table 1). 
The ECHO cohort, as compared with the UNM 
cohort, included a significantly higher proportion 
of men (96% of the patients treated in the prison 
system were men) and a larger percentage of His-
panics, and the patients in the ECHO cohort had 
higher values for mean weight and BMI. In addi-
tion, the patients at the UNM HCV clinic were 
older than the patients in the ECHO cohort. Ap-
proximately 56% of the patients in each group had 
HCV genotype 1 infection.

Virologic Response

A total of 58.2% of the patients at the ECHO sites 
(152 of 261 patients) had a sustained virologic 

response, a rate that did not differ significantly 
from that among patients at the UNM HCV clinic 
(57.5%, 84 of 146 patients). The between-group 
difference was 0.7 percentage points (95% confi-
dence interval [CI], −9.2 to 10.7). The overall rate 
of sustained virologic response among patients 
with HCV genotype 1 infection was 48.3%. (See 
Table 2 for the rates of sustained virologic re-
sponse according to genotype and site.) Stepwise 
multivariable logistic-regression analyses identi-
fied several clinical factors as independent predic-
tors of sustained virologic response: genotype 1, 
alanine aminotransferase level, and APRI score 
(Table 3). After adjustment for patient character-
istics, the rate of sustained virologic response 
did not differ significantly according to the site 
of treatment (UNM clinic or ECHO site) (adjusted 
odds ratio at ECHO site vs. UNM, 1.04; 95% CI, 
0.67 to 1.60).

Safety

Overall, more patients in the UNM HCV clinic co-
hort than in the ECHO cohort had a serious ad-
verse event (13.7% vs. 6.9%, P = 0.02). In addition, 
more patients in the UNM HCV clinic cohort than 
in the ECHO cohort had a serious adverse event 
leading to termination of treatment (8.9% vs. 4.2%, 
P = 0.05) (Table 4).

Discussion

In this community-based study, we found that treat-
ment for HCV infection delivered with the use of the 
ECHO model was associated with high rates of 
cure. The rates of sustained virologic response in 
our ECHO cohorts (58.2% overall and 49.7% among 
patients with HCV genotype 1 infection) were sim-
ilar to those among patients in the study’s com-
parison group, who were treated at an academic 
medical center, and to the rates reported in licens-
ing trials of peginterferon and ribavirin for the 
treatment of HCV infection.9-11 Previous commu-
nity-based treatment studies have failed to repli-
cate the results of licensing trials. For example, in 
the Weight-Based Dosing of Peg interferon alfa-2b 
and Ribavirin trial (WIN-R; ClinicalTrials.gov 
number, NCT00299936),20 the rate of sustained 
viral response was 34% among patients with HCV 
genotype 1 infection. The Veterans Affairs obser-
vational cohort study conducted at 121 facilities 
showed a rate of sustained viral response of 20% 
among patients with HCV genotype 1 infection.21
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 407 Enrolled in study

519 Patients initiated treatment
during study period

112 Were excluded
2 Were >65 yr of age

12 Had ANC <1500/mm3

1 Had creatinine level >2.0 mg/dl
8 Had decompensated liver disease
3 had HBV coinfection
7 Had HIV coinfection

17 Had platelet count <75,000/mm3

60 Had previous HCV treatment
2 Underwent solid-organ transplantation

 261 Were treated at ECHO sites
146 Were treated at university

HCV clinic

82 (31.4%) Discontinued
treatment

179 (68.6%) Completed
scheduled treatment

11 Had serious
adverse event

15 Had side effects
23 Had other 

reason for
discontinuation

175 Had negative
viral load at end

of treatment

4 Had viral
breakthrough

4 Had viral
breakthrough

33 Did not have
a virologic
response

16  Did not have
a virologic
response

13 Had serious
adverse event

10 Had side effects
15 Had other 

reason for
discontinuation

88 Had negative
viral load at end

of treatment

3 Had SVR

152 (58.2%) Overall had SVR 84 (57.5%) Overall had SVR

12 Had SVR149 Had SVR

9 Had relapse 6 Had relapse

72 Had SVR

158 Completed
scheduled
follow-up

78 Completed
scheduled
follow-up

54 (37.0%) Discontinued
treatment

92 (63.0%) Completed
scheduled treatment

Figure 1. Treatment and Follow-up of Patients.

ANC denotes absolute neutrophil count, ECHO Extension for Community Healthcare Outcomes, HBV hepatitis B virus, HCV hepatitis C virus, 
HIV human immunodeficiency virus, and SVR sustained virologic response.
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Our study cohort, particularly at the ECHO 
sites, was predominately Hispanic. We met our 
goal of increasing treatment for minority and 
other underserved patients. A recent study by the 
Latino Study Group (NCT00107653) showed that 
for patients with HCV genotype 1 infection, the 
rates of sustained virologic response were signifi-
cantly lower among Hispanic patients than among 
non-Hispanic patients (34% vs. 49%).22 We did 
not see a difference in sustained virologic response 
between Hispanic and non-Hispanic patients in 
our study. Research suggests that disparities in 
treatment according to race or ethnic group may 
be due to geographic differences resulting in inad-
equate access to high-quality care, particularly 
specialty care.23-25 Treatment with the use of the 
ECHO model overcomes this barrier by bringing 
to the rural clinician the expertise and clinical 

resources that may not otherwise be available, 
thus positively affecting the outcomes.

Our study design has three principal limita-
tions. First, there was no comparison group com-
prising patients who were treated in rural settings 
without the ECHO model. The barriers to treat-
ment are so formidable and concerns for safety so 
great that in 2004 almost no patients with HCV 
infection in rural and frontier areas of New Mexico 
were receiving treatment. Second, we were unable 
to randomly assign providers to a group using 
the ECHO model or a control group without 
ECHO support because we could not ethically 
encourage control providers to treat HCV infection 
without training; in addition, we could not ran-
domly assign patients owing to the nature of the 
study. Third, in a prospective cohort study, multi-
variate models can adjust for differences in patient 

Table 1. Baseline Characteristics of the Patients.*

Characteristic
ECHO Sites

(N = 261)
UNM HCV Clinic

(N = 146) P Value

Age — yr 41.9±9.8 45.4±9.8 0.001

Male sex — no. (%) 190 (72.8) 66 (45.2) <0.001

Race or ethnic group — no. (%)†

White 244/256 (95.3) 134/146 (91.8) 0.15

American Indian 8/256 (3.1) 3/146 (2.1) 0.53

Black 4/256 (1.6) 3/146 (2.1) 0.72

Asian or Pacific Islander 0 6/146 (4.1) 0.001

Hispanic — no./total no. (%)†‡ 156/242 (64.5) 60/145 (41.4) <0.001

Weight — kg 85.3±15.9 80.3±17.7 0.007

Body-mass index§

Mean 29.4±5.3 28.1±5.7 0.03

≤24.9 — no./total no. (%) 47/246 (19.1) 45/144 (31.2) 0.006

25.0–29.9 — no./total no. (%) 97/246 (39.4) 54/144 (37.5) 0.71

≥30.0 — no./total no. (%) 102/246 (41.5) 45/144 (31.2) 0.05

ALT — U/liter 103±78 97±73 0.44

APRI score¶ 0.935±0.910 0.938±0.847 0.97

Log10 viral load 5.92±0.94 5.84±1.01 0.43

HCV genotype 1 — no. (%) 147 (56.3) 83 (56.8) 0.50

* Plus–minus values are means ±SD. ALT denotes alanine aminotransferase, ECHO Extension for Community Healthcare 
Outcomes, HCV hepatitis C virus, and UNM University of New Mexico.

† Race or ethnic group was determined by the provider.
‡ Data on Hispanic versus non-Hispanic ethnic group were missing for 20 patients.
§ The body-mass index is the weight in kilograms divided by the square of the height in meters.
¶ The aspartate aminotransferase (AST):platelet ratio index (APRI), which was used to estimate the extent of fibrosis and 

cirrhosis, is calculated according to the following formula: [(AST level ÷ upper limit of the normal range) ÷ platelet 
count (109 per liter)] × 100. The higher the APRI score, the more likely a patient is to have extensive fibrosis.
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characteristics that are measured but do not ad-
dress those that are not or cannot be measured.

Although the rate of sustained virologic re-
sponse did not differ significantly according to 
the site of treatment (ECHO site vs. UNM HCV 
clinic) in the multivariate model, the confidence 
interval for the odds ratio was quite broad. This 
result is consistent with a substantial difference 
in the outcome of care between the ECHO sites 
and the UNM HCV clinic. The study was not large 
enough to establish equivalence.

The results of this study show that the ECHO 
model is an effective way to treat HCV infection 
in rural and underserved communities. By im-
plementing this model, other states and nations 

can potentially treat many more patients infect-
ed with HCV than are currently receiving treat-
ment, thereby reducing the enormous burden of 
illness and associated mortality. There are a num-
ber of potential explanations for the success of 
the ECHO model. Community providers, partic-
ularly community-based health centers, provide 
coordinated, patient-centered care in facilities prox-
imate to their patients. Patients are likely to have 
greater trust in local providers, who tend to be 
culturally competent with respect to their specific 
communities. This may enhance patients’ adher-
ence to treatment and allow for greater direct 
contact with the clinician, including more fre-
quent visits. As a result, local providers may be 

Table 2. Sustained Virologic Response According to Genotype and Site of Treatment.*

HCV Genotype ECHO Sites UNM HCV Clinic

Difference between 
ECHO Sites and UNM 

HCV Clinic P Value

no. of patients with response/total no. (%)
percentage points 

(95% CI)

All genotypes 152/261 (58.2) 84/146 (57.5) 0.7 (−9.2 to 10.7) 0.89

Genotype 1 73/147 (49.7) 38/83 (45.8) 3.9 (−9.5 to 17.0) 0.57

Genotype 2 or 3 78/112 (69.6) 42/59 (71.2) −1.5 (−15.2 to 13.3) 0.83

* The rates of sustained virologic response are not reported separately for six patients with genotype 4 or genotype 6. ECHO 
denotes Extension for Community Healthcare Outcomes, HCV hepatitis C virus, and UNM University of New Mexico.

Table 3. Odds Ratio for Sustained Virologic Response in Univariate and Multivariate Models.*

Variable Univariate Model Best Multivariate Model†

Odds Ratio 
for Virologic 

Response
(95% CI) P Value

Adjusted Odds 
Ratio for Virologic 

Response
(95% CI) P Value

ECHO sites vs. UNM HCV clinic 1.03 (0.68–1.55) 0.89 1.10 (0.71–1.70) 0.68

ALT, per 10-unit-per-liter increase 1.05 (1.01–1.09) 0.01

White-cell count, per 1000-cell-per- 
microliter decrease

0.86 (0.76–0.97) 0.02

APRI score, per 1-unit increase 0.43 (0.30–0.62) <0.001

Genotype 1, vs. genotype 2 or 3 0.40 (0.26–0.62) <0.001

* ALT denotes alanine aminotransferase, and APRI aspartate aminotransferase (AST):platelet ratio index.
† P = 0.44 by the Hosmer–Lemeshow test for goodness of fit. The best multivariate model was determined by stepwise 

 logistic regression of sustained viral response. The comparison of the univariate model with the multivariate model 
shows that the similarity of the results of treatment at Extension for Community Healthcare Outcomes (ECHO) sites as 
compared with the University of New Mexico (UNM) hepatitis C virus (HCV) clinic with respect to sustained virologic 
response was not significantly modified by the “best” covariates, even though these covariates were important predic-
tors of sustained virologic response. Other candidate variables included age; sex; race or ethnic group; marital status; 
employment status; housing status; route of transmission; height, weight, and body-mass index; hepatitis C viral load; 
levels of blood urea nitrogen, creatinine, AST, alkaline phosphatase, total bilirubin, total protein, albumin, and hemo-
globin; red-cell distribution width; mean corpuscular volume; absolute neutrophil count; and platelet count.
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better able to comply with best-practice protocols, 
ensure close assessment of the results of labora-
tory tests, offer education tailored to the patient, 
and provide better and more timely management 
of side effects. In addition, the fact that the pri-
mary care of the patient and the management of 
hepatitis are provided by the same clinician en-
sures better coordination of care and fewer com-
munication challenges.

As a result of the success of the model for 
treatment of HCV infection, the ECHO program 
has been expanded to 255 sites. These clinics ad-
dress common and complex health issues, includ-
ing substance-use disorders, cardiac risk factors, 
chronic pain, asthma, rheumatologic conditions, 
and other disorders. The project shows that tech-
nological tools and interdisciplinary collaboration 
can be used to leverage scarce resources for spe-
cialty care.

In conclusion, we found that HCV infection, 
which is a complex disease, can be managed as 

effectively at a center that uses the ECHO model 
as at an academic medical center. ECHO represents 
a needed change from the conventional approach-
es in which specialized care and expertise are avail-
able only at academic medical centers in urban 
areas. The ECHO model has the potential for be-
ing replicated elsewhere in the United States and 
abroad, with community providers and academic 
specialists collaborating to respond to an increas-
ingly diverse range of chronic health issues.
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Table 4. Serious Adverse Events According to Site of Treatment.*

Serious Adverse Event
ECHO Site
(N = 261)

UNM HCV Clinic
(N = 146) P Value

number (percent)

Any 18 (6.9) 20 (13.7) 0.02

Hematologic disorders 0 2 (1.4)

Cardiovascular disorders 0 3 (2.1)

Gastrointestinal and hepatobiliary disorders 7 (2.7) 4 (2.7)

Infections 3 (1.1) 5 (3.4)

Psychiatric disorders 3 (1.1) 2 (1.4)

Other disorders 5 (1.9) 4 (2.7)

Treatment-related 13 (5.0) 15 (10.3)

Leading to discontinuation of treatment 11 (4.2) 13 (8.9) 0.05

* ECHO denotes Extension for Community Healthcare Outcomes, HCV hepatitis C virus, and UNM University of New Mexico.
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