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Article Summary:

Focus:
1. Chronic hepatitis C is common in urban populations with limited financial resources
2. Individual patient characteristics can limit success
3. Effectiveness in challenging patient populations is often lower than efficacy in

randomized controlled trials

Key messages:
1. Effective therapy for chronic hepatitis C can be provided to urban patient populations
with increased co-morbidities
2. Selection process identifies candidates with greater likelihood of better compliance
3. Survival benefit from successful treatment can be achieved with less expensive, older

therapies

Strengths and limitations:
1. Clear demonstration of long-term survival benefit in a high-risk population
2. Effectiveness comparable to efficacy by using selection criteria

3. Single institution retrospective study
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ABSTRACT

Objectives: To demonstrate the effectiveness of hepatitis C virus (HCV) therapy and survival
benefit from sustained virologic remission (SVR) in a safety net hospital population with limited
resources.

Design and setting: We conducted a retrospective cross-sectional study at an urban safety-net
hospital in the U.S.

Participants and intervention: 242 patients receiving standard HCV therapy between 2001 and
2006.

Primary and secondary outcome measures: Response rates, including sustained virologic
response (SVR), were recorded for each patient. Univariate and multivariate analyses were
performed to identify predictors of SVR and 5 year survival.

Results: A total of 242 eligible patients were treated. Treatment was completed in 197 (81%)
patients, with 43 patients discontinuing therapy early — 32 due to adverse events and 11 due to
non-compliance. Complications on treatment were frequent, including 3 deaths. SVR was
achieved in 83 patients (34%). On multivariate analysis, independent predictors of a decreased
likelihood of achieving SVR included African American race (OR 0.20, 95% CI 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). Survival was 98% in those achieving SVR (median follow-up 72
months) and 71% in non-responders and those discontinuing therapy (n = 91, median known
follow-up 65 and 36 months respectively). On multivariate analysis, the only independent
predictor of improved survival was SVR (HR 0.12, 95% CI 0.03 — 0.52). Both cirrhosis and

hypoalbuminemia were independent predictors of increased mortality.
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Conclusions: HCV therapy can be effective despite limited resources. Survival is improved in
those achieving SVR. Treatment before histologic cirrhosis develops, in combination with
careful selection, may improve long-term outcomes without compromising other health care

endeavors in safety net hospitals and areas with financial limitations.
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INTRODUCTION

For many years, standard of care for patients with chronic HCV included treatment with
pegylated interferon and ribavirin (1) based on evidence from randomized controlled trials
(RCTs) (2-4). Conditions in RCTs are often very different than those of clinical practice. Given
this potential discrepancy between an intervention’s efficacy (the effect under carefully
controlled conditions) and effectiveness (the effect when implemented in real-world settings),
there is increasing emphasis on comparative effectiveness research to improve delivery of care
(5, 6). Accordingly, the NIH recently included the evaluation of real-world outcomes of

healthcare interventions in liver disease as a priority area for future research.

Prior studies evaluating the effectiveness of HCV therapy have primarily included well-insured,
Caucasian patients followed in academic centers. However, the effectiveness of HCV therapy is
less well described among under-insured, urban, minority patients. Some have concluded that
current HCV therapy may be ineffective for these patients, warranting new strategies (7).
However, we hypothesized that improved HCV outcomes are possible among this difficult-to-

treat population with the aid of careful patient selection.

Screening for infection in the birth cohort with the highest prevalence of chronic HCV infection,
1.e. those born between 1945 and 1965, remains controversial. While the Centers for Disease
Control and Prevention have made a strong recommendation for this approach (8), the United
States Public Service Task Force (USPSTF) currently is less enthusiastic (Grade C) (9). In
contrast, USPSTF now supports screening in those at high risk (Grade B), previously considered

optional. The primary aim of our study was to report the short-term effectiveness and long-term
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benefit of HCV therapy in an American urban population with a high proportion of difficult-to-

treat patients who were followed in a safety net hospital.
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METHODS

Study Population

We conducted a cross sectional study of all patients initiated on HCV treatment between
November 2001 and October 2006. Eligible patients were seen in the faculty attending-
supervised Liver Clinic at Parkland Health and Hospital System (PHHS). Clinic patients were
evaluated initially by a member of the clinic nursing staff and followed by Gastroenterology
trainees and/or Internal Medicine residents, under the supervision of Hepatology faculty
members (n = 6). After patients had fulfilled a list of basic requirements (supplemental figure ),
the final decision to initiate treatment for any individual patient was made by the supervising

attending physician based on his/her assessment of the patient’s candidacy.

After the treatment decision was made, demographics for all patients were entered into an
electronic file maintained by the clinic nursing staff. The electronic file was used for this
retrospective medical record review. The clinic nursing staff also saw all patients to provide
instructions on medications as well as on interim follow-up visits and offered telephone advice.
Patients were regularly seen in the Liver Clinic while on treatment and followed until SVR or
discontinuation, at which time they returned to primary care or remained in the Liver Clinic,

depending on the complications of liver disease experienced. Long-term follow-up was

accomplished using the Social Security Death Index (prior to the regulatory 10 year embargo on

information and removal of records from the State of Texas) and the combined electronic
medical records of Parkland Health and Hospital System and the University Hospitals of UT
Southwestern. This study was approved by the Institutional Review Board of the University of

Texas Southwestern Medical Center.
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Treatment Regimen

Based on consensus guidelines, patients were treated with weekly pegylated interferon alpha-2b
1.5 pg/kg and daily ribavirin 800-1200 mg. A combination of growth factors and dose reductions
were used for patients with hemoglobin < 10 g/dL, granulocyte count < 500/uL, or platelet
counts < 50,000/uL according to a standard protocol. The intended duration of therapy for
genotypes 1, 4 and 6 was 48 weeks, and the intended duration of therapy for genotypes 2 and 3
was 24 weeks. All patients were scheduled to be seen at regular intervals during treatment, as
deemed necessary based on treatment tolerance, and were followed for an additional 24 weeks

after completion of therapy to determine the presence or absence of SVR.

Data Collection

Patient demographics, clinical history, laboratory data and imaging results were obtained through
review of computerized and paper medical records. Demographics, date of HCV therapy
initiation, medication starting doses, medication dose reductions, use of growth factors, date of
treatment discontinuation, and response rates while on therapy were documented. Response rates
included early virologic response (EVR), end-of-treatment (EOT) response, and/or sustained
virologic response (SVR) rates. We also recorded complication rates, including any
hospitalizations and/or deaths. Laboratory data recorded included HCV genotype, baseline HCV
viral load, white blood cell (WBC) count, hemoglobin, platelet count, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), bilirubin, albumin, international
normalized ratio (INR), and alpha fetoprotein (AFP). Imaging and liver biopsy data were
reviewed to determine the presence or absence of cirrhosis. The presence of cirrhosis was based

on histology or imaging showing a cirrhotic appearing liver with associated signs of portal
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hypertension including splenomegaly, varices, or thrombocytopenia. Date of death for patients

was ascertained using the PHHS electronic medical record and Social Security Death Files.

Statistical Analysis

For continuous variables, we summarized the data by mean and standard deviation, and
compared groups using a two-sample Student t test. For categorical variables, we computed
percentages and compared groups using Fisher’s exact test. We used a multivariate logistic
regression model, with stepwise variable selection, to determine predictors for SVR. Statistical
significance was defined as a p-value < 0.05 on univariate and multivariate analyses. All

analyses were performed using SAS 9.2 (SAS Institute, Cary, NC).
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RESULTS

Eligibility for Therapy

The study subjects comprised all patients in the Liver Clinic meeting selection criteria and
undergoing anti-viral treatment for chronic HCV infection between November 2001 and October
2006. Every patient with chronic HCV being followed in the Liver Clinic or newly referred by a
primary care provider was considered for treatment once pegylated interferon was approved by
the Pharmacy and Therapeutics Committee in 2001. Between 2001 and 2006, 1,966 subjects
accounted for 2,370 new referrals; of these 126 received at least one dose of pegylated interferon
and ribavirin. The remaining subjects never became eligible or were deemed unsuitable. In an
electronic look-back over new patient referrals from a two-year period (2004 and 2005, n = 989),
366 referrals (37%) were for patients ineligible for clinic appointments at that time (see
algorithm, supplemental figure). Clinic appointments were offered to 597 individuals (623
referrals) of whom 389 attended the clinic at least once (i.e. 35% did not keep the clinic
appointment). A total of 57 individuals were commenced on treatment (15% of those keeping at

least one appointment).

Common reasons for initial exclusion after electronic medical record review, that followed
referral from a primary care provider, included severe thrombocytopenia (defined as platelet
count < 50,000/uL), uncontrolled diabetes (defined as HbA1C > 9%), uncontrolled depression,
and positive urine toxicology screen (supplemental figure). Reasons for not initiating patients on
therapy affer physician evaluation in the clinic included co-morbid conditions (autoimmune

disease, heart disease, lung disease and psychiatric disease), continued alcohol consumption,
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early stage histology, and/or socio-economic barriers that would prevent regular follow-up

during treatment.

Patient Characteristics

Demographic and clinical characteristics of the study population are shown in Table I and the
supplemental table. The study subjects included 166 (68%) patients with genotype 1 infection,
64 (27%) with genotype 2 or 3, and 12 (5%) patients with other genotypes. The median age of
the patients was 48 years (range 20-68 years), 72% were in the birth cohort 1045-1065 and 51%
(n=123) were male. The subjects were racially and ethnically diverse with 31% African
American, 14% Hispanic and 47% non-Hispanic white. Common co-morbid conditions included
depression or other psychiatric disease (74 patients, 31%), hypertension (68 patients, 28%) and
diabetes mellitus (40 patients, 17%). Co-morbid conditions potentially associated with decreased
response rates included morbid obesity (BMI > 40; 22 patients, 9%) and HIV (7 patients, 3%).
Cirrhosis was present histologically in 31%, 36 patients biopsied before treatment initiation and

another 40 patients by clinical criteria.

Newly referred patients (n = 126 subjects, with 164 separate referrals) were largely similar to
patients entering the clinic via other processes (supplemental table). The latter group included
patients seen in the clinic while meeting selection criteria, being followed awaiting formulary
approval and those referred after an inpatient hospitalization. The only significant differences
were the higher prevalence of diabetes (p = 0.003) and the higher viral load (p = 0.02) in the
newly referred subjects. The referral subject population had trends towards more African

Americans, higher BMI and fewer deaths in follow-up.
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Treatment Response

Therapy was completed in 197 (81%) patients, with 43 patients discontinuing treatment
prematurely (Figure 1). Therapy was discontinued for adverse events in 32 patients including 3
deaths and another 11 patients were non-compliant with follow-up appointments. There was a
trend toward higher treatment discontinuation rates for genotype 1 than genotype 2/3 patients but
this did not reach statistical significance (p = 0.16). Of the 7 patients with HIV (6 Caucasian and
genotype 1, 1 Hispanic and genotype 3), 4 discontinued therapy after side effects, none achieved

SVR.

Overall, SVR was achieved in 83 (34%) patients, including 39 (24%) of those with genotype 1
and 39 (61%) of those with genotype 2/3 infection (p < 0.001). There was no significant
difference in rates of SVR between subjects newly referred to the clinic (46/126, 37%) and
subjects in the clinic awaiting formulary approval or referred after an inpatient hospitalization
(36/116, 32%). Of note, 10 of 22 patients with morbid obesity (BMI range 41 — 50) were treated

successfully; 7 had genotype 1 infection, 2 of whom were African American women.

SVR was obtained in only 11% of African American patients, compared to 44% of non-Hispanic
whites (p <0.001) and 38% of Hispanic patients (p = 0.001). This difference in SVR rates was
primarily seen among those with genotype 1 infection. SVR was achieved in only 7% of African
Americans with genotype 1 infection, compared to 40% of non-Hispanic whites (p <0.001) and
24% Hispanics (p = 0.03). SVR rates did not significantly differ by race/ethnicity among patients
with genotype 2/3 infection. African Americans with genotype 2/3 infection had SVR in 60% of

cases, compared to 55% of non-Hispanic whites (p = 0.82) and 78% Hispanics (p = 0.48).
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Cirrhosis was associated with significantly lower rates of SVR, only 10 (13%) cirrhotic patients
achieved SVR. Among genotype 1 patients, SVR was achieved in 34 (31%) of 108 patients
without cirrhosis compared to only 5 (9%) of 57 patient with cirrhosis. Similarly, SVR rates
were significantly higher among non-cirrhotic genotype 2/3 patients than those with cirrhosis

(70% vs. 35%, p=0.01).

In small numbers of patients (n = 14), having 3 or more co-morbid conditions reduced the
likelihood of achieving SVR (3/14, 21%). Patients with diabetes were less likely to respond
favorably (7/40, 18% SVR) as were those with hypertension (15/68, 22% SVR). Psychiatric

disease (depression or schizophrenia) did not affect SVR rates (26/66, 39%).

Negative predictors of SVR on univariate analysis included HCV genotype 1 infection (p <
0.001), African American race (p < 0.001), presence of cirrhosis (p = 0.001), thrombocytopenia
(p = 0.005) and diabetes (p = 0.02). Neither Hispanic ethnicity nor anemia (Hb < 12 g/dL) was a
significant predictor of response. On multivariate analysis (Table II), independent predictors of
failure to achieve SVR included African American race (OR 0.20, 95% CI1 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). These three factors were highly predictive of failure to achieve SVR,

with a c-statistic of 0.77 (data not shown).

From long-term follow-up after commencement of treatment, we found that a total of 43 (18%)

patients died, including 34 (20%) with genotype 1 infection and 9 (14%) with genotype 2/3.
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Survival was significantly more likely among patients who achieved SVR than non-responders
(98% vs. 71%, p < 0.001) and those who discontinued therapy (98% vs. 71%, p < 0.001). Of the
patients with cirrhosis achieving SVR, 90% (9/10) were presumed or known to be alive at least 5
years later. In contrast, 28 of the 43 patients known to have died had cirrhosis at the time of
treatment (65%). Both diabetes and hypertension were associated with an increased risk of
dying. Complete follow-up and survival analysis are shown in Figure 2 and Table III. On
multivariate analysis, cirrhosis and hypoalbuminemia independently increased mortality whereas

SVR decreased mortality.

Adverse Effects

As summarized above, 43 (18%) patients discontinued treatment prior to completion including
32 patients for adverse events. Of the patients discontinued for adverse events, 26 required
hospitalization. The most common reasons for hospitalization included infection (n=13), severe
cytopenias (n=4), volume depletion (n=3), and chest pain (n=2). There were two patients whose
therapy was discontinued after they developed hepatocellular carcinoma. Three (1%) patients
died during therapy. One patient, whose course was complicated by depression and another,
whose course was complicated by infection (pneumonia and tooth abscess), died out of the
hospital from unknown causes. The third patient had gastrointestinal bleeding in the setting of
non-steroidal anti-inflammatory drug (NSAID) use and died after developing streptococcal

bacteremia and acute renal failure.
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DISCUSSION

While we found that there is a gap between the efficacy of drugs in clinical trials and their
effectiveness in clinical practice, in that SVR was achieved in only one-third of treated patients,
the lower rates among African American patients and those with underlying cirrhosis explain
most of the difference. In addition, patients in safety net hospitals have multiple barriers to
therapy initiation, with only a small minority being treatment eligible by the selection criteria
used. In our cohort, less than 10% of patients referred for HCV were initiated on treatment.
Finally, HCV therapy has potentially severe adverse effects and careful patient selection is
crucial. Our study therefore highlights several concepts applicable to current-day HCV practice
despite the approval of telaprevir and boceprevir for patients with genotype 1 infection (10, 11).
In addition, our findings support early screening and detection of chronic HCV so that therapy

can be commenced before progression to cirrhosis.

HCYV infection is particularly common among patients followed in safety net hospitals where
resources are limited, making this an important population to study (12, 13). Patients followed in
safety net hospitals tend to be quite different than most clinical trial patients. Safety net hospitals
have higher proportions of racial/ethnic minority patients, as well as higher rates of comorbid
illnesses and socioeconomic barriers to care (14). Compared to a representative randomized
controlled trial of HCV treatment (2), our population was older, more obese, had a higher
proportion of African Americans and more advanced liver disease at presentation. In a prior
study from a safety net hospital in New York City, only 14% of genotype 1 patients achieved
SVR, with significantly lower rates among minority (7). Our ability to achieve higher SVR rates

than that reported by Feuerstadt and colleagues may be related to differences in treatment

. . . . ) _ Manuscript Page 16 of 27
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 32

‘yBuAdod Ag paloaloid 1senb Ag 20z ‘0T [Mdy uo /woo fwg uadolwg//:dny wouy papeojumoq "£T0Z Jequialdss Z uo TEZE00-£T0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 17 of 32

©CoO~NOUITA,WNPE

BMJ Open

eligibility. Although both protocols selected for suitable medical candidates, our protocol also
selected more compliant patients. Whereas nearly 26% of patients in the study by Feuerstadt and
colleagues were non-compliant with clinic visits, this led to therapy discontinuation in only 5%
of patients in our study (p < 0.001). The importance of adherence cannot be underestimated, with
both early and sustained virologic responses being dependent on this single factor (15).
Compliance will continue to be important in future therapy until regimens are simple and consist

of long half-life oral medications with minimal side-effects.

Our study has several limitations. It was performed in a single large safety-net hospital and may
not be generalizable to other practice settings. Not all patients underwent liver biopsy prior to
HCYV treatment so the presence or absence of cirrhosis was also determined by imaging, which
may not be as accurate. However, we believe that the limitations of this study are outweighed by
its notable strengths including the size of our cohort, the unique patient population and the length

of follow-up.

In conclusion, our study highlights several lessons that will be important to remember even when
using new protease inhibitor therapy. Although HCV therapy is associated with high efficacy
rates in clinical trials, its effectiveness in clinical practice may be substantially lower. Multiple
challenges, including socioeconomic barriers precluding compliance and comorbid illnesses,
make only a small minority of patients followed in safety net hospitals eligible for HCV therapy.
SVR occurs in only one-third of patients, with even lower rates among minority patients and
those with underlying cirrhosis. Both early detection and careful patient selection remains

crucial, given that severe adverse effects are seen in nearly 15% of patients. Data from both
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short-term effectiveness and long-term benefit studies, such as ours, should be taken into account
more than efficacy data from clinical trials, when weighing the risks and benefits of screening for
chronic HCV and commencing HCV therapy among patients followed in safety net hospitals in

clinical practice (16).
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1

2

2 Table I: Study Population Characteristics '

5

6 All Patients Genotype 1 Genotypes 2/3
0

8 (n=242) (n=166) (n=64)

9

12 Age in years 48 (43 —54) 48 (43 —54) 49 (43 —54)
12

13 Male gender 123 (51%) 88 (53%) 28 (44%)
14

15 Race / Ethnicity

i? Caucasian 113 (47%) 63 (41%) 44 (68%)
18 African-American 76 (31%) 65 (39%) 5 (8%)

19

20 Hispanic 34 (14%) 25 (15%) 9 (14%)
21

2o BMI 28 (25 — 35) 30 (25 —35) 27 (25 - 32)
gi <25 58 (24%) 35 (21%) 15 (25%)
25 25-30 85 (36%) 57 (35%) 25 (41%)
20 >30 94 (40%) 72 (44%) 21 (34%)
o Diabetes 40 (17%) 32 (19%) 7 (11%)
30

31 AST (U/L) 57 (42-91) 60 (42 —93) 56 (42 — 84)
32

33 ALT (U/L) 63 (48 — 103) 66 (47 — 103) 62 (50 — 100)
34

gg Albumin (g/dL) 4.3 (4.0 - 4.6) 4.3 (4.0 - 4.6) 4.4 (3.1-4.6)
2; WBC (x10°/uL) ? 6.5(5.2—7.8) 6.6 (5.2 —7.8) 6.4(52-17.7)
39

40 Hemoglobin (g/dL) 147 (13.7-159)  14.7(14.0-15.9)  14.8(13.5—16.0)
41

fé Platelet count (x10°/uL) 203 (148 — 250) 201 (140 — 252) 209 (154 — 249)
jg HCV virus (x10° IU/mL) * 500 (272 — 950) 473 (274 — 850) 569 (252 — 1480)
46

47 Biopsy with cirrhosis ° 36/172 (21%) 29/129 (22%) 6/30 (20%)
48

49 Clinical cirrhosis ° 40 (17%) 29 (17%) 11 (17%)
50

g; Time (months) ’

53 Before start 9(4-16) 9(5-21) 8(4-11)
o After start 64 (24 — 95) 61 (21 —92) 62 (34 — 98)
> Deaths 43 (18%) 34 (20%) 9 (14%)
58

59

60
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! Results are median (interquartile range in parentheses) or number (percentage in parentheses).
? Incomplete BMI data for 2 subjects with genotype 1 and 3 subjects with genotypes 2/3

3 No complete blood count data in retrievable records for 1 subject with genotype 2 prior to
therapy. On day 8, Hb 15.3 g/dL., WBC 6,700 /uL and platelet count 236,000 /uL.

* No retrievable data for 2 subjects, 1 with genotype 1, 1 with genotype 3.

> Biopsy results are number with cirrhosis / number of subjects who were biopsied (percentage
with cirrhosis in parentheses). Fewer subjects with genotypes 2 and 3 were biopsied.

® Radiologic evidence or complications as defined in methods. These subjects did not undergo
liver biopsy.

7 Time in the Liver Clinic before the start of therapy and time in the hospital systems after start
of therapy. Records of clinic appointments are available in an electronic health record starting in
1998. Records for both Parkland Health and Hospital System encounters and the University
Hospitals of UT Southwestern Medical Center are aggregated in a clinical data repository.
Abbreviations: ALT — alanine aminotransferase; AST — aspartate aminotransferase; BMI — body

mass index; HCV — hepatitis C virus; WBC — white blood cell count
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Table II: Factors Predicting Sustained Virologic Response (SVR) '

Univariate Analysis Multivariate Analysis
Variable

©CoOoO~NOUITA,WDNPE

OR 95% CI OR 95% CI

12 Demographics

14 Age <50 years 1.60 0.92-2.78

17 Male gender 0.76 0.44 -1.30

African American race 0.16 0.07-0.35 0.20 0.07 -0.54
22 Co-morbid conditions

25 BMI (< 30) 1.16 0.66 —2.02

o8 Diabetes 0.38 0.16 -0.91

30 Disease-related

33 Genotype 1 infection 0.18 0.10-0.34 0.25 0.13-0.50
36 Albumin < 3.5 g/dL 0.22 0.06 - 0.76

38 Presence of cirrhosis 0.23 0.12-0.47 0.26 0.12-0.58
41 WBC < 6,600/uL 0.82 0.48 —1.40

a4 Platelet Count > 150,000 /uL 2.87 1.40 -5.91

47 ' SVR with BMI < 30 = 52/143 (36%) compared with 30/94 (32%) for BMI > 30; SVR with age
49 <50 yrs = 61/149 (41%) compared with 22/93 (24%) for age > 50 years; SVR with platelet

52 count > 150,000 /uL. = 70/180 (39%) compared with 11/59 (19%) for platelet count < 150,000
54 /uL

Abbreviations: BMI — body mass index; WBC — white blood cell count
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Univariate Analysis

Multivariate Analysis

Variable
HR 95% C.I. HR 95%
Demographics
Age <50 years 0.64 (0.35,1.18)
Male gender 0.67 (0.36, 1.22)
African American race 1.46 (0.80, 2.67)
Co-morbid conditions
BMI <30 0.84 (0.46, 1.54)
Co-morbid conditions (> 3) 1.10 (0.34, 3.57)
Psychiatric "(n=74) 0.51 (0.24, 1.09)
Hypertension (n = 68) 1.24 (0.66, 2.33)
Diabetes (n =40) 2.14 (1.12, 4.08)
Disease-related
Genotype 1 infection 1.47 (0.70, 3.09)
Cirrhosis 4.78 (2.55, 8.95) 3.42 (1.77,6.61)
Albumin < 3.5 g/dL 6.17 (3.30, 11.56) 3.11 (1.57, 6.18)
WBC < 6,600/uL 1.88 (1.00, 3.52)
Platelet Count > 150,000 /uLL 0.27 (0.15,0.49)
New referral 0.55 (0.30, 1.02)
Treatment-related
SVR 0.08 (0.02, 0.34) 0.11 (0.03,0.47)
! Depression or bipolar disorder
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1
2
2 Supplemental figure: Screening Algorithm
5
6 Anti-HCV positive and life expectancy > 5 yrs
7
8
9
10 Y P " .
11 HCV RNA positive HCV RNA <50 IlU —>» Resolved infection or false positive anti-HCV.
12
13
1;1 Rx candidate?
16 l
17
18 CBC & platelets
19 *
20 Re . . . -
— peat if reversible cause identified.
21 S £0 000! Plite_,e(;ego%c;#nt —> Refer for complications of chronic liver
22 2 disease e.g. ascites.
23 \
24 No alcohol x 6 mos
25 Urine toxicology
26 Amphetamines
Cocaine, Opiates
27 Phencyclidine
28
: -
T I i
32 °"'°,?e§§¥ivs§ reen OXICSOOS%V?reen > Repeat testing after 6 months abstinence.
32 \
33 Co-morbid : Eye Clinic No or mild -
34 conditions? YES—| Diabetes referral retinopathy
35
36 NO
37 * || Psychiatric Psychiatric Clinic |_> No psychosis. |_|
38 disorder referral Depression on Rx
39 HCV genotype
40 AFP
41 +
i Can tolerate No ischemia or
jé Pre-biopsy INR —>| Heart disease anemia? CHF anticipated [
44 +
45 Complete abdominal sonogram |4 Pre-biopsy INR |4 HCV genotype & AFP | €—
46
47 Liver Clinic
48 referral
49
50
51
52
53
54
55
56
57
58
59
60
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Figure 1: Results of Patient Evaluation and Treatment

Total population
n =242

Genotype 1 Genotypes 2/3 Other genotypes
n =166 n =64 n=12
Y Y Y
SVR SVR SVR
39 (24%) 39 (61%) 5 (42%)
RNA negative RNA negative RNA negative
15 (9%) 9 (13%) 1 (8%)
Discontinued Discontinued Discontinued
34 (20%) 8 (13%) 1 (8%)
Non-responder Non-responder Non-responder
78 (47%) 8 (13%) 5 (42%)
Died = 34/166 Died = 9/64 Died =0
(20%) (14%)
SVR SVR
0/39 (0%) 2/39 (5%)
RNA negative RNA negative
1/15 (7%) 0/9 (%)
No SVR No SVR

33/112 (29%)

7/18 (39%)

months off treatment (n = 6).

RNA negative = HCV RNA negative at last measurement, on treatment (n = 19) or less than 6
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Page 28 of 32

New referral Follow-up p value
(n=126) (n=116)
Age in years 49 (44 - 55) 48 (43 -52) 0.22
Male gender 61 (49%) 62 (53%) 0.44
Race / Ethnicity 0.09
African American 42 (37%) 34 (31%)
Hispanic 21 (19%) 13 (12%)
Non-Hispanic white 50 (40%) 63 (54%)
BMI 29 (25 -36) 28 (25 -33) 0.07
<25 34 (28%) 24 (21%)
25-30 35 (28%) 50 (43%)
>30 55 (45%) 39 (34%)
Diabetes ' 29 (23%) 11 (9%) 0.003
AST (U/L) 57 (40 — 85) 59 (44 - 96) 0.56
ALT (U/L) 60 (46 — 92) 72 (50 - 112) 0.85
Albumin (g/dL) 4.2 (4.0-4.5) 4.4 (4.1-4.6) 0.16
WBC (x10°/uL) ? 6.6 (5.2—7.5) 6.5 (5.2 — 8.0) 0.37
Hemoglobin (g/dL) 14.6 (13.5-15.4) 15.0 (13.8 - 16.0) 0.10
Platelet count (x10°/uL) 202 (147 — 249) 203 (150 — 252) 0.95
HCV virus (x10° TU/mL) * 500 (231 -3,010) 451 (286 — 652) 0.02
Biopsy with cirrhosis ° 22/84 (26%) 14/87 (16%) 0.21
Clinical cirrhosis ° 18 (14%) 22 (19%) 0.49
Time (months) ’
Before start 7(4-12) 11 (6-21) 0.48
After start 68 (35 — 90) 52 (19 - 102) 0.44
Deaths 17 (15%) 26 (22%) 0.07
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! Results are median (interquartile range in parentheses) or number (percentage in parentheses).
? Incomplete BMI data for 2 referral subjects and 3 other subjects

3 No complete blood count data in retrievable records for 1 referral subject prior to therapy. On
day 8, Hb 15.3 g/dL, WBC 6,700 /uL and platelet count 236,000 /uL.

* No retrievable pre-treatment HCV RNA for 2 subjects, both in the other group

> Biopsy results are number with cirrhosis / number of subjects who were biopsied (percentage
with cirrhosis in parentheses). Fewer subjects with genotypes 2 and 3 were biopsied.

% Radiologic evidence or complications as defined in methods. These subjects did not undergo
liver biopsy.

7 Time in the Liver Clinic before the start of therapy and time in the hospital systems after start
of therapy. Records of clinic appointments are available in an electronic health record starting in
1998. Records for both Parkland Health and Hospital System encounters and the University
Hospitals of UT Southwestern Medical Center are aggregated in a clinical data repository.
Abbreviations: ALT — alanine aminotransferase; AST — aspartate aminotransferase; BMI — body

mass index; HCV — hepatitis C virus; WBC — white blood cell count

. ) i ) _ Tables: Page 2 of 2 pages
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag paloaloid 1senb Ag 20z ‘0T [Mdy uo /woo fwg uadolwg//:dny wouy papeojumoq "£T0Z Jequialdss Z uo TEZE00-£T0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoOoO~NOUTA,WNPE

BMJ Open
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n =242
I I
Genotype 1 Genotypes 2/3 Other genotypes
n =166 h=64 n=12
A 4 A 4 \ 4
SVR SVR SVR
39 (24%) 39 (61%) 5 (42%)
RNA negative RNA negative RNA negative
15 (9%) 9 (13%) 1 (8%)
Discontinued Discontinued Discontinued
34 (20%) 8 (13%) 1(8%)
Non-responder Non-responder Non-responder
78 (47%) 8 (13%) 5 (42%)
A \4 A
Died = 34/166 Died = 9/64 Died=0
(20%) (14%)
SVR SVR
0/39 (0%) 2/39 (5%)
RNA negative RNA negative
1/15 (7%) 0/9 (%)
No SVR No SVR
33/112 (29%) 7/18 (39%)
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Article Summary:

Focus:
1. Chronic hepatitis C is common in urban populations with limited financial resources
2. Individual patient characteristics can limit success
3. Challenging patient populations may not benefit to the same extent as in randomized

controlled trials

Key messages.:
1. Therapy for chronic hepatitis C can be provided to urban patient populations with
increased co-morbidities
2. Selection process identifies candidates with greater likelihood of better compliance
3. Survival benefit from successful treatment can be achieved with less expensive, older

therapies

Strengths and limitations:
1. Clear demonstration of long-term survival benefit in a high-risk population
2. Comparable efficacy by using selection criteria

3. Single institution retrospective study
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ABSTRACT

Objectives: To demonstrate the effect of hepatitis C virus (HCV) therapy and survival benefit
from sustained virologic remission (SVR) in a safety net hospital population with limited
resources.

Design and setting: We conducted a retrospective cross-sectional study at an urban safety-net
hospital in the U.S.

Participants and intervention: 242 patients receiving standard HCV therapy between 2001 and
2006.

Primary and secondary outcome measures: Response rates, including sustained virologic
response (SVR), were recorded for each patient. Univariate and multivariate analyses were
performed to identify predictors of SVR and 5 year survival.

Results: A total of 242 eligible patients were treated. Treatment was completed in 197 (81%)
patients, with 43 patients discontinuing therapy early — 32 due to adverse events and 11 due to
non-compliance. Complications on treatment were frequent, including 3 deaths. SVR was
achieved in 83 patients (34%). On multivariate analysis, independent predictors of a decreased
likelihood of achieving SVR included African American race (OR 0.20, 95% CI1 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). Survival was 98% in those achieving SVR (median follow-up 72
months) and 71% in non-responders and those discontinuing therapy (n = 91, median known
follow-up 65 and 36 months respectively). On multivariate analysis, the only independent
predictor of improved survival was SVR (HR 0.12, 95% CI1 0.03 — 0.52). Both cirrhosis and

hypoalbuminemia were independent predictors of increased mortality.
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Conclusions: HCV therapy can be used if resources are limited. Survival is improved in those
achieving SVR. Treatment before histologic cirrhosis develops, in combination with careful
selection, may improve long-term outcomes without compromising other health care endeavors

in safety net hospitals and areas with financial limitations.
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INTRODUCTION

For many years, standard of care for patients with chronic HCV included treatment with
pegylated interferon and ribavirin (1) based on evidence from randomized controlled trials
(RCTs) (2-4). Conditions in RCTs are often very different than those of clinical practice. Given
this potential discrepancy between an intervention’s efficacy (the effect under carefully
controlled conditions) and effectiveness (the effect when implemented in real-world settings),
there is increasing emphasis on comparative effectiveness research to improve delivery of care
(5, 6). Accordingly, the NIH recently included the evaluation of real-world outcomes of

healthcare interventions in liver disease as a priority area for future research.

Prior studies evaluating the effectiveness of HCV therapy have primarily included well-insured,
Caucasian patients followed in academic centers. However, the effectiveness of HCV therapy is
less well described among under-insured, urban, minority patients. Some have concluded that
current HCV therapy may be ineffective for these patients, warranting new strategies (7).
However, we hypothesized that improved HCV outcomes are possible among this difficult-to-

treat population with the aid of careful patient selection.

Screening for infection in the birth cohort with the highest prevalence of chronic HCV infection,
i.e. those born between 1945 and 1965, remains controversial. While the Centers for Disease
Control and Prevention have made a strong recommendation for this approach (8), the United
States Public Service Task Force (USPSTF) currently was less enthusiastic (Grade C) (9). In
contrast, USPSTF now supports screening in those at high risk (Grade B), previously considered

optional. The primary aim of our study was to report the short-term effect and long-term benefit
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of HCV therapy in an American urban population with a high proportion of difficult-to-treat

patients who were followed in a safety net hospital.
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METHODS

Study Population

We conducted a cross sectional study of all patients initiated on HCV treatment between
November 2001 and October 2006. Eligible patients were seen in the faculty attending-
supervised Liver Clinic at Parkland Health and Hospital System (PHHS). Clinic patients were
evaluated initially by a member of the clinic nursing staff and followed by Gastroenterology
trainees and/or Internal Medicine residents, under the supervision of Hepatology faculty
members (n = 6). After patients had fulfilled a list of basic requirements (Figure 1), the final
decision to initiate treatment for any individual patient was made by the supervising attending

physician based on his/her assessment of the patient’s candidacy.

After the treatment decision was made, demographics for all patients were entered into an
electronic file maintained by the clinic nursing staff. The electronic file was used for this
retrospective medical record review. The clinic nursing staff also saw all patients to provide
instructions on medications as well as on interim follow-up visits and offered telephone advice.
Patients were regularly seen in the Liver Clinic while on treatment and followed until SVR or
discontinuation, at which time they returned to primary care or remained in the Liver Clinic,
depending on the complications of liver disease experienced. Long-term follow-up was
accomplished using the Social Security Death Index (prior to the regulatory 10 year embargo on
information and removal of records from the State of Texas) and the combined electronic
medical records of Parkland Health and Hospital System and the University Hospitals of UT
Southwestern. This study was approved by the Institutional Review Board of the University of
Texas Southwestern Medical Center.
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Treatment Regimen

Based on consensus guidelines, patients were treated with weekly pegylated interferon alpha-2b
1.5 pg/kg and daily ribavirin 800-1200 mg. A combination of growth factors and dose reductions
were used for patients with hemoglobin < 10 g/dL, granulocyte count < 500/uL, or platelet
counts < 50,000/uL according to a standard protocol. The intended duration of therapy for
genotypes 1, 4 and 6 was 48 weeks, and the intended duration of therapy for genotypes 2 and 3
was 24 weeks. All patients were scheduled to be seen at regular intervals during treatment, as
deemed necessary based on treatment tolerance, and were followed for an additional 24 weeks

after completion of therapy to determine the presence or absence of SVR.

Data Collection

Patient demographics, clinical history, laboratory data and imaging results were obtained through
review of computerized and paper medical records. Demographics, date of HCV therapy
initiation, medication starting doses, medication dose reductions, use of growth factors, date of
treatment discontinuation, and response rates while on therapy were documented. Response rates
included early virologic response (EVR), end-of-treatment (EOT) response, and/or sustained
virologic response (SVR) rates. We also recorded complication rates, including any
hospitalizations and/or deaths. Laboratory data recorded included HCV genotype, baseline HCV
viral load, white blood cell (WBC) count, hemoglobin, platelet count, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), bilirubin, albumin, international
normalized ratio (INR), and alpha fetoprotein (AFP). Imaging and liver biopsy data were
reviewed to determine the presence or absence of cirrhosis. The presence of cirrhosis was based

on histology or imaging showing a cirrhotic appearing liver with associated signs of portal
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hypertension including splenomegaly, varices, or thrombocytopenia. Date of death for patients

was ascertained using the PHHS electronic medical record and Social Security Death Files.

Statistical Analysis

For continuous variables, we summarized the data by mean and standard deviation, and
compared groups using a two-sample Student t test. For categorical variables, we computed
percentages and compared groups using Fisher’s exact test. We used a multivariate logistic
regression model, with stepwise variable selection, to determine predictors for SVR. Statistical
significance was defined as a p-value < 0.05 on univariate and multivariate analyses. All

analyses were performed using SAS 9.2 (SAS Institute, Cary, NC).
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RESULTS

Eligibility for Therapy

The study subjects comprised all patients in the Liver Clinic meeting selection criteria and
undergoing anti-viral treatment for chronic HCV infection between November 2001 and October
2006. Every patient with chronic HCV being followed in the Liver Clinic or newly referred by a
primary care provider was considered for treatment once pegylated interferon was approved by
the Pharmacy and Therapeutics Committee in 2001. Between 2001 and 2006, 1,966 subjects
accounted for 2,370 new referrals; of these 126 received at least one dose of pegylated interferon
and ribavirin. The remaining subjects never became eligible or were deemed unsuitable. In an
electronic look-back over new patient referrals from a two-year period (2004 and 2005, n = 989),
366 referrals (37%) were for patients ineligible for clinic appointments at that time (see
algorithm, Figure 1). Clinic appointments were offered to 597 individuals (623 referrals) of
whom 389 attended the clinic at least once (i.e. 35% did not keep the clinic appointment). A total
of 57 individuals were commenced on treatment (15% of those keeping at least one

appointment).

Common reasons for initial exclusion after electronic medical record review, that followed
referral from a primary care provider, included severe thrombocytopenia (defined as platelet
count < 50,000/uL), uncontrolled diabetes (defined as HbA1C > 9%), uncontrolled depression,
and positive urine toxicology screen (Figure 1). Reasons for not initiating patients on therapy
after physician evaluation in the clinic included co-morbid conditions (autoimmune disease,
heart disease, lung disease and psychiatric disease), continued alcohol consumption, early stage
histology, and/or socio-economic barriers that would prevent regular follow-up during treatment.
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Patient Characteristics

Demographic and clinical characteristics of the study population are shown in Table I and the
supplemental table. The study subjects included 166 (68%) patients with genotype 1 infection,
64 (27%) with genotype 2 or 3, and 12 (5%) patients with other genotypes. The median age of
the patients was 48 years (range 20-68 years), 72% were in the birth cohort 1045-1065 and 51%
(n=123) were male. The subjects were racially and ethnically diverse with 31% African
American, 14% Hispanic and 47% non-Hispanic white. Common co-morbid conditions included
depression or other psychiatric disease (74 patients, 31%), hypertension (68 patients, 28%) and
diabetes mellitus (40 patients, 17%). Co-morbid conditions potentially associated with decreased
response rates included morbid obesity (BMI > 40; 22 patients, 9%) and HIV (7 patients, 3%).
Cirrhosis was present histologically in 31%, 36 patients biopsied before treatment initiation and

another 40 patients by clinical criteria.

Newly referred patients (n = 126 subjects, with 164 separate referrals) were largely similar to
patients entering the clinic via other processes (supplemental table). The latter group included
patients seen in the clinic while meeting selection criteria, being followed awaiting formulary
approval and those referred after an inpatient hospitalization. The only significant differences
were the higher prevalence of diabetes (p = 0.003) and the higher viral load (p = 0.02) in the
newly referred subjects. The referral subject population had trends towards more African
Americans, higher BMI and fewer deaths in follow-up.

Treatment Response
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Therapy was completed in 197 (81%) patients, with 43 patients discontinuing treatment
prematurely (Figure 2). Therapy was discontinued for adverse events in 32 patients including 3
deaths and another 11 patients were non-compliant with follow-up appointments. There was a
trend toward higher treatment discontinuation rates for genotype 1 than genotype 2/3 patients but
this did not reach statistical significance (p = 0.16). Of the 7 patients with HIV (6 Caucasian and
genotype 1, 1 Hispanic and genotype 3), 4 discontinued therapy after side effects, none achieved

SVR.

Overall, SVR was achieved in 83 (34%) patients, including 39 (24%) of those with genotype 1
and 39 (61%) of those with genotype 2/3 infection (p < 0.001). There was no significant
difference in rates of SVR between subjects newly referred to the clinic (46/126, 37%) and
subjects in the clinic awaiting formulary approval or referred after an inpatient hospitalization
(36/116, 32%). Of note, 10 of 22 patients with morbid obesity (BMI range 41 — 50) were treated

successfully; 7 had genotype 1 infection, 2 of whom were African American women.

SVR was obtained in only 11% of African American patients, compared to 44% of non-Hispanic
whites (p < 0.001) and 38% of Hispanic patients (p = 0.001). This difference in SVR rates was
primarily seen among those with genotype 1 infection. SVR was achieved in only 7% of African
Americans with genotype | infection, compared to 40% of non-Hispanic whites (p <0.001) and
24% Hispanics (p = 0.03). SVR rates did not significantly differ by race/ethnicity among patients
with genotype 2/3 infection. African Americans with genotype 2/3 infection had SVR in 60% of

cases, compared to 55% of non-Hispanic whites (p = 0.82) and 78% Hispanics (p = 0.48).
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Cirrhosis was associated with significantly lower rates of SVR, only 10 (13%) cirrhotic patients
achieved SVR. Among genotype 1 patients, SVR was achieved in 34 (31%) of 108 patients
without cirrhosis compared to only 5 (9%) of 57 patient with cirrhosis. Similarly, SVR rates
were significantly higher among non-cirrhotic genotype 2/3 patients than those with cirrhosis

(70% vs. 35%, p=0.01).

In small numbers of patients (n = 14), having 3 or more co-morbid conditions reduced the
likelihood of achieving SVR (3/14, 21%). Patients with diabetes were less likely to respond
favorably (7/40, 18% SVR) as were those with hypertension (15/68, 22% SVR). Psychiatric

disease (depression or schizophrenia) did not affect SVR rates (26/66, 39%).

Negative predictors of SVR on univariate analysis included HCV genotype 1 infection (p <
0.001), African American race (p < 0.001), presence of cirrhosis (p = 0.001), thrombocytopenia
(p = 0.005) and diabetes (p = 0.02). Neither Hispanic ethnicity nor anemia (Hb < 12 g/dL) was a
significant predictor of response. On multivariate analysis (Table II), independent predictors of
failure to achieve SVR included African American race (OR 0.20, 95% CI1 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). These three factors were highly predictive of failure to achieve SVR,

with a c-statistic of 0.77 (data not shown).

From long-term follow-up after commencement of treatment, we found that a total of 43 (18%)
patients died, including 34 (20%) with genotype 1 infection and 9 (14%) with genotype 2/3.

Survival was significantly more likely among patients who achieved SVR than non-responders
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(98% vs. 71%, p < 0.001) and those who discontinued therapy (98% vs. 71%, p < 0.001). Of the
patients with cirrhosis achieving SVR, 90% (9/10) were presumed or known to be alive at least 5
years later. In contrast, 28 of the 43 patients known to have died had cirrhosis at the time of
treatment (65%). Both diabetes and hypertension were associated with an increased risk of
dying. Complete follow-up and survival analysis are shown in Figure 3 and Table III. On
multivariate analysis, cirrhosis and hypoalbuminemia independently increased mortality whereas

SVR decreased mortality.

Adverse Effects

As summarized above, 43 (18%) patients discontinued treatment prior to completion including
32 patients for adverse events. Of the patients discontinued for adverse events, 26 required
hospitalization. The most common reasons for hospitalization included infection (n=13), severe
cytopenias (n=4), volume depletion (n=3), and chest pain (n=2). There were two patients whose
therapy was discontinued after they developed hepatocellular carcinoma. Three (1%) patients
died during therapy. One patient, whose course was complicated by depression and another,
whose course was complicated by infection (pneumonia and tooth abscess), died out of the
hospital from unknown causes. The third patient had gastrointestinal bleeding in the setting of
non-steroidal anti-inflammatory drug (NSAID) use and died after developing streptococcal

bacteremia and acute renal failure.
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DISCUSSION

While we found that there is a gap between the efficacy of drugs in clinical trials and their effects
in clinical practice, in that SVR was achieved in only one-third of treated patients, the lower rates
among African American patients and those with underlying cirrhosis explain most of the
difference. In addition, patients in safety net hospitals have multiple barriers to therapy initiation,
with only a small minority being treatment eligible by the selection criteria used. In our cohort,
less than 10% of patients referred for HCV were initiated on treatment. Finally, HCV therapy has
potentially severe adverse effects and careful patient selection is crucial. Our study therefore
highlights several concepts applicable to current-day HCV practice despite the approval of
telaprevir and boceprevir for patients with genotype 1 infection (10, 11). In addition, our findings
support early screening and detection of chronic HCV so that therapy can be commenced before

progression to cirrhosis.

HCYV infection is particularly common among patients followed in safety net hospitals where
resources are limited, making this an important population to study (12, 13). Patients followed in
safety net hospitals tend to be quite different than most clinical trial patients. Safety net hospitals
have higher proportions of racial/ethnic minority patients, as well as higher rates of comorbid
illnesses and socioeconomic barriers to care (14). Compared to a representative randomized
controlled trial of HCV treatment (2), our population was older, more obese, had a higher
proportion of African Americans and more advanced liver disease at presentation. In a prior
study from a safety net hospital in New York City, only 14% of genotype 1 patients achieved
SVR, with significantly lower rates among minority (7). Our ability to achieve higher SVR rates
than that reported by Feuerstadt and colleagues may be related to differences in treatment
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eligibility. Although both protocols selected for suitable medical candidates, our protocol also
selected more compliant patients. Whereas nearly 26% of patients in the study by Feuerstadt and
colleagues were non-compliant with clinic visits, this led to therapy discontinuation in only 5%
of patients in our study (p < 0.001). The importance of adherence cannot be underestimated, with
both early and sustained virologic responses being dependent on this single factor (15).
Compliance will continue to be important in future therapy until regimens are simple and consist

of long half-life oral medications with minimal side-effects.

Our study has several limitations. It was performed in a single large safety-net hospital and may
not be generalizable to other practice settings. Not all patients underwent liver biopsy prior to
HCYV treatment so the presence or absence of cirrhosis was also determined by imaging, which
may not be as accurate. However, we believe that the limitations of this study are outweighed by
its notable strengths including the size of our cohort, the unique patient population and the length

of follow-up.

In conclusion, our study highlights several lessons that will be important to remember even when
using new protease inhibitor therapy. Although HCV therapy is associated with high efficacy
rates in clinical trials, its effectiveness in clinical practice may be substantially lower. Multiple
challenges, including socioeconomic barriers precluding compliance and comorbid illnesses,
make only a small minority of patients followed in safety net hospitals eligible for HCV therapy.
SVR occurs in only one-third of patients, with even lower rates among minority patients and
those with underlying cirrhosis. Both early detection and careful patient selection remains

crucial, given that severe adverse effects are seen in nearly 15% of patients. Data from both long-
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term benefit studies, such as ours, should be taken into account more than efficacy data from
clinical trials, when weighing the risks and benefits of screening for chronic HCV and
commencing HCV therapy among patients followed in safety net hospitals in clinical practice

(16).
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Table I: Study Population Characteristics '
All Patients Genotype 1 Genotypes 2/3
(n=242) (n=166) (n=64)
Age in years 48 (43 — 54) 48 (43 — 54) 49 (43 - 54)
Male gender 123 (51%) 88 (53%) 28 (44%)
Race / Ethnicity
Caucasian 113 (47%) 68 (41%) 44 (68%)
African-American 76 (31%) 65 (39%) 5 (8%)
Hispanic 34 (14%) 25 (15%) 9 (14%)
BMI 28 (25 -35) 30 (25-35) 27 (25-32)
<25 58 (24%) 35 (21%) 15 (25%)
25-30 85 (36%) 57 (35%) 25 (41%)
>30 94 (40%) 72 (44%) 21 (34%)
Diabetes 40 (17%) 32 (19%) 7 (11%)
AST (U/L) 57 (42 -91) 60 (42 - 93) 56 (42 — 84)
ALT (U/L) 63 (48 —103) 66 (47 —103) 62 (50 — 100)
Albumin (g/dL) 43(4.0-4.6) 43(4.0-4.6) 44 (3.1-4.0)
WBC (x10°/uL)? 6.5(5.2—7.8) 6.6 (5.2 —7.8) 6.4(52-17.7)

Hemoglobin (g/dL)
Platelet count (x10°/uL)
HCV virus (x10° IU/mL) *
Biopsy with cirrhosis °
Clinical cirrhosis °

Time (months) ’
Before start
After start

14.7 (13.7 - 15.9)

203 (148 — 250)
500 (272 — 950)
36/172 (21%)

40 (17%)

9(4-16)
64 (24 - 95)

14.7 (14.0 - 15.9)
201 (140 — 252)

473 (274 — 850)

29/129 (22%)

29 (17%)

9(5-21)
61 (21 - 92)

14.8 (13.5 - 16.0)
209 (154 — 249)

569 (252 — 1480)

6/30 (20%)

11 (17%)

8(4—11)
62 (34 — 98)
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Deaths 43 (18%) 34 (20%) 9 (14%)

©CoO~NOUITA,WNPE

! Results are median (interquartile range in parentheses) or number (percentage in parentheses).
? Incomplete BMI data for 2 subjects with genotype 1 and 3 subjects with genotypes 2/3

3 No complete blood count data in retrievable records for 1 subject with genotype 2 prior to
therapy. On day 8, Hb 15.3 g/dL, WBC 6,700 /uL and platelet count 236,000 /uL.

4 No retrievable data for 2 subjects, 1 with genotype 1, 1 with genotype 3.

> Biopsy results are number with cirrhosis / number of subjects who were biopsied (percentage
with cirrhosis in parentheses). Fewer subjects with genotypes 2 and 3 were biopsied.

6 Radiologic evidence or complications as defined in methods. These subjects did not undergo
liver biopsy.

’ Time in the Liver Clinic before the start of therapy and time in the hospital systems after start
of therapy. Records of clinic appointments are available in an electronic health record starting in
1998. Records for both Parkland Health and Hospital System encounters and the University
Hospitals of UT Southwestern Medical Center are aggregated in a clinical data repository.
Abbreviations: ALT — alanine aminotransferase; AST — aspartate aminotransferase; BMI — body

mass index; HCV — hepatitis C virus; WBC — white blood cell count
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Table II: Factors Predicting Sustained Virologic Response (SVR) '

BMJ Open

Page 24 of 87

Univariate Analysis

Multivariate Analysis

"' SVR with BMI < 30 = 52/143 (36%) compared with 30/94 (32%) for BMI > 30; SVR with age
<50 yrs = 61/149 (41%) compared with 22/93 (24%) for age > 50 years; SVR with platelet

count > 150,000 /puL. = 70/180 (39%) compared with 11/59 (19%) for platelet count < 150,000

/uLL

o
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Demographics g
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Age < 50 years 1.60 0.92-2.78 %
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Abbreviations: BMI — body mass index; WBC — white blood cell count

Table III: Factors Predicting Mortality

©CoOoO~NOUITA,WDNPE

Univariate Analysis Multivariate Analysis
Variable

HR 95% C.I. HR 95%

Demographics

Age < 50 years 0.64 (0.35,1.18)

Male gender 0.67 (0.36, 1.22)

African American race 1.46 (0.80, 2.67)

Co-morbid conditions

BMI <30 0.84 (0.46, 1.54)

Co-morbid conditions (> 3) 1.10 (0.34, 3.57)

Psychiatric '(n=74) 0.51 (0.24, 1.09)

Hypertension (n = 68) 1.24 (0.66, 2.33)

Diabetes (n =40) 2.14 (1.12, 4.08)

Disease-related

Genotype 1 infection 1.47 (0.70, 3.09)

Cirrhosis 4.78 (2.55, 8.95) 3.42 (1.77,6.61)
Albumin < 3.5 g/dL 6.17 (3.30, 11.56) 3.11 (1.57, 6.18)
WBC < 6,600/uL 1.88 (1.00, 3.52)

Platelet Count > 150,000 /uLL 0.27 (0.15,0.49)

New referral 0.55 (0.30, 1.02)

Treatment-related

SVR 0.08 (0.02, 0.34) 0.11 (0.03, 0.47)

! Depression or bipolar disorder
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Figure 1: Screening Algorithm

Anti-HCV positive and life expectancy > 5 yrs

HCV RNA positive

Rx candidate?

V

CBC & platelets

HCV RNA <50 IU

Platelet count
>50,000/fl

Y

No alcohol x 6 mos

Urine toxicology
Amphetamines
Cocaine, Opiates
Phencyclidine

Platelet count
<50,000/f1

Toxicology screen

Toxicology screen

BMJ Open

(——> Resolved infection or false positive anti-HCV.

Repeat if reversible cause identified.

disease e.g. ascites.

——>» Refer for complications of chronic liver

negative positive > Repeat testing after 6 months abstinence.
\
Co-morbid : Eye Clinic No or mild -
conditions? YES Diabetes referral retinopathy
NO
,l, Psychiatric Psychiatric Clinic No psychosis. |_|
disorder referral Depression on Rx
HCV genotype
AFP
" Can tolerate No ischemia or
Pre-biopsy INR Heart disease anemia? CHF anticipated [
+
Complete abdominal sonogram |4-| Pre-biopsy INR |4| HCV genotype & AFP | €——
Liver Clinic
referral

. . . . ) _ Manuscript Page 26 of 28
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 87

‘yBuAdod Ag paloaloid 1senb Ag 20z ‘0T [Mdy uo /woo fwg uadolwg//:dny wouy papeojumoq "£T0Z Jequialdss Z uo TEZE00-£T0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 27 of 87

©CoO~NOUITA,WNPE

BMJ Open

Figure 2: Results of Patient Evaluation and Treatment

Total population
n =242

Genotype 1 Genotypes 2/3 Other genotypes
n =166 n =64 n=12
Y Y Y
SVR SVR SVR
39 (24%) 39 (61%) 5 (42%)
RNA negative RNA negative RNA negative
15 (9%) 9 (13%) 1 (8%)
Discontinued Discontinued Discontinued
34 (20%) 8 (13%) 1 (8%)
Non-responder Non-responder Non-responder
78 (47%) 8 (13%) 5 (42%)
Died = 34/166 Died = 9/64 Died =0
(20%) (14%)
SVR SVR
0/39 (0%) 2/39 (5%)
RNA negative RNA negative
1115 (7%) 0/9 (%)
No SVR No SVR

33/112 (29%)

7/18 (39%)

months off treatment (n = 6).

RNA negative = HCV RNA negative at last measurement, on treatment (n = 19) or less than 6
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1

2

2 Supplemental table: Study Population Characteristics '

g New referral Follow-up p value
0

8 (n=126) (n=116)

9

10 Age in years 49 (44 - 55) 48 (43 -52) 0.22
11

ig Male gender 61 (49%) 62 (53%) 0.44
o Race / Ethnicity 0.09
16 African American 42 (37%) 34 (31%)

17

18 Hispanic 21 (19%) 13 (12%)

-’213 Non-Hispanic white 50 (40%) 63 (54%)

g; BMI * 29 (25 — 36) 28 (25— 33) 0.07
23 <25 34 (28%) 24 (21%)

gg 2530 35 (28%) 50 (43%)

26 >30 55 (45%) 39 (34%)

27

28 Diabetes ' 29 (23%) 11 (9%) 0.003
29

gg AST (U/L) 57 (40 — 85) 59 (44 — 96) 0.56
> ALT (U/L) 60 (46 — 92) 72 (50 — 112) 0.85
34

35 Albumin (g/dL) 4.2 (4.0 -4.5) 4.4 (4.1 -4.6) 0.16
36

37 WBC (x10°/uL) ? 6.6 (5.2—7.5) 6.5 (5.2 — 8.0) 0.37
38

zg Hemoglobin (g/dL) 14.6 (13.5-15.4)  15.0 (13.8—16.0) 0.10
41

PP Platelet count (x10°/pL) 202 (147 — 249) 203 (150 — 252) 0.95
43

44 HCV virus (x10° TU/mL) * 500 (231-3,010) 451 (286 — 652) 0.02
45

jg Biopsy with cirrhosis ° 22/84 (26%) 14/87 (16%) 0.21
jg Clinical cirrhosis ° 18 (14%) 22 (19%) 0.49
50 ‘ ;

51 Time (months)

gg Before start 7(4-12) 11 (6 -21) 0.48
54 After start 68 (35 — 90) 52 (19 - 102) 0.44
55

56 Deaths 17 (15%) 26 (22%) 0.07
57

58

59

60
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! Results are median (interquartile range in parentheses) or number (percentage in parentheses).
? Incomplete BMI data for 2 referral subjects and 3 other subjects

3 No complete blood count data in retrievable records for 1 referral subject prior to therapy. On
day 8, Hb 15.3 g/dL, WBC 6,700 /uL and platelet count 236,000 /uL.

* No retrievable pre-treatment HCV RNA for 2 subjects, both in the other group

> Biopsy results are number with cirrhosis / number of subjects who were biopsied (percentage
with cirrhosis in parentheses). Fewer subjects with genotypes 2 and 3 were biopsied.

% Radiologic evidence or complications as defined in methods. These subjects did not undergo
liver biopsy.

7 Time in the Liver Clinic before the start of therapy and time in the hospital systems after start
of therapy. Records of clinic appointments are available in an electronic health record starting in
1998. Records for both Parkland Health and Hospital System encounters and the University
Hospitals of UT Southwestern Medical Center are aggregated in a clinical data repository.
Abbreviations: ALT — alanine aminotransferase; AST — aspartate aminotransferase; BMI — body

mass index; HCV — hepatitis C virus; WBC — white blood cell count
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Total population

n =242
I I
Genotype 1 Genotypes 2/3 Other genotypes
n =166 h=64 n=12
A 4 A 4 \ 4
SVR SVR SVR
39 (24%) 39 (61%) 5 (42%)
RNA negative RNA negative RNA negative
15 (9%) 9 (13%) 1 (8%)
Discontinued Discontinued Discontinued
34 (20%) 8 (13%) 1(8%)
Non-responder Non-responder Non-responder
78 (47%) 8 (13%) 5 (42%)
A \4 A
Died = 34/166 Died = 9/64 Died=0
(20%) (14%)
SVR SVR
0/39 (0%) 2/39 (5%)
RNA negative RNA negative
1/15 (7%) 0/9 (%)
No SVR No SVR
33/112 (29%) 7/18 (39%)
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Article Summary:

Focus:
1. Chronic hepatitis C is common in urban populations with limited financial resources
2. Individual patient characteristics can limit success
3. Effectiveness in challenging patient populations is often lower than efficacy in

randomized controlled trials

Key messages:
1. Effective therapy for chronic hepatitis C can be provided to urban patient populations
with increased co-morbidities
2. Selection process identifies candidates with greater likelihood of better compliance
3. Survival benefit from successful treatment can be achieved with less expensive, older

therapies

Strengths and limitations:
1. Clear demonstration of long-term survival benefit in a high-risk population
2. Effectiveness comparable to efficacy by using selection criteria

3. Single institution retrospective study
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ABSTRACT

Objectives: To demonstrate the effectiveness of hepatitis C virus (HCV) therapy and survival
benefit from sustained virologic remission (SVR) in a safety net hospital population with limited
resources.

Design and setting: We conducted a retrospective cross-sectional study at an urban safety-net
hospital in the U.S.

Participants and intervention: 242 patients receiving standard HCV therapy between 2001 and
2006.

Primary and secondary outcome measures: Response rates, including sustained virologic
response (SVR), were recorded for each patient. Univariate and multivariate analyses were
performed to identify predictors of SVR and 5 year survival.

Results: A total of 242 eligible patients were treated. Treatment was completed in 197 (81%)
patients, with 43 patients discontinuing therapy early — 32 due to adverse events and 11 due to
non-compliance. Complications on treatment were frequent, including 3 deaths. SVR was
achieved in 83 patients (34%). On multivariate analysis, independent predictors of a decreased
likelihood of achieving SVR included African American race (OR 0.20, 95% CI 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). Survival was 98% in those achieving SVR (median follow-up 72
months) and 71% in non-responders and those discontinuing therapy (n = 91, median known
follow-up 65 and 36 months respectively). On multivariate analysis, the only independent
predictor of improved survival was SVR (HR 0.12, 95% CI 0.03 — 0.52). Both cirrhosis and

hypoalbuminemia were independent predictors of increased mortality.
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Conclusions: HCV therapy can be effective despite limited resources. Survival is improved in
those achieving SVR. Treatment before histologic cirrhosis develops, in combination with
careful selection, may improve long-term outcomes without compromising other health care

endeavors in safety net hospitals and areas with financial limitations.
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INTRODUCTION

For many years, standard of care for patients with chronic HCV included treatment with
pegylated interferon and ribavirin (1) based on evidence from randomized controlled trials
(RCTs) (2-4). Conditions in RCTs are often very different than those of clinical practice. Given
this potential discrepancy between an intervention’s efficacy (the effect under carefully
controlled conditions) and effectiveness (the effect when implemented in real-world settings),
there is increasing emphasis on comparative effectiveness research to improve delivery of care
(5, 6). Accordingly, the NIH recently included the evaluation of real-world outcomes of

healthcare interventions in liver disease as a priority area for future research.

Prior studies evaluating the effectiveness of HCV therapy have primarily included well-insured,
Caucasian patients followed in academic centers. However, the effectiveness of HCV therapy is
less well described among under-insured, urban, minority patients. Some have concluded that
current HCV therapy may be ineffective for these patients, warranting new strategies (7).
However, we hypothesized that improved HCV outcomes are possible among this difficult-to-

treat population with the aid of careful patient selection.

Screening for infection in the birth cohort with the highest prevalence of chronic HCV infection,
1.e. those born between 1945 and 1965, remains controversial. While the Centers for Disease
Control and Prevention have made a strong recommendation for this approach (8), the United
States Public Service Task Force (USPSTF) currently is less enthusiastic (Grade C) (9). In
contrast, USPSTF now supports screening in those at high risk (Grade B), previously considered

optional. The primary aim of our study was to report the short-term effectiveness and long-term
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benefit of HCV therapy in an American urban population with a high proportion of difficult-to-

treat patients who were followed in a safety net hospital.
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METHODS
Study Population

We conducted a cross sectional study of all patients initiated on HCV treatment between

©CoO~NOUITA,WNPE

November 2001 and October 2006. Eligible patients were seen in the faculty attending-

13 supervised Liver Clinic at Parkland Health and Hospital System (PHHS). Clinic patients were
15 evaluated initially by a member of the clinic nursing staff and followed by Gastroenterology

18 trainees and/or Internal Medicine residents, under the supervision of Hepatology faculty

20 members (n = 6). After patients had fulfilled a list of basic requirements (supplemental figure ),
the final decision to initiate treatment for any individual patient was made by the supervising

25 attending physician based on his/her assessment of the patient’s candidacy.

After the treatment decision was made, demographics for all patients were entered into an

32 electronic file maintained by the clinic nursing staff. The electronic file was used for this

34 retrospective medical record review. The clinic nursing staff also saw all patients to provide

37 instructions on medications as well as on interim follow-up visits and offered telephone advice.
39 Patients were regularly seen in the Liver Clinic while on treatment and followed until SVR or
discontinuation, at which time they returned to primary care or remained in the Liver Clinic,

a4 depending on the complications of liver disease experienced. Long-term follow-up was

46 accomplished using the Social Security Death Index (prior to the regulatory 10 year embargo on
information and removal of records from the State of Texas) and the combined electronic

51 medical records of Parkland Health and Hospital System and the University Hospitals of UT
53 Southwestern. This study was approved by the Institutional Review Board of the University of

Texas Southwestern Medical Center.
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Treatment Regimen

Based on consensus guidelines, patients were treated with weekly pegylated interferon alpha-2b
1.5 pg/kg and daily ribavirin 800-1200 mg. A combination of growth factors and dose reductions
were used for patients with hemoglobin < 10 g/dL, granulocyte count < 500/uL, or platelet
counts < 50,000/uL according to a standard protocol. The intended duration of therapy for
genotypes 1, 4 and 6 was 48 weeks, and the intended duration of therapy for genotypes 2 and 3
was 24 weeks. All patients were scheduled to be seen at regular intervals during treatment, as
deemed necessary based on treatment tolerance, and were followed for an additional 24 weeks

after completion of therapy to determine the presence or absence of SVR.

Data Collection

Patient demographics, clinical history, laboratory data and imaging results were obtained through
review of computerized and paper medical records. Demographics, date of HCV therapy
initiation, medication starting doses, medication dose reductions, use of growth factors, date of
treatment discontinuation, and response rates while on therapy were documented. Response rates
included early virologic response (EVR), end-of-treatment (EOT) response, and/or sustained
virologic response (SVR) rates. We also recorded complication rates, including any
hospitalizations and/or deaths. Laboratory data recorded included HCV genotype, baseline HCV
viral load, white blood cell (WBC) count, hemoglobin, platelet count, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), bilirubin, albumin, international
normalized ratio (INR), and alpha fetoprotein (AFP). Imaging and liver biopsy data were
reviewed to determine the presence or absence of cirrhosis. The presence of cirrhosis was based

on histology or imaging showing a cirrhotic appearing liver with associated signs of portal
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hypertension including splenomegaly, varices, or thrombocytopenia. Date of death for patients

was ascertained using the PHHS electronic medical record and Social Security Death Files.

Statistical Analysis

For continuous variables, we summarized the data by mean and standard deviation, and
compared groups using a two-sample Student t test. For categorical variables, we computed
percentages and compared groups using Fisher’s exact test. We used a multivariate logistic
regression model, with stepwise variable selection, to determine predictors for SVR. Statistical
significance was defined as a p-value < 0.05 on univariate and multivariate analyses. All

analyses were performed using SAS 9.2 (SAS Institute, Cary, NC).
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RESULTS

Eligibility for Therapy

The study subjects comprised all patients in the Liver Clinic meeting selection criteria and
undergoing anti-viral treatment for chronic HCV infection between November 2001 and October
2006. Every patient with chronic HCV being followed in the Liver Clinic or newly referred by a
primary care provider was considered for treatment once pegylated interferon was approved by
the Pharmacy and Therapeutics Committee in 2001. Between 2001 and 2006, 1,966 subjects
accounted for 2,370 new referrals; of these 126 received at least one dose of pegylated interferon
and ribavirin. The remaining subjects never became eligible or were deemed unsuitable. In an
electronic look-back over new patient referrals from a two-year period (2004 and 2005, n = 989),
366 referrals (37%) were for patients ineligible for clinic appointments at that time (see
algorithm, supplemental figure). Clinic appointments were offered to 597 individuals (623
referrals) of whom 389 attended the clinic at least once (i.e. 35% did not keep the clinic
appointment). A total of 57 individuals were commenced on treatment (15% of those keeping at

least one appointment).

Common reasons for initial exclusion after electronic medical record review, that followed
referral from a primary care provider, included severe thrombocytopenia (defined as platelet
count < 50,000/uL), uncontrolled diabetes (defined as HbA1C > 9%), uncontrolled depression,
and positive urine toxicology screen (supplemental figure). Reasons for not initiating patients on
therapy affer physician evaluation in the clinic included co-morbid conditions (autoimmune

disease, heart disease, lung disease and psychiatric disease), continued alcohol consumption,
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early stage histology, and/or socio-economic barriers that would prevent regular follow-up

during treatment.

Patient Characteristics

Demographic and clinical characteristics of the study population are shown in Table I and the
supplemental table. The study subjects included 166 (68%) patients with genotype 1 infection,
64 (27%) with genotype 2 or 3, and 12 (5%) patients with other genotypes. The median age of
the patients was 48 years (range 20-68 years), 72% were in the birth cohort 1045-1065 and 51%
(n=123) were male. The subjects were racially and ethnically diverse with 31% African
American, 14% Hispanic and 47% non-Hispanic white. Common co-morbid conditions included
depression or other psychiatric disease (74 patients, 31%), hypertension (68 patients, 28%) and
diabetes mellitus (40 patients, 17%). Co-morbid conditions potentially associated with decreased
response rates included morbid obesity (BMI > 40; 22 patients, 9%) and HIV (7 patients, 3%).
Cirrhosis was present histologically in 31%, 36 patients biopsied before treatment initiation and

another 40 patients by clinical criteria.

Newly referred patients (n = 126 subjects, with 164 separate referrals) were largely similar to
patients entering the clinic via other processes (supplemental table). The latter group included
patients seen in the clinic while meeting selection criteria, being followed awaiting formulary
approval and those referred after an inpatient hospitalization. The only significant differences
were the higher prevalence of diabetes (p = 0.003) and the higher viral load (p = 0.02) in the
newly referred subjects. The referral subject population had trends towards more African

Americans, higher BMI and fewer deaths in follow-up.
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Treatment Response

Therapy was completed in 197 (81%) patients, with 43 patients discontinuing treatment
prematurely (Figure 1). Therapy was discontinued for adverse events in 32 patients including 3
deaths and another 11 patients were non-compliant with follow-up appointments. There was a
trend toward higher treatment discontinuation rates for genotype 1 than genotype 2/3 patients but
this did not reach statistical significance (p = 0.16). Of the 7 patients with HIV (6 Caucasian and
genotype 1, 1 Hispanic and genotype 3), 4 discontinued therapy after side effects, none achieved

SVR.

Overall, SVR was achieved in 83 (34%) patients, including 39 (24%) of those with genotype 1
and 39 (61%) of those with genotype 2/3 infection (p < 0.001). There was no significant
difference in rates of SVR between subjects newly referred to the clinic (46/126, 37%) and
subjects in the clinic awaiting formulary approval or referred after an inpatient hospitalization
(36/116, 32%). Of note, 10 of 22 patients with morbid obesity (BMI range 41 — 50) were treated

successfully; 7 had genotype 1 infection, 2 of whom were African American women.

SVR was obtained in only 11% of African American patients, compared to 44% of non-Hispanic
whites (p <0.001) and 38% of Hispanic patients (p = 0.001). This difference in SVR rates was
primarily seen among those with genotype 1 infection. SVR was achieved in only 7% of African
Americans with genotype 1 infection, compared to 40% of non-Hispanic whites (p <0.001) and
24% Hispanics (p = 0.03). SVR rates did not significantly differ by race/ethnicity among patients
with genotype 2/3 infection. African Americans with genotype 2/3 infection had SVR in 60% of

cases, compared to 55% of non-Hispanic whites (p = 0.82) and 78% Hispanics (p = 0.48).
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Cirrhosis was associated with significantly lower rates of SVR, only 10 (13%) cirrhotic patients
achieved SVR. Among genotype 1 patients, SVR was achieved in 34 (31%) of 108 patients
without cirrhosis compared to only 5 (9%) of 57 patient with cirrhosis. Similarly, SVR rates
were significantly higher among non-cirrhotic genotype 2/3 patients than those with cirrhosis

(70% vs. 35%, p=0.01).

In small numbers of patients (n = 14), having 3 or more co-morbid conditions reduced the
likelihood of achieving SVR (3/14, 21%). Patients with diabetes were less likely to respond
favorably (7/40, 18% SVR) as were those with hypertension (15/68, 22% SVR). Psychiatric

disease (depression or schizophrenia) did not affect SVR rates (26/66, 39%).

Negative predictors of SVR on univariate analysis included HCV genotype 1 infection (p <
0.001), African American race (p < 0.001), presence of cirrhosis (p = 0.001), thrombocytopenia
(p = 0.005) and diabetes (p = 0.02). Neither Hispanic ethnicity nor anemia (Hb < 12 g/dL) was a
significant predictor of response. On multivariate analysis (Table II), independent predictors of
failure to achieve SVR included African American race (OR 0.20, 95% CI1 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). These three factors were highly predictive of failure to achieve SVR,

with a c-statistic of 0.77 (data not shown).

From long-term follow-up after commencement of treatment, we found that a total of 43 (18%)

patients died, including 34 (20%) with genotype 1 infection and 9 (14%) with genotype 2/3.

. . . . ) _ Manuscript Page 14 of 27
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag paloaloid 1senb Ag 20z ‘0T [Mdy uo /woo fwg uadolwg//:dny wouy papeojumoq "£T0Z Jequialdss Z uo TEZE00-£T0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Survival was significantly more likely among patients who achieved SVR than non-responders
(98% vs. 71%, p < 0.001) and those who discontinued therapy (98% vs. 71%, p < 0.001). Of the
patients with cirrhosis achieving SVR, 90% (9/10) were presumed or known to be alive at least 5
years later. In contrast, 28 of the 43 patients known to have died had cirrhosis at the time of
treatment (65%). Both diabetes and hypertension were associated with an increased risk of
dying. Complete follow-up and survival analysis are shown in Figure 2 and Table III. On
multivariate analysis, cirrhosis and hypoalbuminemia independently increased mortality whereas

SVR decreased mortality.

Adverse Effects

As summarized above, 43 (18%) patients discontinued treatment prior to completion including
32 patients for adverse events. Of the patients discontinued for adverse events, 26 required
hospitalization. The most common reasons for hospitalization included infection (n=13), severe
cytopenias (n=4), volume depletion (n=3), and chest pain (n=2). There were two patients whose
therapy was discontinued after they developed hepatocellular carcinoma. Three (1%) patients
died during therapy. One patient, whose course was complicated by depression and another,
whose course was complicated by infection (pneumonia and tooth abscess), died out of the
hospital from unknown causes. The third patient had gastrointestinal bleeding in the setting of
non-steroidal anti-inflammatory drug (NSAID) use and died after developing streptococcal

bacteremia and acute renal failure.
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DISCUSSION

While we found that there is a gap between the efficacy of drugs in clinical trials and their
effectiveness in clinical practice, in that SVR was achieved in only one-third of treated patients,
the lower rates among African American patients and those with underlying cirrhosis explain
most of the difference. In addition, patients in safety net hospitals have multiple barriers to
therapy initiation, with only a small minority being treatment eligible by the selection criteria
used. In our cohort, less than 10% of patients referred for HCV were initiated on treatment.
Finally, HCV therapy has potentially severe adverse effects and careful patient selection is
crucial. Our study therefore highlights several concepts applicable to current-day HCV practice
despite the approval of telaprevir and boceprevir for patients with genotype 1 infection (10, 11).
In addition, our findings support early screening and detection of chronic HCV so that therapy

can be commenced before progression to cirrhosis.

HCYV infection is particularly common among patients followed in safety net hospitals where
resources are limited, making this an important population to study (12, 13). Patients followed in
safety net hospitals tend to be quite different than most clinical trial patients. Safety net hospitals
have higher proportions of racial/ethnic minority patients, as well as higher rates of comorbid
illnesses and socioeconomic barriers to care (14). Compared to a representative randomized
controlled trial of HCV treatment (2), our population was older, more obese, had a higher
proportion of African Americans and more advanced liver disease at presentation. In a prior
study from a safety net hospital in New York City, only 14% of genotype 1 patients achieved
SVR, with significantly lower rates among minority (7). Our ability to achieve higher SVR rates

than that reported by Feuerstadt and colleagues may be related to differences in treatment
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eligibility. Although both protocols selected for suitable medical candidates, our protocol also
selected more compliant patients. Whereas nearly 26% of patients in the study by Feuerstadt and
colleagues were non-compliant with clinic visits, this led to therapy discontinuation in only 5%
of patients in our study (p < 0.001). The importance of adherence cannot be underestimated, with
both early and sustained virologic responses being dependent on this single factor (15).
Compliance will continue to be important in future therapy until regimens are simple and consist

of long half-life oral medications with minimal side-effects.

Our study has several limitations. It was performed in a single large safety-net hospital and may
not be generalizable to other practice settings. Not all patients underwent liver biopsy prior to
HCYV treatment so the presence or absence of cirrhosis was also determined by imaging, which
may not be as accurate. However, we believe that the limitations of this study are outweighed by
its notable strengths including the size of our cohort, the unique patient population and the length

of follow-up.

In conclusion, our study highlights several lessons that will be important to remember even when
using new protease inhibitor therapy. Although HCV therapy is associated with high efficacy
rates in clinical trials, its effectiveness in clinical practice may be substantially lower. Multiple
challenges, including socioeconomic barriers precluding compliance and comorbid illnesses,
make only a small minority of patients followed in safety net hospitals eligible for HCV therapy.
SVR occurs in only one-third of patients, with even lower rates among minority patients and
those with underlying cirrhosis. Both early detection and careful patient selection remains

crucial, given that severe adverse effects are seen in nearly 15% of patients. Data from both
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short-term effectiveness and long-term benefit studies, such as ours, should be taken into account
more than efficacy data from clinical trials, when weighing the risks and benefits of screening for
chronic HCV and commencing HCV therapy among patients followed in safety net hospitals in

clinical practice (16).
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Table I: Study Population Characteristics '
All Patients Genotype 1 Genotypes 2/3
(n=242) (n=166) (n=64)
Age in years 48 (43 —54) 48 (43 —54) 49 (43 —54)
Male gender 123 (51%) 88 (53%) 28 (44%)
Race / Ethnicity
Caucasian 113 (47%) 68 (41%) 44 (68%)
African-American 76 (31%) 65 (39%) 5 (8%)
Hispanic 34 (14%) 25 (15%) 9 (14%)
BMI 28 (25 -35) 30 (25 -35) 27 (25-32)
<25 58 (24%) 35 (21%) 15 (25%)
25-30 85 (36%) 57 (35%) 25 (41%)
>30 94 (40%) 72 (44%) 21 (34%)
Diabetes 40 (17%) 32 (19%) 7 (11%)
AST (U/L) 57 (42 -91) 60 (42 —93) 56 (42 — 84)
ALT (U/L) 63 (48 — 103) 66 (47 —103) 62 (50— 100)
Albumin (g/dL) 4.3 (4.0-4.6) 4.3 (4.0-4.6) 44 (3.1-4.6)
WBC (x10°/uL) ? 6.5(5.2—7.8) 6.6 (5.2 —7.8) 6.4(52-17.7)

Hemoglobin (g/dL)
Platelet count (x103/ uL)
HCV virus (x10° IU/mL) *
Biopsy with cirrhosis
Clinical cirrhosis °

Time (months) ’
Before start
After start

Deaths

14.7 (13.7 - 15.9)
203 (148 — 250)

500 (272 — 950)

36/172 (21%) 29/129 (22%)
40 (17%) 29 (17%)
9(4-16) 9(5-21)

64 (24— 95) 61 (21 —92)
43 (18%) 34 (20%)

14.7 (14.0 - 15.9)
201 (140 — 252)

473 (274 — 850)

14.8 (13.5 - 16.0)

209 (154 — 249)

569 (252 — 1480)
6/30 (20%)

11 (17%)

8(4—11)
62 (34 — 98)
9 (14%)
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! Results are median (interquartile range in parentheses) or number (percentage in parentheses).
? Incomplete BMI data for 2 subjects with genotype 1 and 3 subjects with genotypes 2/3

3 No complete blood count data in retrievable records for 1 subject with genotype 2 prior to
therapy. On day 8, Hb 15.3 g/dL., WBC 6,700 /uL and platelet count 236,000 /uL.

* No retrievable data for 2 subjects, 1 with genotype 1, 1 with genotype 3.

> Biopsy results are number with cirrhosis / number of subjects who were biopsied (percentage
with cirrhosis in parentheses). Fewer subjects with genotypes 2 and 3 were biopsied.

® Radiologic evidence or complications as defined in methods. These subjects did not undergo
liver biopsy.

7 Time in the Liver Clinic before the start of therapy and time in the hospital systems after start
of therapy. Records of clinic appointments are available in an electronic health record starting in
1998. Records for both Parkland Health and Hospital System encounters and the University
Hospitals of UT Southwestern Medical Center are aggregated in a clinical data repository.
Abbreviations: ALT — alanine aminotransferase; AST — aspartate aminotransferase; BMI — body

mass index; HCV — hepatitis C virus; WBC — white blood cell count
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Univariate Analysis

Multivariate Analysis

' SVR with BMI < 30 = 52/143 (36%) compared with 30/94 (32%) for BMI > 30; SVR with age
<50 yrs = 61/149 (41%) compared with 22/93 (24%) for age > 50 years; SVR with platelet

count > 150,000 /uL. = 70/180 (39%) compared with 11/59 (19%) for platelet count < 150,000

/uLL

Abbreviations: BMI — body mass index; WBC — white blood cell count
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Variable

Univariate Analysis

Multivariate Analysis

HR

95% C.I. HR

95%

Demographics

Age <50 years

Male gender

African American race
Co-morbid conditions
BMI <30

Co-morbid conditions (> 3)
Psychiatric "(n=74)
Hypertension (n = 68)
Diabetes (n =40)
Disease-related
Genotype 1 infection
Cirrhosis

Albumin < 3.5 g/dL
WBC < 6,600/uL

Platelet Count > 150,000 /uLL

New referral
Treatment-related

SVR

0.64
0.67
1.46

0.84
1.10
0.51
1.24
2.14

1.47
4.78
6.17
1.88
0.27
0.55

0.08

(0.35, 1.18)
(0.36, 1.22)
(0.80, 2.67)

(0.46, 1.54)
(0.34,3.57)
(0.24, 1.09)
(0.66, 2.33)
(1.12, 4.08)

(0.70, 3.09)
(2.55, 8.95) 3.42
(3.30, 11.56) 3.11
(1.00, 3.52)
(0.15, 0.49)
(0.30, 1.02)

(0.02, 0.34) 0.11

(1.77, 6.61)
(1.57, 6.18)

(0.03, 0.47)

! Depression or bipolar disorder
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Supplemental figure: Screening Algorithm
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Figure 1: Results of Patient Evaluation and Treatment

Total population
n =242

Genotype 1 Genotypes 2/3 Other genotypes
n =166 n =64 n=12
Y Y Y
SVR SVR SVR
39 (24%) 39 (61%) 5 (42%)
RNA negative RNA negative RNA negative
15 (9%) 9 (13%) 1 (8%)
Discontinued Discontinued Discontinued
34 (20%) 8 (13%) 1 (8%)
Non-responder Non-responder Non-responder
78 (47%) 8 (13%) 5 (42%)
Died = 34/166 Died = 9/64 Died =0
(20%) (14%)
SVR SVR
0/39 (0%) 2/39 (5%)
RNA negative RNA negative
1/15 (7%) 0/9 (%)
No SVR No SVR

33/112 (29%)

7/18 (39%)

months off treatment (n = 6).

RNA negative = HCV RNA negative at last measurement, on treatment (n = 19) or less than 6
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Article Summary:

Focus:
1. Chronic hepatitis C is common in urban populations with limited financial resources
2. Individual patient characteristics can limit success

3. Effeetiveness-n-eChallenging patient populations is-eftentower-than-effieaeymay not

benefit to the same extent as in randomized controlled trials

Key messages:
1. EffeetivetTherapy for chronic hepatitis C can be provided to urban patient populations
with increased co-morbidities
2. Selection process identifies candidates with greater likelihood of better compliance
3. Survival benefit from successful treatment can be achieved with less expensive, older

therapies

Strengths and limitations:
1. Clear demonstration of long-term survival benefit in a high-risk population
2. EffeetivenesseComparable te-efficacy by using selection criteria

3. Single institution retrospective study
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ABSTRACT

Objectives: To demonstrate the effectiveness of hepatitis C virus (HCV) therapy and survival
benefit from sustained virologic remission (SVR) in a safety net hospital population with limited
resources.

Design and setting: We conducted a retrospective cross-sectional study at an urban safety-net
hospital in the U.S.

Participants and intervention: 242 patients receiving standard HCV therapy between 2001 and
2006.

Primary and secondary outcome measures: Response rates, including sustained virologic
response (SVR), were recorded for each patient. Univariate and multivariate analyses were
performed to identify predictors of SVR and 5 year survival.

Results: A total of 242 eligible patients were treated. Treatment was completed in 197 (81%)
patients, with 43 patients discontinuing therapy early — 32 due to adverse events and 11 due to
non-compliance. Complications on treatment were frequent, including 3 deaths. SVR was
achieved in 83 patients (34%). On multivariate analysis, independent predictors of a decreased
likelihood of achieving SVR included African American race (OR 0.20, 95% CI 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI10.12 — 0.58). Survival was 98% in those achieving SVR (median follow-up 72
months) and 71% in non-responders and those discontinuing therapy (n = 91, median known
follow-up 65 and 36 months respectively). On multivariate analysis, the only independent
predictor of improved survival was SVR (HR 0.12, 95% CI 0.03 — 0.52). Both cirrhosis and

hypoalbuminemia were independent predictors of increased mortality.
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Conclusions: HCV therapy can be effeetive-despiteused if resources are limitedreseurees.

Survival is improved in those achieving SVR. Treatment before histologic cirrhosis develops, in
combination with careful selection, may improve long-term outcomes without compromising

other health care endeavors in safety net hospitals and areas with financial limitations.

. . . . ) . Manuscript Page 5 of 27
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"yBuAdod Ag palosloid 1senb Ag 20z ‘0T [Mdy uo /woo fwg uadolwgy/:dny wouy papeojumoq "£T0Z Jequialdss Z uo TEZE00-£T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

INTRODUCTION

For many years, standard of care for patients with chronic HCV included treatment with
pegylated interferon and ribavirin (1) based on evidence from randomized controlled trials
(RCTs) (2-4). Conditions in RCTs are often very different than those of clinical practice. Given
this potential discrepancy between an intervention’s efficacy (the effect under carefully
controlled conditions) and effectiveness (the effect when implemented in real-world settings),
there is increasing emphasis on comparative effectiveness research to improve delivery of care
(5, 6). Accordingly, the NIH recently included the evaluation of real-world outcomes of

healthcare interventions in liver disease as a priority area for future research.

Prior studies evaluating the effectiveness of HCV therapy have primarily included well-insured,
Caucasian patients followed in academic centers. However, the effectiveness of HCV therapy is
less well described among under-insured, urban, minority patients. Some have concluded that
current HCV therapy may be ineffective for these patients, warranting new strategies (7).
However, we hypothesized that improved HCV outcomes are possible among this difficult-to-

treat population with the aid of careful patient selection.

Screening for infection in the birth cohort with the highest prevalence of chronic HCV infection,
i.e. those born between 1945 and 1965, remains controversial. While the Centers for Disease
Control and Prevention have made a strong recommendation for this approach (8), the United
States Public Service Task Force (USPSTF) currently wais less enthusiastic (Grade C) (9). In
contrast, USPSTF now supports screening in those at high risk (Grade B), previously considered

optional. The primary aim of our study was to report the short-term effectiveress and long-term
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benefit of HCV therapy in an American urban population with a high proportion of difficult-to-

treat patients who were followed in a safety net hospital.
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METHODS

Study Population

We conducted a cross sectional study of all patients initiated on HCV treatment between
November 2001 and October 2006. Eligible patients were seen in the faculty attending-
supervised Liver Clinic at Parkland Health and Hospital System (PHHS). Clinic patients were
evaluated initially by a member of the clinic nursing staff and followed by Gastroenterology
trainees and/or Internal Medicine residents, under the supervision of Hepatology faculty
members (n = 6). After patients had fulfilled a list of basic requirements (supplemental-fFigure
1), the final decision to initiate treatment for any individual patient was made by the supervising

attending physician based on his/her assessment of the patient’s candidacy.

After the treatment decision was made, demographics for all patients were entered into an
electronic file maintained by the clinic nursing staff. The electronic file was used for this
retrospective medical record review. The clinic nursing staff also saw all patients to provide
instructions on medications as well as on interim follow-up visits and offered telephone advice.
Patients were regularly seen in the Liver Clinic while on treatment and followed until SVR or
discontinuation, at which time they returned to primary care or remained in the Liver Clinic,
depending on the complications of liver disease experienced. Long-term follow-up was
accomplished using the Social Security Death Index (prior to the regulatory 10 year embargo on
information and removal of records from the State of Texas) and the combined electronic
medical records of Parkland Health and Hospital System and the University Hospitals of UT
Southwestern. This study was approved by the Institutional Review Board of the University of

Texas Southwestern Medical Center.
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Treatment Regimen

Based on consensus guidelines, patients were treated with weekly pegylated interferon alpha-2b
1.5 pg/kg and daily ribavirin 800-1200 mg. A combination of growth factors and dose reductions
were used for patients with hemoglobin < 10 g/dL, granulocyte count < 500/uL, or platelet
counts < 50,000/uL according to a standard protocol. The intended duration of therapy for
genotypes 1, 4 and 6 was 48 weeks, and the intended duration of therapy for genotypes 2 and 3
was 24 weeks. All patients were scheduled to be seen at regular intervals during treatment, as
deemed necessary based on treatment tolerance, and were followed for an additional 24 weeks

after completion of therapy to determine the presence or absence of SVR.

Data Collection

Patient demographics, clinical history, laboratory data and imaging results were obtained through
review of computerized and paper medical records. Demographics, date of HCV therapy
initiation, medication starting doses, medication dose reductions, use of growth factors, date of
treatment discontinuation, and response rates while on therapy were documented. Response rates
included early virologic response (EVR), end-of-treatment (EOT) response, and/or sustained
virologic response (SVR) rates. We also recorded complication rates, including any
hospitalizations and/or deaths. Laboratory data recorded included HCV genotype, baseline HCV
viral load, white blood cell (WBC) count, hemoglobin, platelet count, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), bilirubin, albumin, international
normalized ratio (INR), and alpha fetoprotein (AFP). Imaging and liver biopsy data were
reviewed to determine the presence or absence of cirrhosis. The presence of cirrhosis was based

on histology or imaging showing a cirrhotic appearing liver with associated signs of portal
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hypertension including splenomegaly, varices, or thrombocytopenia. Date of death for patients

was ascertained using the PHHS electronic medical record and Social Security Death Files.

Statistical Analysis

For continuous variables, we summarized the data by mean and standard deviation, and
compared groups using a two-sample Student t test. For categorical variables, we computed
percentages and compared groups using Fisher’s exact test. We used a multivariate logistic
regression model, with stepwise variable selection, to determine predictors for SVR. Statistical
significance was defined as a p-value < 0.05 on univariate and multivariate analyses. All

analyses were performed using SAS 9.2 (SAS Institute, Cary, NC).
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RESULTS

Eligibility for Therapy

The study subjects comprised all patients in the Liver Clinic meeting selection criteria and
undergoing anti-viral treatment for chronic HCV infection between November 2001 and October
2006. Every patient with chronic HCV being followed in the Liver Clinic or newly referred by a
primary care provider was considered for treatment once pegylated interferon was approved by
the Pharmacy and Therapeutics Committee in 2001. Between 2001 and 2006, 1,966 subjects
accounted for 2,370 new referrals; of these 126 received at least one dose of pegylated interferon
and ribavirin. The remaining subjects never became eligible or were deemed unsuitable. In an
electronic look-back over new patient referrals from a two-year period (2004 and 2005, n = 989),
366 referrals (37%) were for patients ineligible for clinic appointments at that time (see
algorithm, supplementalfFigure 1). Clinic appointments were offered to 597 individuals (623
referrals) of whom 389 attended the clinic at least once (i.e. 35% did not keep the clinic
appointment). A total of 57 individuals were commenced on treatment (15% of those keeping at

least one appointment).

Common reasons for initial exclusion after electronic medical record review, that followed
referral from a primary care provider, included severe thrombocytopenia (defined as platelet
count < 50,000/uL), uncontrolled diabetes (defined as HbA1C > 9%), uncontrolled depression,
and positive urine toxicology screen (supplementalfFigure 1). Reasons for not initiating patients
on therapy after physician evaluation in the clinic included co-morbid conditions (autoimmune

disease, heart disease, lung disease and psychiatric disease), continued alcohol consumption,
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early stage histology, and/or socio-economic barriers that would prevent regular follow-up

during treatment.

Patient Characteristics

Demographic and clinical characteristics of the study population are shown in Table I and the
supplemental table. The study subjects included 166 (68%) patients with genotype 1 infection,
64 (27%) with genotype 2 or 3, and 12 (5%) patients with other genotypes. The median age of
the patients was 48 years (range 20-68 years), 72% were in the birth cohort 1045-1065 and 51%
(n=123) were male. The subjects were racially and ethnically diverse with 31% African
American, 14% Hispanic and 47% non-Hispanic white. Common co-morbid conditions included
depression or other psychiatric disease (74 patients, 31%), hypertension (68 patients, 28%) and
diabetes mellitus (40 patients, 17%). Co-morbid conditions potentially associated with decreased
response rates included morbid obesity (BMI > 40; 22 patients, 9%) and HIV (7 patients, 3%).
Cirrhosis was present histologically in 31%, 36 patients biopsied before treatment initiation and

another 40 patients by clinical criteria.

Newly referred patients (n = 126 subjects, with 164 separate referrals) were largely similar to
patients entering the clinic via other processes (supplemental table). The latter group included
patients seen in the clinic while meeting selection criteria, being followed awaiting formulary
approval and those referred after an inpatient hospitalization. The only significant differences
were the higher prevalence of diabetes (p = 0.003) and the higher viral load (p = 0.02) in the
newly referred subjects. The referral subject population had trends towards more African

Americans, higher BMI and fewer deaths in follow-up.
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Treatment Response

Therapy was completed in 197 (81%) patients, with 43 patients discontinuing treatment
prematurely (Figure 12). Therapy was discontinued for adverse events in 32 patients including 3
deaths and another 11 patients were non-compliant with follow-up appointments. There was a
trend toward higher treatment discontinuation rates for genotype 1 than genotype 2/3 patients but
this did not reach statistical significance (p = 0.16). Of the 7 patients with HIV (6 Caucasian and
genotype 1, 1 Hispanic and genotype 3), 4 discontinued therapy after side effects, none achieved

SVR.

Overall, SVR was achieved in 83 (34%) patients, including 39 (24%) of those with genotype 1
and 39 (61%) of those with genotype 2/3 infection (p < 0.001). There was no significant
difference in rates of SVR between subjects newly referred to the clinic (46/126, 37%) and
subjects in the clinic awaiting formulary approval or referred after an inpatient hospitalization
(36/116, 32%). Of note, 10 of 22 patients with morbid obesity (BMI range 41 — 50) were treated

successfully; 7 had genotype 1 infection, 2 of whom were African American women.

SVR was obtained in only 11% of African American patients, compared to 44% of non-Hispanic
whites (p < 0.001) and 38% of Hispanic patients (p = 0.001). This difference in SVR rates was
primarily seen among those with genotype 1 infection. SVR was achieved in only 7% of African
Americans with genotype 1 infection, compared to 40% of non-Hispanic whites (p < 0.001) and
24% Hispanics (p = 0.03). SVR rates did not significantly differ by race/ethnicity among patients
with genotype 2/3 infection. African Americans with genotype 2/3 infection had SVR in 60% of

cases, compared to 55% of non-Hispanic whites (p = 0.82) and 78% Hispanics (p = 0.48).

. . . . ) ~ Manuscript Page 13 of 27
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"yBuAdod Ag palosloid 1senb Ag 20z ‘0T [Mdy uo /woo fwg uadolwgy/:dny wouy papeojumoq "£T0Z Jequialdss Z uo TEZE00-£T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Cirrhosis was associated with significantly lower rates of SVR, only 10 (13%) cirrhotic patients
achieved SVR. Among genotype 1 patients, SVR was achieved in 34 (31%) of 108 patients
without cirrhosis compared to only 5 (9%) of 57 patient with cirrhosis. Similarly, SVR rates
were significantly higher among non-cirrhotic genotype 2/3 patients than those with cirrhosis

(70% vs. 35%, p=0.01).

In small numbers of patients (n = 14), having 3 or more co-morbid conditions reduced the
likelihood of achieving SVR (3/14, 21%). Patients with diabetes were less likely to respond
favorably (7/40, 18% SVR) as were those with hypertension (15/68, 22% SVR). Psychiatric

disease (depression or schizophrenia) did not affect SVR rates (26/66, 39%).

Negative predictors of SVR on univariate analysis included HCV genotype 1 infection (p <
0.001), African American race (p < 0.001), presence of cirrhosis (p = 0.001), thrombocytopenia
(p = 0.005) and diabetes (p = 0.02). Neither Hispanic ethnicity nor anemia (Hb < 12 g/dL) was a
significant predictor of response. On multivariate analysis (Table II), independent predictors of
failure to achieve SVR included African American race (OR 0.20, 95% CI 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI 0.12 — 0.58). These three factors were highly predictive of failure to achieve SVR,

with a c-statistic of 0.77 (data not shown).

From long-term follow-up after commencement of treatment, we found that a total of 43 (18%)

patients died, including 34 (20%) with genotype 1 infection and 9 (14%) with genotype 2/3.
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Survival was significantly more likely among patients who achieved SVR than non-responders
(98% vs. 71%, p < 0.001) and those who discontinued therapy (98% vs. 71%, p < 0.001). Of the
patients with cirrhosis achieving SVR, 90% (9/10) were presumed or known to be alive at least 5
years later. In contrast, 28 of the 43 patients known to have died had cirrhosis at the time of
treatment (65%). Both diabetes and hypertension were associated with an increased risk of
dying. Complete follow-up and survival analysis are shown in Figure 2-3 and Table III. On
multivariate analysis, cirrhosis and hypoalbuminemia independently increased mortality whereas

SVR decreased mortality.

Adverse Effects

As summarized above, 43 (18%) patients discontinued treatment prior to completion including
32 patients for adverse events. Of the patients discontinued for adverse events, 26 required
hospitalization. The most common reasons for hospitalization included infection (n=13), severe
cytopenias (n=4), volume depletion (n=3), and chest pain (n=2). There were two patients whose
therapy was discontinued after they developed hepatocellular carcinoma. Three (1%) patients
died during therapy. One patient, whose course was complicated by depression and another,
whose course was complicated by infection (pneumonia and tooth abscess), died out of the
hospital from unknown causes. The third patient had gastrointestinal bleeding in the setting of
non-steroidal anti-inflammatory drug (NSAID) use and died after developing streptococcal

bacteremia and acute renal failure.
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DISCUSSION

While we found that there is a gap between the efficacy of drugs in clinical trials and their
effectiveness in clinical practice, in that SVR was achieved in only one-third of treated patients,
the lower rates among African American patients and those with underlying cirrhosis explain
most of the difference. In addition, patients in safety net hospitals have multiple barriers to
therapy initiation, with only a small minority being treatment eligible by the selection criteria
used. In our cohort, less than 10% of patients referred for HCV were initiated on treatment.
Finally, HCV therapy has potentially severe adverse effects and careful patient selection is
crucial. Our study therefore highlights several concepts applicable to current-day HCV practice
despite the approval of telaprevir and boceprevir for patients with genotype 1 infection (10, 11).
In addition, our findings support early screening and detection of chronic HCV so that therapy

can be commenced before progression to cirrhosis.

HCYV infection is particularly common among patients followed in safety net hospitals where
resources are limited, making this an important population to study (12, 13). Patients followed in
safety net hospitals tend to be quite different than most clinical trial patients. Safety net hospitals
have higher proportions of racial/ethnic minority patients, as well as higher rates of comorbid
illnesses and socioeconomic barriers to care (14). Compared to a representative randomized
controlled trial of HCV treatment (2), our population was older, more obese, had a higher
proportion of African Americans and more advanced liver disease at presentation. In a prior
study from a safety net hospital in New York City, only 14% of genotype 1 patients achieved
SVR, with significantly lower rates among minority (7). Our ability to achieve higher SVR rates

than that reported by Feuerstadt and colleagues may be related to differences in treatment
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eligibility. Although both protocols selected for suitable medical candidates, our protocol also
selected more compliant patients. Whereas nearly 26% of patients in the study by Feuerstadt and
colleagues were non-compliant with clinic visits, this led to therapy discontinuation in only 5%
of patients in our study (p < 0.001). The importance of adherence cannot be underestimated, with
both early and sustained virologic responses being dependent on this single factor (15).
Compliance will continue to be important in future therapy until regimens are simple and consist

of long half-life oral medications with minimal side-effects.

Our study has several limitations. It was performed in a single large safety-net hospital and may
not be generalizable to other practice settings. Not all patients underwent liver biopsy prior to
HCYV treatment so the presence or absence of cirrhosis was also determined by imaging, which
may not be as accurate. However, we believe that the limitations of this study are outweighed by
its notable strengths including the size of our cohort, the unique patient population and the length

of follow-up.

In conclusion, our study highlights several lessons that will be important to remember even when
using new protease inhibitor therapy. Although HCV therapy is associated with high efficacy
rates in clinical trials, its effectiveness in clinical practice may be substantially lower. Multiple
challenges, including socioeconomic barriers precluding compliance and comorbid illnesses,
make only a small minority of patients followed in safety net hospitals eligible for HCV therapy.
SVR occurs in only one-third of patients, with even lower rates among minority patients and
those with underlying cirrhosis. Both early detection and careful patient selection remains

crucial, given that severe adverse effects are seen in nearly 15% of patients. Data from both
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shert-term-effectivenessand-long-term benefit studies, such as ours, should be taken into account
more than efficacy data from clinical trials, when weighing the risks and benefits of screening for
chronic HCV and commencing HCV therapy among patients followed in safety net hospitals in

clinical practice (16).
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1

2

2 Table I: Study Population Characteristics '

5

6 All Patients Genotype 1 Genotypes 2/3
°

g (n=242) (n=166) (n=64)

i‘i Age in years 48 (43 — 54) 48 (43 — 54) 49 (43 - 54)
12

13 Male gender 123 (51%) 88 (53%) 28 (44%)
14

15 Race / Ethnicity

16

17 Caucasian 113 (47%) 68 (41%) 44 (68%)
ig African-American 76 (31%) 65 (39%) 5 (8%)

20 Hispanic 34 (14%) 25 (15%) 9 (14%)

21

29 BMI 2 28 (25 — 35) 30 (25 - 35) 27 (25 -32)
gj <25 58 (24%) 35 (21%) 15 (25%)
25 2530 85 (36%) 57 (35%) 25 (41%)
20 >30 94 (40%) 72 (44%) 21 (34%)
o Diabetes 40 (17%) 32 (19%) 7 (11%)

30

31 AST (U/L) 57 (42 -91) 60 (42 — 93) 56 (42 — 84)
32

33 ALT (U/L) 63 (48 — 103) 66 (47 — 103) 62 (50 — 100)
34

gg Albumin (g/dL) 4.3 (4.0 - 4.6) 4.3 (4.0 - 4.6) 4.4 (3.1 -4.6)
2; WBC (x10°/uL) 3 6.5(52-17.8) 6.6 (5.2 -7.8) 6.4(52-17.7)
39

40 Hemoglobin (g/dL) 147 (13.7-159) 147 (14.0-15.9)  14.8 (13.5-16.0)
41

fé Platelet count (x10*/uL) 203 (148 — 250) 201 (140 — 252) 209 (154 — 249)
jg HCV virus (x10° TU/mL) * 500 (272 — 950) 473 (274 — 850) 569 (252 — 1480)
46

47 Biopsy with cirrhosis > 36/172 (21%) 29/129 (22%) 6/30 (20%)
48

49 Clinical cirrhosis ° 40 (17%) 29 (17%) 11 (17%)
50

g; Time (months) ’

53 Before start 9 (4-16) 9(5-21) 84-11)
o After start 64 (24 - 95) 61 (21 -92) 62 (34 - 98)
> Deaths 43 (18%) 34 (20%) 9 (14%)

58

59

60
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! Results are median (interquartile range in parentheses) or number (percentage in parentheses).
2 Incomplete BMI data for 2 subjects with genotype 1 and 3 subjects with genotypes 2/3

3 No complete blood count data in retrievable records for 1 subject with genotype 2 prior to
therapy. On day 8, Hb 15.3 g/dL., WBC 6,700 /uL and platelet count 236,000 /uL.

* No retrievable data for 2 subjects, 1 with genotype 1, 1 with genotype 3.

> Biopsy results are number with cirrhosis / number of subjects who were biopsied (percentage
with cirrhosis in parentheses). Fewer subjects with genotypes 2 and 3 were biopsied.

® Radiologic evidence or complications as defined in methods. These subjects did not undergo
liver biopsy.

’ Time in the Liver Clinic before the start of therapy and time in the hospital systems after start
of therapy. Records of clinic appointments are available in an electronic health record starting in
1998. Records for both Parkland Health and Hospital System encounters and the University
Hospitals of UT Southwestern Medical Center are aggregated in a clinical data repository.
Abbreviations: ALT — alanine aminotransferase; AST — aspartate aminotransferase; BMI — body

mass index; HCV — hepatitis C virus; WBC — white blood cell count
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Table II: Factors Predicting Sustained Virologic Response (SVR)

Univariate Analysis Multivariate Analysis
Variable

©CoOoO~NOUITA,WDNPE

OR 95% Cl1 OR 95% CI1

12 Demographics

14 Age <50 years 1.60 0.92 -2.78

17 Male gender 0.76 0.44 -1.30

African American race 0.16 0.07-0.35 0.20 0.07-0.54
22 Co-morbid conditions

25 BMI (< 30) 1.16 0.66 —2.02

o8 Diabetes 0.38 0.16 - 0.91

30 Disease-related

33 Genotype 1 infection 0.18 0.10-0.34 0.25 0.13-0.50
36 Albumin < 3.5 g/dL 0.22 0.06 - 0.76

38 Presence of cirrhosis 0.23 0.12-0.47 0.26 0.12-0.58
41 WBC < 6,600/uL 0.82 0.48 —1.40

a4 Platelet Count > 150,000 /uL 2.87 1.40-5091

47 ' SVR with BMI < 30 = 52/143 (36%) compared with 30/94 (32%) for BMI > 30; SVR with age
49 <50 yrs = 61/149 (41%) compared with 22/93 (24%) for age > 50 years; SVR with platelet

52 count > 150,000 /uL = 70/180 (39%) compared with 11/59 (19%) for platelet count < 150,000
54 /uL

Abbreviations: BMI — body mass index; WBC — white blood cell count
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Table III: Factors Predicting Mortality

BMJ Open

Page 84 of 87

Univariate Analysis

Multivariate Analysis

Variable
HR 95% C.1. HR 95 %
Demographics
Age <50 years 0.64 (0.35, 1.18)
Male gender 0.67 (0.36, 1.22)
African American race 1.46 (0.80, 2.67)
Co-morbid conditions
BMI < 30 0.84 (0.46, 1.54)
Co-morbid conditions (> 3) 1.10 (0.34, 3.57)
Psychiatric ' (n = 74) 0.51 (0.24, 1.09)
Hypertension (n = 68) 1.24 (0.66, 2.33)
Diabetes (n = 40) 2.14 (1.12, 4.08)
Disease-related
Genotype 1 infection 1.47 (0.70, 3.09)
Cirrhosis 4.78 (2.55, 8.95) 3.42 (1.77, 6.61)
Albumin < 3.5 g/dL 6.17 (3.30, 11.56) 3.11 (1.57, 6.18)
WBC < 6,600/uL 1.88 (1.00, 3.52)
Platelet Count > 150,000 /uLL 0.27 (0.15,0.49)
New referral 0.55 (0.30, 1.02)
Treatment-related
SVR 0.08 (0.02,0.34) 0.11 (0.03,0.47)
! Depression or bipolar disorder
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Figure 42: Results of Patient Evaluation and Treatment

Total population
n =242

Genotype 1 Genotypes 2/3 Other genotypes
n =166 n =64 n=12
Y Y Y
SVR SVR SVR
39 (24%) 39 (61%) 5 (42%)
RNA negative RNA negative RNA negative
15 (9%) 9 (13%) 1 (8%)
Discontinued Discontinued Discontinued
34 (20%) 8 (13%) 1 (8%)
Non-responder Non-responder Non-responder
78 (47%) 8 (13%) 5 (42%)
Died = 34/166 Died = 9/64 Died =0
(20%) (14%)
SVR SVR
0/39 (0%) 2/39 (5%)
RNA negative RNA negative
1/15 (7%) 0/9 (%)
No SVR No SVR

33/112 (29%)

7/18 (39%)

months off treatment (n = 6).

RNA negative = HCV RNA negative at last measurement, on treatment (n = 19) or less than 6
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Figure 23: Kaplan-Meier Survival Plot
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Article Summary:

Focus:
1. Chronic hepatitis C is common in urban populations with limited financial resources

2. Individual patient characteristics can limit success

Key messages:
1. Selection process identifies candidates with greater likelihood of better compliance
2. Survival benefit from successful treatment can be achieved with less expensive, older

therapies

Strengths and limitations:
1. Clear demonstration of long-term survival benefit in a high-risk population

2. Single institution retrospective study
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ABSTRACT

Objectives: To demonstrate the survival benefit from sustained virologic remission (SVR) in a
safety net hospital population with limited resources for hepatitis C virus (HCV) therapy.
Design and setting: We conducted a retrospective study at an urban safety-net hospital in the
U.S.

Participants and intervention: 242 patients receiving standard HCV therapy between 2001 and
2006.

Primary and secondary outcome measures: Response rates, including SVR, were recorded for
each patient. Univariate and multivariate analyses were performed to identify predictors of SVR
and 5 year survival.

Results: A total of 242 eligible patients were treated. Treatment was completed in 197 (81%)
patients, with 43 patients discontinuing therapy early — 32 due to adverse events and 11 due to
non-compliance. Complications on treatment were frequent, including 3 deaths. SVR was
achieved in 83 patients (34%). On multivariate analysis, independent predictors of a decreased
likelihood of achieving SVR included African American race (OR 0.20, 95% CI 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). Survival was 98% in those achieving SVR (median follow-up 72
months) and 71% in non-responders and those discontinuing therapy (n = 91, median known
follow-up 65 and 36 months respectively). On multivariate analysis, the only independent
predictor of improved survival was SVR (HR 0.12, 95% CI 0.03 — 0.52). Both cirrhosis and

hypoalbuminemia were independent predictors of increased mortality.
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Conclusions: Treatment before histologic cirrhosis develops, in combination with careful
selection, may improve long-term outcomes without compromising other health care endeavors

in safety net hospitals and areas with financial limitations.
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INTRODUCTION

For many years, standard of care for patients with chronic HCV included treatment with
pegylated interferon and ribavirin (1) based on evidence from randomized controlled trials
(RCTs) (2-4). Conditions in RCTs are often very different than those of clinical practice. Given
this potential discrepancy between an intervention’s efficacy (the effect under carefully
controlled conditions) and effectiveness (the effect when implemented in real-world settings),
there is increasing emphasis on comparative effectiveness research to improve delivery of care
(5, 6). Accordingly, the NIH recently included the evaluation of real-world outcomes of

healthcare interventions in liver disease as a priority area for future research.

Prior studies evaluating HCV therapy have primarily included well-insured, Caucasian patients
followed in academic centers. However, HCV therapy is less well described among under-
insured, urban, minority patients. Some have concluded that current HCV therapy may be
ineffective for these patients, warranting new strategies (7). However, we hypothesized that
improved HCV outcomes are possible among this difficult-to-treat population with the aid of

careful patient selection.

Screening for infection in the birth cohort with the highest prevalence of chronic HCV infection,
1.e. those born between 1945 and 1965, was controversial. While the Centers for Disease Control
and Prevention have made a strong recommendation for this approach (8), the United States
Public Service Task Force (USPSTF) was initially less enthusiastic (Grade C) (9). However,

USPSTF now supports screening in those at high risk (Grade B), previously considered optional
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and birth cohort screening (10). The primary aim of our study was to report the long-term
benefit of HCV therapy in an American urban population with a high proportion of difficult-to-

treat patients who were followed in a safety net hospital.
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METHODS

Study Population

We conducted a chart review of all patients initiated on HCV treatment between November
2001 and October 2006. Eligible patients were seen in the faculty attending-supervised Liver
Clinic at Parkland Health and Hospital System (PHHS). Clinic patients were evaluated initially
by a member of the clinic nursing staff and followed by Gastroenterology trainees and/or Internal
Medicine residents, under the supervision of Hepatology faculty members (n = 6). After patients
had fulfilled a list of basic requirements (Figure 1), the final decision to initiate treatment for
any individual patient was made by the supervising attending physician based on his/her

assessment of the patient’s candidacy.

After the treatment decision was made, demographics for all patients were entered into an
electronic file maintained by the clinic nursing staff. The electronic file was used for this
retrospective medical record review. The clinic nursing staff also saw all patients to provide
instructions on medications as well as on interim follow-up visits and offered telephone advice.
Patients were regularly seen in the Liver Clinic while on treatment and followed until SVR or
discontinuation, at which time they returned to primary care or remained in the Liver Clinic,
depending on the complications of liver disease experienced. Long-term follow-up was
accomplished using the Social Security Death Index (prior to the regulatory 10 year embargo on
information and removal of records from the State of Texas) and the combined electronic
medical records of Parkland Health and Hospital System and the University Hospitals of UT
Southwestern. This study was approved by the Institutional Review Board of the University of

Texas Southwestern Medical Center.
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Treatment Regimen

Based on consensus guidelines, patients were treated with weekly pegylated interferon alpha-2b
1.5 pg/kg and daily ribavirin 800-1200 mg. A combination of growth factors and dose reductions
were used for patients with hemoglobin < 10 g/dL, granulocyte count < 500/uL, or platelet
counts < 50,000/uL according to a standard protocol. The intended duration of therapy for
genotypes 1, 4 and 6 was 48 weeks, and the intended duration of therapy for genotypes 2 and 3
was 24 weeks. All patients were scheduled to be seen at regular intervals during treatment, as
deemed necessary based on treatment tolerance, and were followed for an additional 24 weeks

after completion of therapy to determine the presence or absence of SVR.

Data Collection

Patient demographics, clinical history, laboratory data and imaging results were obtained through
review of computerized and paper medical records. Demographics, date of HCV therapy
initiation, medication starting doses, medication dose reductions, use of growth factors, date of
treatment discontinuation, and response rates while on therapy were documented. Response rates
included early virologic response (EVR), end-of-treatment (EOT) response, and/or sustained
virologic response (SVR) rates. We also recorded complication rates, including any
hospitalizations and/or deaths. Laboratory data recorded included HCV genotype, baseline HCV
viral load, white blood cell (WBC) count, hemoglobin, platelet count, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), bilirubin, albumin, international
normalized ratio (INR), and alpha fetoprotein (AFP). Imaging and liver biopsy data were
reviewed to determine the presence or absence of cirrhosis. The presence of cirrhosis was based

on histology or imaging showing a cirrhotic appearing liver with associated signs of portal
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hypertension including splenomegaly, varices, or thrombocytopenia. Date of death for patients

was ascertained using the PHHS electronic medical record and Social Security Death Files.

Statistical Analysis

For continuous variables, we summarized the data by mean and standard deviation, and
compared groups using a two-sample Student t test. For categorical variables, we computed
percentages and compared groups using Fisher’s exact test. We used a multivariate logistic
regression model, with stepwise variable selection, to determine predictors for SVR. Statistical
significance was defined as a p-value < 0.05 on univariate and multivariate analyses. All

analyses were performed using SAS 9.2 (SAS Institute, Cary, NC).
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RESULTS

Eligibility for Therapy

The study subjects comprised all patients in the Liver Clinic meeting selection criteria and
undergoing anti-viral treatment for chronic HCV infection between November 2001 and October
2006. Every patient with chronic HCV being followed in the Liver Clinic or newly referred by a
primary care provider was considered for treatment once pegylated interferon was approved by
the Pharmacy and Therapeutics Committee in 2001. Between 2001 and 2006, 1,966 subjects
accounted for 2,370 new referrals; of these 126 received at least one dose of pegylated interferon
and ribavirin. The remaining subjects never became eligible or were deemed unsuitable. In an
electronic look-back over new patient referrals from a two-year period (2004 and 2005, n = 989),
366 referrals (37%) were for patients ineligible for clinic appointments at that time (see
algorithm, Figure 1). Clinic appointments were offered to 597 individuals (623 referrals) of
whom 389 attended the clinic at least once (i.e. 35% did not keep the clinic appointment). A total
of 57 individuals were commenced on treatment (15% of those keeping at least one

appointment).

Common reasons for initial exclusion after electronic medical record review, that followed
referral from a primary care provider, included severe thrombocytopenia (defined as platelet
count < 50,000/uL), uncontrolled diabetes (defined as HbA1C > 9%), uncontrolled depression,
and positive urine toxicology screen (Figure 1). Reasons for not initiating patients on therapy
after physician evaluation in the clinic included co-morbid conditions (autoimmune disease,
heart disease, lung disease and psychiatric disease), continued alcohol consumption, early stage

histology, and/or socio-economic barriers that would prevent regular follow-up during treatment.
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Patient Characteristics

Demographic and clinical characteristics of the study population are shown in Table I and the
supplemental table. The study subjects included 166 (68%) patients with genotype 1 infection,
64 (27%) with genotype 2 or 3, and 12 (5%) patients with other genotypes. The median age of
the patients was 48 years (range 20-68 years), 72% were in the birth cohort 1045-1065 and 51%
(n=123) were male. The subjects were racially and ethnically diverse with 31% African
American, 14% Hispanic and 47% non-Hispanic white. Common co-morbid conditions included
depression or other psychiatric disease (74 patients, 31%), hypertension (68 patients, 28%) and
diabetes mellitus (40 patients, 17%). Co-morbid conditions potentially associated with decreased
response rates included morbid obesity (BMI > 40; 22 patients, 9%) and HIV (7 patients, 3%).
Cirrhosis was present histologically in 31%, 36 patients biopsied before treatment initiation and

another 40 patients by clinical criteria.

Newly referred patients (n = 126 subjects, with 164 separate referrals) were largely similar to
patients entering the clinic via other processes (supplemental table). The latter group included
patients seen in the clinic while meeting selection criteria, being followed awaiting formulary
approval and those referred after an inpatient hospitalization. The only significant differences
were the higher prevalence of diabetes (p = 0.003) and the higher viral load (p = 0.02) in the
newly referred subjects. The referral subject population had trends towards more African
Americans, higher BMI and fewer deaths in follow-up.

Treatment Response
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Therapy was completed in 197 (81%) patients, with 43 patients discontinuing treatment
prematurely (Figure 2). Therapy was discontinued for adverse events in 32 patients including 3
deaths and another 11 patients were non-compliant with follow-up appointments. There was a
trend toward higher treatment discontinuation rates for genotype 1 than genotype 2/3 patients but
this did not reach statistical significance (p = 0.16). Of the 7 patients with HIV (6 Caucasian and
genotype 1, 1 Hispanic and genotype 3), 4 discontinued therapy after side effects, none achieved

SVR.

Overall, SVR was achieved in 83 (34%) patients, including 39 (24%) of those with genotype 1
and 39 (61%) of those with genotype 2/3 infection (p < 0.001). There was no significant
difference in rates of SVR between subjects newly referred to the clinic (46/126, 37%) and
subjects in the clinic awaiting formulary approval or referred after an inpatient hospitalization
(36/116, 32%). Of note, 10 of 22 patients with morbid obesity (BMI range 41 — 50) were treated

successfully; 7 had genotype 1 infection, 2 of whom were African American women.

SVR was obtained in only 11% of African American patients, compared to 44% of non-Hispanic
whites (p < 0.001) and 38% of Hispanic patients (p = 0.001). This difference in SVR rates was
primarily seen among those with genotype 1 infection. SVR was achieved in only 7% of African
Americans with genotype | infection, compared to 40% of non-Hispanic whites (p <0.001) and
24% Hispanics (p = 0.03). SVR rates did not significantly differ by race/ethnicity among patients
with genotype 2/3 infection. African Americans with genotype 2/3 infection had SVR in 60% of

cases, compared to 55% of non-Hispanic whites (p = 0.82) and 78% Hispanics (p = 0.48).
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Cirrhosis was associated with significantly lower rates of SVR, only 10 (13%) cirrhotic patients
achieved SVR. Among genotype 1 patients, SVR was achieved in 34 (31%) of 108 patients
without cirrhosis compared to only 5 (9%) of 57 patient with cirrhosis. Similarly, SVR rates
were significantly higher among non-cirrhotic genotype 2/3 patients than those with cirrhosis

(70% vs. 35%, p=0.01).

In small numbers of patients (n = 14), having 3 or more co-morbid conditions reduced the
likelihood of achieving SVR (3/14, 21%). Patients with diabetes were less likely to respond
favorably (7/40, 18% SVR) as were those with hypertension (15/68, 22% SVR). Psychiatric

disease (depression or schizophrenia) did not affect SVR rates (26/66, 39%).

Negative predictors of SVR on univariate analysis included HCV genotype 1 infection (p <
0.001), African American race (p < 0.001), presence of cirrhosis (p = 0.001), thrombocytopenia
(p = 0.005) and diabetes (p = 0.02). Neither Hispanic ethnicity nor anemia (Hb < 12 g/dL) was a
significant predictor of response. On multivariate analysis (Table II), independent predictors of
failure to achieve SVR included African American race (OR 0.20, 95% CI1 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). These three factors were highly predictive of failure to achieve SVR,

with a c-statistic of 0.77 (data not shown).

From long-term follow-up after commencement of treatment, we found that a total of 43 (18%)
patients died, including 34 (20%) with genotype 1 infection and 9 (14%) with genotype 2/3.

Survival was significantly more likely among patients who achieved SVR than non-responders
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(98% vs. 71%, p < 0.001) and those who discontinued therapy (98% vs. 71%, p < 0.001). Of the
patients with cirrhosis achieving SVR, 90% (9/10) were presumed or known to be alive at least 5
years later. In contrast, 28 of the 43 patients known to have died had cirrhosis at the time of
treatment (65%). Both diabetes and hypertension were associated with an increased risk of
dying. Complete follow-up and survival analysis are shown in Figure 3 and Table III. On
multivariate analysis, cirrhosis and hypoalbuminemia independently increased mortality whereas

SVR decreased mortality.

Adverse Effects

As summarized above, 43 (18%) patients discontinued treatment prior to completion including
32 patients for adverse events. Of the patients discontinued for adverse events, 26 required
hospitalization. The most common reasons for hospitalization included infection (n=13), severe
cytopenias (n=4), volume depletion (n=3), and chest pain (n=2). There were two patients whose
therapy was discontinued after they developed hepatocellular carcinoma. Three (1%) patients
died during therapy. One patient, whose course was complicated by depression and another,
whose course was complicated by infection (pneumonia and tooth abscess), died out of the
hospital from unknown causes. The third patient had gastrointestinal bleeding in the setting of
non-steroidal anti-inflammatory drug (NSAID) use and died after developing streptococcal

bacteremia and acute renal failure.
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DISCUSSION

While we found that SVR was achieved in only one-third of treated patients, the lower rates
among African American patients and those with underlying cirrhosis explain most of the
difference. In addition, patients in safety net hospitals have multiple barriers to therapy initiation,
with only a small minority being treatment eligible by the selection criteria used. In our cohort,
less than 10% of patients referred for HCV were initiated on treatment. Finally, HCV therapy has
potentially severe adverse effects and careful patient selection is crucial. Our study therefore
highlights several concepts applicable to current-day HCV practice despite the approval of
telaprevir and boceprevir for patients with genotype 1 infection (11, 12). In addition, our findings
support early screening and detection of chronic HCV so that therapy can be commenced before

progression to cirrhosis.

HCYV infection is particularly common among patients followed in safety net hospitals where
resources are limited, making this an important population to study (13, 14). Patients followed in
safety net hospitals tend to be quite different than most clinical trial patients. Safety net hospitals
have higher proportions of racial/ethnic minority patients, as well as higher rates of comorbid
illnesses and socioeconomic barriers to care (15). Compared to a representative randomized
controlled trial of HCV treatment (2), our population was older, more obese, had a higher
proportion of African Americans and more advanced liver disease at presentation. In a prior
study from a safety net hospital in New York City, only 14% of genotype 1 patients achieved
SVR, with significantly lower rates among minority (7). Our ability to achieve higher SVR rates
than that reported by Feuerstadt and colleagues may be related to differences in treatment

eligibility. Although both protocols selected for suitable medical candidates, our protocol also
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selected more compliant patients. Whereas nearly 26% of patients in the study by Feuerstadt and
colleagues were non-compliant with clinic visits, this led to therapy discontinuation in only 5%
of patients in our study (p < 0.001). The importance of adherence cannot be underestimated, with
both early and sustained virologic responses being dependent on this single factor (16).
Compliance will continue to be important in future therapy until regimens are simple and consist

of long half-life oral medications with minimal side-effects.

Our study has several limitations. It was performed in a single large safety-net hospital and may
not be generalizable to other practice settings. Not all patients underwent liver biopsy prior to
HCYV treatment so the presence or absence of cirrhosis was also determined by imaging, which
may not be as accurate. However, we believe that the limitations of this study are outweighed by
its notable strengths including the size of our cohort, the unique patient population and the length

of follow-up.

In conclusion, our study highlights several lessons that will be important to remember even when
using new protease inhibitor therapy. Multiple challenges, including socioeconomic barriers
precluding compliance and comorbid illnesses, make only a small minority of patients followed
in safety net hospitals eligible for HCV therapy. SVR occurs in only one-third of patients, with
even lower rates among minority patients and those with underlying cirrhosis. Both early
detection and careful patient selection remains crucial, given that severe adverse effects are seen
in nearly 15% of patients. Data from long-term benefit studies, such as ours, as well as real-

world effectiveness should be taken into account more than efficacy data from clinical trials,
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when weighing the risks and benefits of screening for chronic HCV and commencing HCV

therapy among patients followed in safety net hospitals in clinical practice (17).
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1

2

2 Table I: Study Population Characteristics '

5

6 All Patients Genotype 1 Genotypes 2/3
0

8 (n=242) (n=166) (n=64)

9

12 Age in years 48 (43 —54) 48 (43 —54) 49 (43 —54)
12

13 Male gender 123 (51%) 88 (53%) 28 (44%)
14

15 Race / Ethnicity

i? Caucasian 113 (47%) 63 (41%) 44 (68%)
18 African-American 76 (31%) 65 (39%) 5 (8%)

19

20 Hispanic 34 (14%) 25 (15%) 9 (14%)
21

2o BMI 28 (25 — 35) 30 (25 —35) 27 (25 - 32)
gi <25 58 (24%) 35 (21%) 15 (25%)
25 25-30 85 (36%) 57 (35%) 25 (41%)
20 >30 94 (40%) 72 (44%) 21 (34%)
o Diabetes 40 (17%) 32 (19%) 7 (11%)
30

31 AST (U/L) 57 (42-91) 60 (42 —93) 56 (42 — 84)
32

33 ALT (U/L) 63 (48 — 103) 66 (47 — 103) 62 (50 — 100)
34

gg Albumin (g/dL) 4.3 (4.0 - 4.6) 4.3 (4.0 - 4.6) 4.4 (3.1-4.6)
2; WBC (x10°/uL) ? 6.5(5.2—7.8) 6.6 (5.2 —7.8) 6.4(52-17.7)
39

40 Hemoglobin (g/dL) 147 (13.7-159)  14.7(14.0-15.9)  14.8(13.5—16.0)
41

fé Platelet count (x10°/uL) 203 (148 — 250) 201 (140 — 252) 209 (154 — 249)
jg HCV virus (x10° IU/mL) * 500 (272 — 950) 473 (274 — 850) 569 (252 — 1480)
46

47 Biopsy with cirrhosis ° 36/172 (21%) 29/129 (22%) 6/30 (20%)
48

49 Clinical cirrhosis ° 40 (17%) 29 (17%) 11 (17%)
50

g; Time (months) ’

53 Before start 9(4-16) 9(5-21) 8(4-11)
o After start 64 (24 — 95) 61 (21 —92) 62 (34 — 98)
> Deaths 43 (18%) 34 (20%) 9 (14%)
58

59

60
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! Results are median (interquartile range in parentheses) or number (percentage in parentheses).
? Incomplete BMI data for 2 subjects with genotype 1 and 3 subjects with genotypes 2/3

3 No complete blood count data in retrievable records for 1 subject with genotype 2 prior to
therapy. On day 8, Hb 15.3 g/dL., WBC 6,700 /uL and platelet count 236,000 /uL.

* No retrievable data for 2 subjects, 1 with genotype 1, 1 with genotype 3.

> Biopsy results are number with cirrhosis / number of subjects who were biopsied (percentage
with cirrhosis in parentheses). Fewer subjects with genotypes 2 and 3 were biopsied.

® Radiologic evidence or complications as defined in methods. These subjects did not undergo
liver biopsy.

7 Time in the Liver Clinic before the start of therapy and time in the hospital systems after start
of therapy. Records of clinic appointments are available in an electronic health record starting in
1998. Records for both Parkland Health and Hospital System encounters and the University
Hospitals of UT Southwestern Medical Center are aggregated in a clinical data repository.
Abbreviations: ALT — alanine aminotransferase; AST — aspartate aminotransferase; BMI — body

mass index; HCV — hepatitis C virus; WBC — white blood cell count
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Table II: Factors Predicting Sustained Virologic Response (SVR) '

Univariate Analysis Multivariate Analysis
Variable

©CoOoO~NOUITA,WDNPE

OR 95% CI OR 95% CI

12 Demographics

14 Age <50 years 1.60 0.92-2.78

17 Male gender 0.76 0.44 -1.30

African American race 0.16 0.07-0.35 0.20 0.07 -0.54
22 Co-morbid conditions

25 BMI (< 30) 1.16 0.66 —2.02

o8 Diabetes 0.38 0.16 -0.91

30 Disease-related

33 Genotype 1 infection 0.18 0.10-0.34 0.25 0.13-0.50
36 Albumin < 3.5 g/dL 0.22 0.06 - 0.76

38 Presence of cirrhosis 0.23 0.12-0.47 0.26 0.12-0.58
41 WBC < 6,600/uL 0.82 0.48 —1.40

a4 Platelet Count > 150,000 /uL 2.87 1.40 -5.91

47 ' SVR with BMI < 30 = 52/143 (36%) compared with 30/94 (32%) for BMI > 30; SVR with age
49 <50 yrs = 61/149 (41%) compared with 22/93 (24%) for age > 50 years; SVR with platelet

52 count > 150,000 /puL = 70/180 (39%) compared with 11/59 (19%) for platelet count < 150,000
54 /uL

Abbreviations: BMI — body mass index; WBC — white blood cell count
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Table III: Factors Predicting Mortality
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Page 24 of 86

Univariate Analysis

Multivariate Analysis

Variable
HR 95% C.I. HR 95%
Demographics
Age <50 years 0.64 (0.35,1.18)
Male gender 0.67 (0.36, 1.22)
African American race 1.46 (0.80, 2.67)
Co-morbid conditions
BMI <30 0.84 (0.46, 1.54)
Co-morbid conditions (> 3) 1.10 (0.34, 3.57)
Psychiatric "(n=74) 0.51 (0.24, 1.09)
Hypertension (n = 68) 1.24 (0.66, 2.33)
Diabetes (n =40) 2.14 (1.12, 4.08)
Disease-related
Genotype 1 infection 1.47 (0.70, 3.09)
Cirrhosis 4.78 (2.55, 8.95) 3.42 (1.77,6.61)
Albumin < 3.5 g/dL 6.17 (3.30, 11.56) 3.11 (1.57, 6.18)
WBC < 6,600/uL 1.88 (1.00, 3.52)
Platelet Count > 150,000 /uLL 0.27 (0.15,0.49)
New referral 0.55 (0.30, 1.02)
Treatment-related
SVR 0.08 (0.02, 0.34) 0.11 (0.03,0.47)
! Depression or bipolar disorder
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Figure 2: Results of Patient Evaluation and Treatment

Total population
n =242

Genotype 1 Genotypes 2/3 Other genotypes
n =166 n =64 n=12
Y Y Y
SVR SVR SVR
39 (24%) 39 (61%) 5 (42%)
RNA negative RNA negative RNA negative
15 (9%) 9 (13%) 1 (8%)
Discontinued Discontinued Discontinued
34 (20%) 8 (13%) 1 (8%)
Non-responder Non-responder Non-responder
78 (47%) 8 (13%) 5 (42%)
Died = 34/166 Died = 9/64 Died =0
(20%) (14%)
SVR SVR
0/39 (0%) 2/39 (5%)
RNA negative RNA negative
1/15 (7%) 0/9 (%)
No SVR No SVR

33/112 (29%)

7/18 (39%)

months off treatment (n = 6).

RNA negative = HCV RNA negative at last measurement, on treatment (n = 19) or less than 6
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1

2

2 Supplemental table: Study Population Characteristics '

g New referral Follow-up p value
0

8 (n=126) (n=116)

9

10 Age in years 49 (44 - 55) 48 (43 -52) 0.22
11

ig Male gender 61 (49%) 62 (53%) 0.44
o Race / Ethnicity 0.09
16 African American 42 (37%) 34 (31%)

17

18 Hispanic 21 (19%) 13 (12%)

-’213 Non-Hispanic white 50 (40%) 63 (54%)

g; BMI * 29 (25 — 36) 28 (25— 33) 0.07
23 <25 34 (28%) 24 (21%)

gg 2530 35 (28%) 50 (43%)

26 >30 55 (45%) 39 (34%)

27

28 Diabetes ' 29 (23%) 11 (9%) 0.003
29

gg AST (U/L) 57 (40 — 85) 59 (44 — 96) 0.56
> ALT (U/L) 60 (46 — 92) 72 (50 — 112) 0.85
34

35 Albumin (g/dL) 4.2 (4.0 -4.5) 4.4 (4.1 -4.6) 0.16
36

37 WBC (x10°/uL) ? 6.6 (5.2—7.5) 6.5 (5.2 — 8.0) 0.37
38

zg Hemoglobin (g/dL) 14.6 (13.5-15.4)  15.0 (13.8—16.0) 0.10
41

PP Platelet count (x10°/pL) 202 (147 — 249) 203 (150 — 252) 0.95
43

44 HCV virus (x10° TU/mL) * 500 (231-3,010) 451 (286 — 652) 0.02
45

jg Biopsy with cirrhosis ° 22/84 (26%) 14/87 (16%) 0.21
jg Clinical cirrhosis ° 18 (14%) 22 (19%) 0.49
50 ‘ ;

51 Time (months)

gg Before start 7(4-12) 11 (6 -21) 0.48
54 After start 68 (35 — 90) 52 (19 - 102) 0.44
55

56 Deaths 17 (15%) 26 (22%) 0.07
57

58

59

60
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! Results are median (interquartile range in parentheses) or number (percentage in parentheses).
? Incomplete BMI data for 2 referral subjects and 3 other subjects

3 No complete blood count data in retrievable records for 1 referral subject prior to therapy. On
day 8, Hb 15.3 g/dL, WBC 6,700 /uL and platelet count 236,000 /uL.

* No retrievable pre-treatment HCV RNA for 2 subjects, both in the other group

> Biopsy results are number with cirrhosis / number of subjects who were biopsied (percentage
with cirrhosis in parentheses). Fewer subjects with genotypes 2 and 3 were biopsied.

% Radiologic evidence or complications as defined in methods. These subjects did not undergo
liver biopsy.

7 Time in the Liver Clinic before the start of therapy and time in the hospital systems after start
of therapy. Records of clinic appointments are available in an electronic health record starting in
1998. Records for both Parkland Health and Hospital System encounters and the University
Hospitals of UT Southwestern Medical Center are aggregated in a clinical data repository.
Abbreviations: ALT — alanine aminotransferase; AST — aspartate aminotransferase; BMI — body

mass index; HCV — hepatitis C virus; WBC — white blood cell count
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Article Summary:

Focus:
1. Chronic hepatitis C is common in urban populations with limited financial resources
2. Individual patient characteristics can limit success
3. Effectiveness in challenging patient populations is often lower than efficacy in

randomized controlled trials

Key messages:
1. Effective therapy for chronic hepatitis C can be provided to urban patient populations
with increased co-morbidities
2. Selection process identifies candidates with greater likelihood of better compliance
3. Survival benefit from successful treatment can be achieved with less expensive, older

therapies

Strengths and limitations:
1. Clear demonstration of long-term survival benefit in a high-risk population
2. Effectiveness comparable to efficacy by using selection criteria

3. Single institution retrospective study
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ABSTRACT

Objectives: To demonstrate the effectiveness of hepatitis C virus (HCV) therapy and survival
benefit from sustained virologic remission (SVR) in a safety net hospital population with limited
resources.

Design and setting: We conducted a retrospective cross-sectional study at an urban safety-net
hospital in the U.S.

Participants and intervention: 242 patients receiving standard HCV therapy between 2001 and
2006.

Primary and secondary outcome measures: Response rates, including sustained virologic
response (SVR), were recorded for each patient. Univariate and multivariate analyses were
performed to identify predictors of SVR and 5 year survival.

Results: A total of 242 eligible patients were treated. Treatment was completed in 197 (81%)
patients, with 43 patients discontinuing therapy early — 32 due to adverse events and 11 due to
non-compliance. Complications on treatment were frequent, including 3 deaths. SVR was
achieved in 83 patients (34%). On multivariate analysis, independent predictors of a decreased
likelihood of achieving SVR included African American race (OR 0.20, 95% CI 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). Survival was 98% in those achieving SVR (median follow-up 72
months) and 71% in non-responders and those discontinuing therapy (n = 91, median known
follow-up 65 and 36 months respectively). On multivariate analysis, the only independent
predictor of improved survival was SVR (HR 0.12, 95% CI 0.03 — 0.52). Both cirrhosis and

hypoalbuminemia were independent predictors of increased mortality.
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Conclusions: HCV therapy can be effective despite limited resources. Survival is improved in
those achieving SVR. Treatment before histologic cirrhosis develops, in combination with
careful selection, may improve long-term outcomes without compromising other health care

endeavors in safety net hospitals and areas with financial limitations.
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INTRODUCTION

For many years, standard of care for patients with chronic HCV included treatment with
pegylated interferon and ribavirin (1) based on evidence from randomized controlled trials
(RCTs) (2-4). Conditions in RCTs are often very different than those of clinical practice. Given
this potential discrepancy between an intervention’s efficacy (the effect under carefully
controlled conditions) and effectiveness (the effect when implemented in real-world settings),
there is increasing emphasis on comparative effectiveness research to improve delivery of care
(5, 6). Accordingly, the NIH recently included the evaluation of real-world outcomes of

healthcare interventions in liver disease as a priority area for future research.

Prior studies evaluating the effectiveness of HCV therapy have primarily included well-insured,
Caucasian patients followed in academic centers. However, the effectiveness of HCV therapy is
less well described among under-insured, urban, minority patients. Some have concluded that
current HCV therapy may be ineffective for these patients, warranting new strategies (7).
However, we hypothesized that improved HCV outcomes are possible among this difficult-to-

treat population with the aid of careful patient selection.

Screening for infection in the birth cohort with the highest prevalence of chronic HCV infection,
1.e. those born between 1945 and 1965, remains controversial. While the Centers for Disease
Control and Prevention have made a strong recommendation for this approach (8), the United
States Public Service Task Force (USPSTF) currently is less enthusiastic (Grade C) (9). In
contrast, USPSTF now supports screening in those at high risk (Grade B), previously considered

optional. The primary aim of our study was to report the short-term effectiveness and long-term
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benefit of HCV therapy in an American urban population with a high proportion of difficult-to-

treat patients who were followed in a safety net hospital.

. . . . ) ) Manuscript Page 7 of 27
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag paloaloid 1senb Ag 20z ‘0T [Mdy uo /woo fwg uadolwg//:dny wouy papeojumoq "£T0Z Jequialdss Z uo TEZE00-£T0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

METHODS

Study Population

We conducted a cross sectional study of all patients initiated on HCV treatment between
November 2001 and October 2006. Eligible patients were seen in the faculty attending-
supervised Liver Clinic at Parkland Health and Hospital System (PHHS). Clinic patients were
evaluated initially by a member of the clinic nursing staff and followed by Gastroenterology
trainees and/or Internal Medicine residents, under the supervision of Hepatology faculty
members (n = 6). After patients had fulfilled a list of basic requirements (supplemental figure ),
the final decision to initiate treatment for any individual patient was made by the supervising

attending physician based on his/her assessment of the patient’s candidacy.

After the treatment decision was made, demographics for all patients were entered into an
electronic file maintained by the clinic nursing staff. The electronic file was used for this
retrospective medical record review. The clinic nursing staff also saw all patients to provide
instructions on medications as well as on interim follow-up visits and offered telephone advice.
Patients were regularly seen in the Liver Clinic while on treatment and followed until SVR or
discontinuation, at which time they returned to primary care or remained in the Liver Clinic,

depending on the complications of liver disease experienced. Long-term follow-up was

accomplished using the Social Security Death Index (prior to the regulatory 10 year embargo on

information and removal of records from the State of Texas) and the combined electronic
medical records of Parkland Health and Hospital System and the University Hospitals of UT
Southwestern. This study was approved by the Institutional Review Board of the University of

Texas Southwestern Medical Center.
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Treatment Regimen

Based on consensus guidelines, patients were treated with weekly pegylated interferon alpha-2b
1.5 pg/kg and daily ribavirin 800-1200 mg. A combination of growth factors and dose reductions
were used for patients with hemoglobin < 10 g/dL, granulocyte count < 500/uL, or platelet
counts < 50,000/uL according to a standard protocol. The intended duration of therapy for
genotypes 1, 4 and 6 was 48 weeks, and the intended duration of therapy for genotypes 2 and 3
was 24 weeks. All patients were scheduled to be seen at regular intervals during treatment, as
deemed necessary based on treatment tolerance, and were followed for an additional 24 weeks

after completion of therapy to determine the presence or absence of SVR.

Data Collection

Patient demographics, clinical history, laboratory data and imaging results were obtained through
review of computerized and paper medical records. Demographics, date of HCV therapy
initiation, medication starting doses, medication dose reductions, use of growth factors, date of
treatment discontinuation, and response rates while on therapy were documented. Response rates
included early virologic response (EVR), end-of-treatment (EOT) response, and/or sustained
virologic response (SVR) rates. We also recorded complication rates, including any
hospitalizations and/or deaths. Laboratory data recorded included HCV genotype, baseline HCV
viral load, white blood cell (WBC) count, hemoglobin, platelet count, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), bilirubin, albumin, international
normalized ratio (INR), and alpha fetoprotein (AFP). Imaging and liver biopsy data were
reviewed to determine the presence or absence of cirrhosis. The presence of cirrhosis was based

on histology or imaging showing a cirrhotic appearing liver with associated signs of portal
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hypertension including splenomegaly, varices, or thrombocytopenia. Date of death for patients

was ascertained using the PHHS electronic medical record and Social Security Death Files.

Statistical Analysis

For continuous variables, we summarized the data by mean and standard deviation, and
compared groups using a two-sample Student t test. For categorical variables, we computed
percentages and compared groups using Fisher’s exact test. We used a multivariate logistic
regression model, with stepwise variable selection, to determine predictors for SVR. Statistical
significance was defined as a p-value < 0.05 on univariate and multivariate analyses. All

analyses were performed using SAS 9.2 (SAS Institute, Cary, NC).
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RESULTS

Eligibility for Therapy

The study subjects comprised all patients in the Liver Clinic meeting selection criteria and
undergoing anti-viral treatment for chronic HCV infection between November 2001 and October
2006. Every patient with chronic HCV being followed in the Liver Clinic or newly referred by a
primary care provider was considered for treatment once pegylated interferon was approved by
the Pharmacy and Therapeutics Committee in 2001. Between 2001 and 2006, 1,966 subjects
accounted for 2,370 new referrals; of these 126 received at least one dose of pegylated interferon
and ribavirin. The remaining subjects never became eligible or were deemed unsuitable. In an
electronic look-back over new patient referrals from a two-year period (2004 and 2005, n = 989),
366 referrals (37%) were for patients ineligible for clinic appointments at that time (see
algorithm, supplemental figure). Clinic appointments were offered to 597 individuals (623
referrals) of whom 389 attended the clinic at least once (i.e. 35% did not keep the clinic
appointment). A total of 57 individuals were commenced on treatment (15% of those keeping at

least one appointment).

Common reasons for initial exclusion after electronic medical record review, that followed
referral from a primary care provider, included severe thrombocytopenia (defined as platelet
count < 50,000/uL), uncontrolled diabetes (defined as HbA1C > 9%), uncontrolled depression,
and positive urine toxicology screen (supplemental figure). Reasons for not initiating patients on
therapy affer physician evaluation in the clinic included co-morbid conditions (autoimmune

disease, heart disease, lung disease and psychiatric disease), continued alcohol consumption,
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early stage histology, and/or socio-economic barriers that would prevent regular follow-up

during treatment.

Patient Characteristics

Demographic and clinical characteristics of the study population are shown in Table I and the
supplemental table. The study subjects included 166 (68%) patients with genotype 1 infection,
64 (27%) with genotype 2 or 3, and 12 (5%) patients with other genotypes. The median age of
the patients was 48 years (range 20-68 years), 72% were in the birth cohort 1045-1065 and 51%
(n=123) were male. The subjects were racially and ethnically diverse with 31% African
American, 14% Hispanic and 47% non-Hispanic white. Common co-morbid conditions included
depression or other psychiatric disease (74 patients, 31%), hypertension (68 patients, 28%) and
diabetes mellitus (40 patients, 17%). Co-morbid conditions potentially associated with decreased
response rates included morbid obesity (BMI > 40; 22 patients, 9%) and HIV (7 patients, 3%).
Cirrhosis was present histologically in 31%, 36 patients biopsied before treatment initiation and

another 40 patients by clinical criteria.

Newly referred patients (n = 126 subjects, with 164 separate referrals) were largely similar to
patients entering the clinic via other processes (supplemental table). The latter group included
patients seen in the clinic while meeting selection criteria, being followed awaiting formulary
approval and those referred after an inpatient hospitalization. The only significant differences
were the higher prevalence of diabetes (p = 0.003) and the higher viral load (p = 0.02) in the
newly referred subjects. The referral subject population had trends towards more African

Americans, higher BMI and fewer deaths in follow-up.
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Treatment Response

Therapy was completed in 197 (81%) patients, with 43 patients discontinuing treatment
prematurely (Figure 1). Therapy was discontinued for adverse events in 32 patients including 3
deaths and another 11 patients were non-compliant with follow-up appointments. There was a
trend toward higher treatment discontinuation rates for genotype 1 than genotype 2/3 patients but
this did not reach statistical significance (p = 0.16). Of the 7 patients with HIV (6 Caucasian and
genotype 1, 1 Hispanic and genotype 3), 4 discontinued therapy after side effects, none achieved

SVR.

Overall, SVR was achieved in 83 (34%) patients, including 39 (24%) of those with genotype 1
and 39 (61%) of those with genotype 2/3 infection (p < 0.001). There was no significant
difference in rates of SVR between subjects newly referred to the clinic (46/126, 37%) and
subjects in the clinic awaiting formulary approval or referred after an inpatient hospitalization
(36/116, 32%). Of note, 10 of 22 patients with morbid obesity (BMI range 41 — 50) were treated

successfully; 7 had genotype 1 infection, 2 of whom were African American women.

SVR was obtained in only 11% of African American patients, compared to 44% of non-Hispanic
whites (p <0.001) and 38% of Hispanic patients (p = 0.001). This difference in SVR rates was
primarily seen among those with genotype 1 infection. SVR was achieved in only 7% of African
Americans with genotype 1 infection, compared to 40% of non-Hispanic whites (p <0.001) and
24% Hispanics (p = 0.03). SVR rates did not significantly differ by race/ethnicity among patients
with genotype 2/3 infection. African Americans with genotype 2/3 infection had SVR in 60% of

cases, compared to 55% of non-Hispanic whites (p = 0.82) and 78% Hispanics (p = 0.48).
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Cirrhosis was associated with significantly lower rates of SVR, only 10 (13%) cirrhotic patients
achieved SVR. Among genotype 1 patients, SVR was achieved in 34 (31%) of 108 patients
without cirrhosis compared to only 5 (9%) of 57 patient with cirrhosis. Similarly, SVR rates
were significantly higher among non-cirrhotic genotype 2/3 patients than those with cirrhosis

(70% vs. 35%, p=0.01).

In small numbers of patients (n = 14), having 3 or more co-morbid conditions reduced the
likelihood of achieving SVR (3/14, 21%). Patients with diabetes were less likely to respond
favorably (7/40, 18% SVR) as were those with hypertension (15/68, 22% SVR). Psychiatric

disease (depression or schizophrenia) did not affect SVR rates (26/66, 39%).

Negative predictors of SVR on univariate analysis included HCV genotype 1 infection (p <
0.001), African American race (p < 0.001), presence of cirrhosis (p = 0.001), thrombocytopenia
(p = 0.005) and diabetes (p = 0.02). Neither Hispanic ethnicity nor anemia (Hb < 12 g/dL) was a
significant predictor of response. On multivariate analysis (Table II), independent predictors of
failure to achieve SVR included African American race (OR 0.20, 95% CI1 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). These three factors were highly predictive of failure to achieve SVR,

with a c-statistic of 0.77 (data not shown).

From long-term follow-up after commencement of treatment, we found that a total of 43 (18%)

patients died, including 34 (20%) with genotype 1 infection and 9 (14%) with genotype 2/3.
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Survival was significantly more likely among patients who achieved SVR than non-responders
(98% vs. 71%, p < 0.001) and those who discontinued therapy (98% vs. 71%, p < 0.001). Of the
patients with cirrhosis achieving SVR, 90% (9/10) were presumed or known to be alive at least 5
years later. In contrast, 28 of the 43 patients known to have died had cirrhosis at the time of
treatment (65%). Both diabetes and hypertension were associated with an increased risk of
dying. Complete follow-up and survival analysis are shown in Figure 2 and Table III. On
multivariate analysis, cirrhosis and hypoalbuminemia independently increased mortality whereas

SVR decreased mortality.

Adverse Effects

As summarized above, 43 (18%) patients discontinued treatment prior to completion including
32 patients for adverse events. Of the patients discontinued for adverse events, 26 required
hospitalization. The most common reasons for hospitalization included infection (n=13), severe
cytopenias (n=4), volume depletion (n=3), and chest pain (n=2). There were two patients whose
therapy was discontinued after they developed hepatocellular carcinoma. Three (1%) patients
died during therapy. One patient, whose course was complicated by depression and another,
whose course was complicated by infection (pneumonia and tooth abscess), died out of the
hospital from unknown causes. The third patient had gastrointestinal bleeding in the setting of
non-steroidal anti-inflammatory drug (NSAID) use and died after developing streptococcal

bacteremia and acute renal failure.
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DISCUSSION

While we found that there is a gap between the efficacy of drugs in clinical trials and their
effectiveness in clinical practice, in that SVR was achieved in only one-third of treated patients,
the lower rates among African American patients and those with underlying cirrhosis explain
most of the difference. In addition, patients in safety net hospitals have multiple barriers to
therapy initiation, with only a small minority being treatment eligible by the selection criteria
used. In our cohort, less than 10% of patients referred for HCV were initiated on treatment.
Finally, HCV therapy has potentially severe adverse effects and careful patient selection is
crucial. Our study therefore highlights several concepts applicable to current-day HCV practice
despite the approval of telaprevir and boceprevir for patients with genotype 1 infection (10, 11).
In addition, our findings support early screening and detection of chronic HCV so that therapy

can be commenced before progression to cirrhosis.

HCYV infection is particularly common among patients followed in safety net hospitals where
resources are limited, making this an important population to study (12, 13). Patients followed in
safety net hospitals tend to be quite different than most clinical trial patients. Safety net hospitals
have higher proportions of racial/ethnic minority patients, as well as higher rates of comorbid
illnesses and socioeconomic barriers to care (14). Compared to a representative randomized
controlled trial of HCV treatment (2), our population was older, more obese, had a higher
proportion of African Americans and more advanced liver disease at presentation. In a prior
study from a safety net hospital in New York City, only 14% of genotype 1 patients achieved
SVR, with significantly lower rates among minority (7). Our ability to achieve higher SVR rates

than that reported by Feuerstadt and colleagues may be related to differences in treatment
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eligibility. Although both protocols selected for suitable medical candidates, our protocol also
selected more compliant patients. Whereas nearly 26% of patients in the study by Feuerstadt and
colleagues were non-compliant with clinic visits, this led to therapy discontinuation in only 5%
of patients in our study (p < 0.001). The importance of adherence cannot be underestimated, with
both early and sustained virologic responses being dependent on this single factor (15).
Compliance will continue to be important in future therapy until regimens are simple and consist

of long half-life oral medications with minimal side-effects.

Our study has several limitations. It was performed in a single large safety-net hospital and may
not be generalizable to other practice settings. Not all patients underwent liver biopsy prior to
HCYV treatment so the presence or absence of cirrhosis was also determined by imaging, which
may not be as accurate. However, we believe that the limitations of this study are outweighed by
its notable strengths including the size of our cohort, the unique patient population and the length

of follow-up.

In conclusion, our study highlights several lessons that will be important to remember even when
using new protease inhibitor therapy. Although HCV therapy is associated with high efficacy
rates in clinical trials, its effectiveness in clinical practice may be substantially lower. Multiple
challenges, including socioeconomic barriers precluding compliance and comorbid illnesses,
make only a small minority of patients followed in safety net hospitals eligible for HCV therapy.
SVR occurs in only one-third of patients, with even lower rates among minority patients and
those with underlying cirrhosis. Both early detection and careful patient selection remains

crucial, given that severe adverse effects are seen in nearly 15% of patients. Data from both
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short-term effectiveness and long-term benefit studies, such as ours, should be taken into account
more than efficacy data from clinical trials, when weighing the risks and benefits of screening for
chronic HCV and commencing HCV therapy among patients followed in safety net hospitals in

clinical practice (16).
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1

2

2 Table I: Study Population Characteristics '

5

6 All Patients Genotype 1 Genotypes 2/3
0

8 (n=242) (n=166) (n=64)

9

12 Age in years 48 (43 —54) 48 (43 —54) 49 (43 —54)
12

13 Male gender 123 (51%) 88 (53%) 28 (44%)
14

15 Race / Ethnicity

i? Caucasian 113 (47%) 63 (41%) 44 (68%)
18 African-American 76 (31%) 65 (39%) 5 (8%)

19

20 Hispanic 34 (14%) 25 (15%) 9 (14%)
21

2o BMI 28 (25 — 35) 30 (25 —35) 27 (25 - 32)
gi <25 58 (24%) 35 (21%) 15 (25%)
25 25-30 85 (36%) 57 (35%) 25 (41%)
20 >30 94 (40%) 72 (44%) 21 (34%)
o Diabetes 40 (17%) 32 (19%) 7 (11%)
30

31 AST (U/L) 57 (42-91) 60 (42 —93) 56 (42 — 84)
32

33 ALT (U/L) 63 (48 — 103) 66 (47 — 103) 62 (50 — 100)
34

gg Albumin (g/dL) 4.3 (4.0 - 4.6) 4.3 (4.0 - 4.6) 4.4 (3.1-4.6)
2; WBC (x10°/uL) ? 6.5(5.2—7.8) 6.6 (5.2 —7.8) 6.4(52-17.7)
39

40 Hemoglobin (g/dL) 147 (13.7-159)  14.7(14.0-15.9)  14.8(13.5—16.0)
41

fé Platelet count (x10°/uL) 203 (148 — 250) 201 (140 — 252) 209 (154 — 249)
jg HCV virus (x10° IU/mL) * 500 (272 — 950) 473 (274 — 850) 569 (252 — 1480)
46

47 Biopsy with cirrhosis ° 36/172 (21%) 29/129 (22%) 6/30 (20%)
48

49 Clinical cirrhosis ° 40 (17%) 29 (17%) 11 (17%)
50

g; Time (months) ’

53 Before start 9(4-16) 9(5-21) 8(4-11)
o After start 64 (24 — 95) 61 (21 —92) 62 (34 — 98)
> Deaths 43 (18%) 34 (20%) 9 (14%)
58

59

60
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! Results are median (interquartile range in parentheses) or number (percentage in parentheses).
? Incomplete BMI data for 2 subjects with genotype 1 and 3 subjects with genotypes 2/3

3 No complete blood count data in retrievable records for 1 subject with genotype 2 prior to
therapy. On day 8, Hb 15.3 g/dL., WBC 6,700 /uL and platelet count 236,000 /uL.

* No retrievable data for 2 subjects, 1 with genotype 1, 1 with genotype 3.

> Biopsy results are number with cirrhosis / number of subjects who were biopsied (percentage
with cirrhosis in parentheses). Fewer subjects with genotypes 2 and 3 were biopsied.

® Radiologic evidence or complications as defined in methods. These subjects did not undergo
liver biopsy.

7 Time in the Liver Clinic before the start of therapy and time in the hospital systems after start
of therapy. Records of clinic appointments are available in an electronic health record starting in
1998. Records for both Parkland Health and Hospital System encounters and the University
Hospitals of UT Southwestern Medical Center are aggregated in a clinical data repository.
Abbreviations: ALT — alanine aminotransferase; AST — aspartate aminotransferase; BMI — body

mass index; HCV — hepatitis C virus; WBC — white blood cell count
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Table II: Factors Predicting Sustained Virologic Response (SVR) '

Univariate Analysis Multivariate Analysis
Variable

©CoOoO~NOUITA,WDNPE

OR 95% CI OR 95% CI

12 Demographics

14 Age <50 years 1.60 0.92-2.78

17 Male gender 0.76 0.44 -1.30

African American race 0.16 0.07-0.35 0.20 0.07 -0.54
22 Co-morbid conditions

25 BMI (< 30) 1.16 0.66 —2.02

o8 Diabetes 0.38 0.16 -0.91

30 Disease-related

33 Genotype 1 infection 0.18 0.10-0.34 0.25 0.13-0.50
36 Albumin < 3.5 g/dL 0.22 0.06 - 0.76

38 Presence of cirrhosis 0.23 0.12-0.47 0.26 0.12-0.58
41 WBC < 6,600/uL 0.82 0.48 —1.40

a4 Platelet Count > 150,000 /uL 2.87 1.40 -5.91

47 ' SVR with BMI < 30 = 52/143 (36%) compared with 30/94 (32%) for BMI > 30; SVR with age
49 <50 yrs = 61/149 (41%) compared with 22/93 (24%) for age > 50 years; SVR with platelet

52 count > 150,000 /uL. = 70/180 (39%) compared with 11/59 (19%) for platelet count < 150,000
54 /uL

Abbreviations: BMI — body mass index; WBC — white blood cell count
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Table III: Factors Predicting Mortality
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Univariate Analysis

Multivariate Analysis

Variable
HR 95% C.I. HR 95%
Demographics
Age <50 years 0.64 (0.35,1.18)
Male gender 0.67 (0.36, 1.22)
African American race 1.46 (0.80, 2.67)
Co-morbid conditions
BMI <30 0.84 (0.46, 1.54)
Co-morbid conditions (> 3) 1.10 (0.34, 3.57)
Psychiatric "(n=74) 0.51 (0.24, 1.09)
Hypertension (n = 68) 1.24 (0.66, 2.33)
Diabetes (n =40) 2.14 (1.12, 4.08)
Disease-related
Genotype 1 infection 1.47 (0.70, 3.09)
Cirrhosis 4.78 (2.55, 8.95) 3.42 (1.77,6.61)
Albumin < 3.5 g/dL 6.17 (3.30, 11.56) 3.11 (1.57, 6.18)
WBC < 6,600/uL 1.88 (1.00, 3.52)
Platelet Count > 150,000 /uLL 0.27 (0.15,0.49)
New referral 0.55 (0.30, 1.02)
Treatment-related
SVR 0.08 (0.02, 0.34) 0.11 (0.03,0.47)
! Depression or bipolar disorder
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Figure 1: Results of Patient Evaluation and Treatment

Total population
n =242

Genotype 1 Genotypes 2/3 Other genotypes
n =166 n =64 n=12
Y Y Y
SVR SVR SVR
39 (24%) 39 (61%) 5 (42%)
RNA negative RNA negative RNA negative
15 (9%) 9 (13%) 1 (8%)
Discontinued Discontinued Discontinued
34 (20%) 8 (13%) 1 (8%)
Non-responder Non-responder Non-responder
78 (47%) 8 (13%) 5 (42%)
Died = 34/166 Died = 9/64 Died =0
(20%) (14%)
SVR SVR
0/39 (0%) 2/39 (5%)
RNA negative RNA negative
1/15 (7%) 0/9 (%)
No SVR No SVR

33/112 (29%)

7/18 (39%)

months off treatment (n = 6).

RNA negative = HCV RNA negative at last measurement, on treatment (n = 19) or less than 6
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Article Summary:

Focus:

1. Chronic hepatitis C is common in urban populations with limited financial resources

2. Individual patient characteristics can limit success

Key messages:

2-1.Selection process identifies candidates with greater likelihood of better compliance

3.2.Survival benefit from successful treatment can be achieved with less expensive, older

therapies

Strengths and limitations:

1. Clear demonstration of long-term survival benefit in a high-risk population

 Effect " e byus o

3.2.Single institution retrospective study
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ABSTRACT

Objectives: To demonstrate the effectiveness-of-hepatitis Cviras-(HEV)-therapy-and-survival

benefit from sustained virologic remission (SVR) in a safety net hospital population with limited

resources_for hepatitis C virus (HCV) therapy.-

Design and setting: We conducted a retrospective eress-seetional-study at an urban safety-net
hospital in the U.S.

Participants and intervention: 242 patients receiving standard HCV therapy between 2001 and
2006.

Primary and secondary outcome measures: Response rates, including sustained-virologie
response{SVR), were recorded for each patient. Univariate and multivariate analyses were
performed to identify predictors of SVR and 5 year survival.

Results: A total of 242 eligible patients were treated. Treatment was completed in 197 (81%)
patients, with 43 patients discontinuing therapy early — 32 due to adverse events and 11 due to
non-compliance. Complications on treatment were frequent, including 3 deaths. SVR was
achieved in 83 patients (34%). On multivariate analysis, independent predictors of a decreased
likelihood of achieving SVR included African American race (OR 0.20, 95% CI 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). Survival was 98% in those achieving SVR (median follow-up 72
months) and 71% in non-responders and those discontinuing therapy (n = 91, median known
follow-up 65 and 36 months respectively). On multivariate analysis, the only independent
predictor of improved survival was SVR (HR 0.12, 95% CI 0.03 — 0.52). Both cirrhosis and

hypoalbuminemia were independent predictors of increased mortality.
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Conclusions:

these-achieving SVR-Treatment before histologic cirrhosis develops, in combination with
careful selection, may improve long-term outcomes without compromising other health care

endeavors in safety net hospitals and areas with financial limitations.
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INTRODUCTION

For many years, standard of care for patients with chronic HCV included treatment with
pegylated interferon and ribavirin (1) based on evidence from randomized controlled trials
(RCTs) (2-4). Conditions in RCTs are often very different than those of clinical practice. Given
this potential discrepancy between an intervention’s efficacy (the effect under carefully
controlled conditions) and effectiveness (the effect when implemented in real-world settings),
there is increasing emphasis on comparative effectiveness research to improve delivery of care
(5, 6). Accordingly, the NIH recently included the evaluation of real-world outcomes of

healthcare interventions in liver disease as a priority area for future research.

Prior studies evaluating the-effectivernessefHCV therapy have primarily included well-insured,
Caucasian patients followed in academic centers. However, the-effeetivenessof HCV therapy is
less well described among under-insured, urban, minority patients. Some have concluded that
current HCV therapy may be ineffective for these patients, warranting new strategies (7).
However, we hypothesized that improved HCV outcomes are possible among this difficult-to-

treat population with the aid of careful patient selection.

Screening for infection in the birth cohort with the highest prevalence of chronic HCV infection,
i.e. those born between 1945 and 1965, remains-was controversial. While the Centers for Disease
Control and Prevention have made a strong recommendation for this approach (8), the United
States Public Service Task Force (USPSTF) eurrenthyiwas initially less enthusiastic (Grade C)

(9). IneontrastHowever, USPSTF now supports screening in those at high risk (Grade B),
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previously considered optional and birth cohort screening (10). The primary aim of our study

was to report the shert-term-effeetiveness-and-long-term benefit of HCV therapy in an American
urban population with a high proportion of difficult-to-treat patients who were followed in a

safety net hospital.
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METHODS

Study Population

We conducted a erossseetional-study chart review of all patients initiated on HCV treatment
between November 2001 and October 2006. Eligible patients were seen in the faculty attending-
supervised Liver Clinic at Parkland Health and Hospital System (PHHS). Clinic patients were
evaluated initially by a member of the clinic nursing staff and followed by Gastroenterology
trainees and/or Internal Medicine residents, under the supervision of Hepatology faculty
members (n = 6). After patients had fulfilled a list of basic requirements (supplemental
fieureFigure 1), the final decision to initiate treatment for any individual patient was made by

the supervising attending physician based on his/her assessment of the patient’s candidacy.

After the treatment decision was made, demographics for all patients were entered into an
electronic file maintained by the clinic nursing staff. The electronic file was used for this
retrospective medical record review. The clinic nursing staff also saw all patients to provide
instructions on medications as well as on interim follow-up visits and offered telephone advice.
Patients were regularly seen in the Liver Clinic while on treatment and followed until SVR or
discontinuation, at which time they returned to primary care or remained in the Liver Clinic,
depending on the complications of liver disease experienced. Long-term follow-up was
accomplished using the Social Security Death Index (prior to the regulatory 10 year embargo on
information and removal of records from the State of Texas) and the combined electronic
medical records of Parkland Health and Hospital System and the University Hospitals of UT
Southwestern. This study was approved by the Institutional Review Board of the University of

Texas Southwestern Medical Center.
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Treatment Regimen

Based on consensus guidelines, patients were treated with weekly pegylated interferon alpha-2b
1.5 pg/kg and daily ribavirin 800-1200 mg. A combination of growth factors and dose reductions
were used for patients with hemoglobin < 10 g/dL, granulocyte count < 500/uL, or platelet
counts < 50,000/uL according to a standard protocol. The intended duration of therapy for
genotypes 1, 4 and 6 was 48 weeks, and the intended duration of therapy for genotypes 2 and 3
was 24 weeks. All patients were scheduled to be seen at regular intervals during treatment, as
deemed necessary based on treatment tolerance, and were followed for an additional 24 weeks

after completion of therapy to determine the presence or absence of SVR.

Data Collection

Patient demographics, clinical history, laboratory data and imaging results were obtained through
review of computerized and paper medical records. Demographics, date of HCV therapy
initiation, medication starting doses, medication dose reductions, use of growth factors, date of
treatment discontinuation, and response rates while on therapy were documented. Response rates
included early virologic response (EVR), end-of-treatment (EOT) response, and/or sustained
virologic response (SVR) rates. We also recorded complication rates, including any
hospitalizations and/or deaths. Laboratory data recorded included HCV genotype, baseline HCV
viral load, white blood cell (WBC) count, hemoglobin, platelet count, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), bilirubin, albumin, international
normalized ratio (INR), and alpha fetoprotein (AFP). Imaging and liver biopsy data were
reviewed to determine the presence or absence of cirrhosis. The presence of cirrhosis was based

on histology or imaging showing a cirrhotic appearing liver with associated signs of portal
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hypertension including splenomegaly, varices, or thrombocytopenia. Date of death for patients

was ascertained using the PHHS electronic medical record and Social Security Death Files.

Statistical Analysis

For continuous variables, we summarized the data by mean and standard deviation, and
compared groups using a two-sample Student t test. For categorical variables, we computed
percentages and compared groups using Fisher’s exact test. We used a multivariate logistic
regression model, with stepwise variable selection, to determine predictors for SVR. Statistical
significance was defined as a p-value < 0.05 on univariate and multivariate analyses. All

analyses were performed using SAS 9.2 (SAS Institute, Cary, NC).
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RESULTS

Eligibility for Therapy

The study subjects comprised all patients in the Liver Clinic meeting selection criteria and
undergoing anti-viral treatment for chronic HCV infection between November 2001 and October
2006. Every patient with chronic HCV being followed in the Liver Clinic or newly referred by a
primary care provider was considered for treatment once pegylated interferon was approved by
the Pharmacy and Therapeutics Committee in 2001. Between 2001 and 2006, 1,966 subjects
accounted for 2,370 new referrals; of these 126 received at least one dose of pegylated interferon
and ribavirin. The remaining subjects never became eligible or were deemed unsuitable. In an
electronic look-back over new patient referrals from a two-year period (2004 and 2005, n = 989),
366 referrals (37%) were for patients ineligible for clinic appointments at that time (see
algorithm, supplemental-figureFigure 1). Clinic appointments were offered to 597 individuals
(623 referrals) of whom 389 attended the clinic at least once (i.e. 35% did not keep the clinic
appointment). A total of 57 individuals were commenced on treatment (15% of those keeping at

least one appointment).

Common reasons for initial exclusion after electronic medical record review, that followed
referral from a primary care provider, included severe thrombocytopenia (defined as platelet
count < 50,000/uL), uncontrolled diabetes (defined as HbA1C > 9%), uncontrolled depression,
and positive urine toxicology screen (supplementalfigureFigure 1). Reasons for not initiating
patients on therapy after physician evaluation in the clinic included co-morbid conditions

(autoimmune disease, heart disease, lung disease and psychiatric disease), continued alcohol
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consumption, early stage histology, and/or socio-economic barriers that would prevent regular

follow-up during treatment.

Patient Characteristics

Demographic and clinical characteristics of the study population are shown in Table I and the
supplemental table. The study subjects included 166 (68%) patients with genotype 1 infection,
64 (27%) with genotype 2 or 3, and 12 (5%) patients with other genotypes. The median age of
the patients was 48 years (range 20-68 years), 72% were in the birth cohort 1045-1065 and 51%
(n=123) were male. The subjects were racially and ethnically diverse with 31% African
American, 14% Hispanic and 47% non-Hispanic white. Common co-morbid conditions included
depression or other psychiatric disease (74 patients, 31%), hypertension (68 patients, 28%) and
diabetes mellitus (40 patients, 17%). Co-morbid conditions potentially associated with decreased
response rates included morbid obesity (BMI > 40; 22 patients, 9%) and HIV (7 patients, 3%).
Cirrhosis was present histologically in 31%, 36 patients biopsied before treatment initiation and

another 40 patients by clinical criteria.

Newly referred patients (n = 126 subjects, with 164 separate referrals) were largely similar to
patients entering the clinic via other processes (supplemental table). The latter group included
patients seen in the clinic while meeting selection criteria, being followed awaiting formulary
approval and those referred after an inpatient hospitalization. The only significant differences
were the higher prevalence of diabetes (p = 0.003) and the higher viral load (p = 0.02) in the
newly referred subjects. The referral subject population had trends towards more African

Americans, higher BMI and fewer deaths in follow-up.
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Treatment Response

Therapy was completed in 197 (81%) patients, with 43 patients discontinuing treatment
prematurely (Figure 42). Therapy was discontinued for adverse events in 32 patients including 3
deaths and another 11 patients were non-compliant with follow-up appointments. There was a
trend toward higher treatment discontinuation rates for genotype 1 than genotype 2/3 patients but
this did not reach statistical significance (p = 0.16). Of the 7 patients with HIV (6 Caucasian and
genotype 1, 1 Hispanic and genotype 3), 4 discontinued therapy after side effects, none achieved

SVR.

Overall, SVR was achieved in 83 (34%) patients, including 39 (24%) of those with genotype 1
and 39 (61%) of those with genotype 2/3 infection (p < 0.001). There was no significant
difference in rates of SVR between subjects newly referred to the clinic (46/126, 37%) and
subjects in the clinic awaiting formulary approval or referred after an inpatient hospitalization
(36/116, 32%). Of note, 10 of 22 patients with morbid obesity (BMI range 41 — 50) were treated

successfully; 7 had genotype 1 infection, 2 of whom were African American women.

SVR was obtained in only 11% of African American patients, compared to 44% of non-Hispanic
whites (p <0.001) and 38% of Hispanic patients (p = 0.001). This difference in SVR rates was
primarily seen among those with genotype 1 infection. SVR was achieved in only 7% of African
Americans with genotype | infection, compared to 40% of non-Hispanic whites (p <0.001) and
24% Hispanics (p = 0.03). SVR rates did not significantly differ by race/ethnicity among patients
with genotype 2/3 infection. African Americans with genotype 2/3 infection had SVR in 60% of

cases, compared to 55% of non-Hispanic whites (p = 0.82) and 78% Hispanics (p = 0.48).
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Cirrhosis was associated with significantly lower rates of SVR, only 10 (13%) cirrhotic patients
achieved SVR. Among genotype 1 patients, SVR was achieved in 34 (31%) of 108 patients
without cirrhosis compared to only 5 (9%) of 57 patient with cirrhosis. Similarly, SVR rates
were significantly higher among non-cirrhotic genotype 2/3 patients than those with cirrhosis

(70% vs. 35%, p=0.01).

In small numbers of patients (n = 14), having 3 or more co-morbid conditions reduced the
likelihood of achieving SVR (3/14, 21%). Patients with diabetes were less likely to respond
favorably (7/40, 18% SVR) as were those with hypertension (15/68, 22% SVR). Psychiatric

disease (depression or schizophrenia) did not affect SVR rates (26/66, 39%).

Negative predictors of SVR on univariate analysis included HCV genotype 1 infection (p <
0.001), African American race (p < 0.001), presence of cirrhosis (p = 0.001), thrombocytopenia
(p = 0.005) and diabetes (p = 0.02). Neither Hispanic ethnicity nor anemia (Hb < 12 g/dL) was a
significant predictor of response. On multivariate analysis (Table II), independent predictors of
failure to achieve SVR included African American race (OR 0.20, 95% CI1 0.07 — 0.54),
genotype 1 HCV infection (OR 0.25, 95% CI 0.13 — 0.50) and the presence of cirrhosis (OR
0.26, 95% CI1 0.12 — 0.58). These three factors were highly predictive of failure to achieve SVR,

with a c-statistic of 0.77 (data not shown).

From long-term follow-up after commencement of treatment, we found that a total of 43 (18%)

patients died, including 34 (20%) with genotype 1 infection and 9 (14%) with genotype 2/3.
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Survival was significantly more likely among patients who achieved SVR than non-responders
(98% vs. 71%, p < 0.001) and those who discontinued therapy (98% vs. 71%, p < 0.001). Of the
patients with cirrhosis achieving SVR, 90% (9/10) were presumed or known to be alive at least 5
years later. In contrast, 28 of the 43 patients known to have died had cirrhosis at the time of
treatment (65%). Both diabetes and hypertension were associated with an increased risk of
dying. Complete follow-up and survival analysis are shown in Figure 2-3 and Table III. On
multivariate analysis, cirrhosis and hypoalbuminemia independently increased mortality whereas

SVR decreased mortality.

Adverse Effects

As summarized above, 43 (18%) patients discontinued treatment prior to completion including
32 patients for adverse events. Of the patients discontinued for adverse events, 26 required
hospitalization. The most common reasons for hospitalization included infection (n=13), severe
cytopenias (n=4), volume depletion (n=3), and chest pain (n=2). There were two patients whose
therapy was discontinued after they developed hepatocellular carcinoma. Three (1%) patients
died during therapy. One patient, whose course was complicated by depression and another,
whose course was complicated by infection (pneumonia and tooth abscess), died out of the
hospital from unknown causes. The third patient had gastrointestinal bleeding in the setting of
non-steroidal anti-inflammatory drug (NSAID) use and died after developing streptococcal

bacteremia and acute renal failure.
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DISCUSSION

While we found that there-is-agap-between-the-efficacy-of drugsin-elinical-trials-and-their
effeetiveness-in-elinteal practicein-that SVR was achieved in only one-third of treated patients,

the lower rates among African American patients and those with underlying cirrhosis explain
most of the difference. In addition, patients in safety net hospitals have multiple barriers to
therapy initiation, with only a small minority being treatment eligible by the selection criteria
used. In our cohort, less than 10% of patients referred for HCV were initiated on treatment.
Finally, HCV therapy has potentially severe adverse effects and careful patient selection is
crucial. Our study therefore highlights several concepts applicable to current-day HCV practice
despite the approval of telaprevir and boceprevir for patients with genotype 1 infection (11, 12).
In addition, our findings support early screening and detection of chronic HCV so that therapy

can be commenced before progression to cirrhosis.

HCYV infection is particularly common among patients followed in safety net hospitals where
resources are limited, making this an important population to study (13, 14). Patients followed in
safety net hospitals tend to be quite different than most clinical trial patients. Safety net hospitals
have higher proportions of racial/ethnic minority patients, as well as higher rates of comorbid
illnesses and socioeconomic barriers to care (15). Compared to a representative randomized
controlled trial of HCV treatment (2), our population was older, more obese, had a higher
proportion of African Americans and more advanced liver disease at presentation. In a prior
study from a safety net hospital in New York City, only 14% of genotype 1 patients achieved
SVR, with significantly lower rates among minority (7). Our ability to achieve higher SVR rates

than that reported by Feuerstadt and colleagues may be related to differences in treatment

Manuscript Page 16 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag palosloid 1senb Ag 20z ‘0T [Mdy uo /woo fwg uadolwg//:dny wouy papeojumoq "£T0Z Jequialdss Z uo TEZE00-£T0Z-Uadolwag/9eTT 0T Se paysiignd 1s1y :uado NG


http://bmjopen.bmj.com/

©CoO~NOUTA,WNPE

BMJ Open

eligibility. Although both protocols selected for suitable medical candidates, our protocol also
selected more compliant patients. Whereas nearly 26% of patients in the study by Feuerstadt and
colleagues were non-compliant with clinic visits, this led to therapy discontinuation in only 5%
of patients in our study (p < 0.001). The importance of adherence cannot be underestimated, with
both early and sustained virologic responses being dependent on this single factor (16).
Compliance will continue to be important in future therapy until regimens are simple and consist

of long half-life oral medications with minimal side-effects.

Our study has several limitations. It was performed in a single large safety-net hospital and may
not be generalizable to other practice settings. Not all patients underwent liver biopsy prior to
HCYV treatment so the presence or absence of cirrhosis was also determined by imaging, which
may not be as accurate. However, we believe that the limitations of this study are outweighed by
its notable strengths including the size of our cohort, the unique patient population and the length

of follow-up.

In conclusion, our study highlights several lessons that will be important to remember even when

using new protease inhibitor therapy. Adttheugh HCV-therapy-is-associated-with-high-efficaey

~Multiple

challenges, including socioeconomic barriers precluding compliance and comorbid illnesses,
make only a small minority of patients followed in safety net hospitals eligible for HCV therapy.
SVR occurs in only one-third of patients, with even lower rates among minority patients and
those with underlying cirrhosis. Both early detection and careful patient selection remains

crucial, given that severe adverse effects are seen in nearly 15% of patients. Data from beth
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shert-term-effeetiveness-and-long-term benefit studies, such as ours, as well as real-world

effectiveness should be taken into account more than efficacy data from clinical trials, when
weighing the risks and benefits of screening for chronic HCV and commencing HCV therapy

among patients followed in safety net hospitals in clinical practice (17).
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Table I: Study Population Characteristics '
All Patients Genotype 1 Genotypes 2/3
(n=242) (n=166) (n=64)
Age in years 48 (43 —54) 48 (43 —54) 49 (43 —54)
Male gender 123 (51%) 88 (53%) 28 (44%)
Race / Ethnicity
Caucasian 113 (47%) 68 (41%) 44 (68%)
African-American 76 (31%) 65 (39%) 5 (8%)
Hispanic 34 (14%) 25 (15%) 9 (14%)
BMI 28 (25 -35) 30 (25 -35) 27 (25-32)
<25 58 (24%) 35 (21%) 15 (25%)
25-30 85 (36%) 57 (35%) 25 (41%)
>30 94 (40%) 72 (44%) 21 (34%)
Diabetes 40 (17%) 32 (19%) 7 (11%)
AST (U/L) 57 (42 -91) 60 (42 —93) 56 (42 — 84)
ALT (U/L) 63 (48 — 103) 66 (47 —103) 62 (50— 100)
Albumin (g/dL) 4.3 (4.0-4.6) 4.3 (4.0-4.6) 44 (3.1-4.6)
WBC (x10°/uL) ? 6.5(5.2—7.8) 6.6 (5.2 —7.8) 6.4(52-17.7)

Hemoglobin (g/dL)
Platelet count (x103/ uL)
HCV virus (x10° IU/mL) *
Biopsy with cirrhosis
Clinical cirrhosis °

Time (months) ’
Before start
After start

Deaths

14.7 (13.7 - 15.9)
203 (148 — 250)

500 (272 — 950)

36/172 (21%) 29/129 (22%)
40 (17%) 29 (17%)
9(4-16) 9(5-21)

64 (24— 95) 61 (21 —92)
43 (18%) 34 (20%)

14.7 (14.0 - 15.9)
201 (140 — 252)

473 (274 — 850)

14.8 (13.5 - 16.0)

209 (154 — 249)

569 (252 — 1480)
6/30 (20%)

11 (17%)

8(4—11)
62 (34 — 98)
9 (14%)
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! Results are median (interquartile range in parentheses) or number (percentage in parentheses).
? Incomplete BMI data for 2 subjects with genotype 1 and 3 subjects with genotypes 2/3

3 No complete blood count data in retrievable records for 1 subject with genotype 2 prior to
therapy. On day 8, Hb 15.3 g/dL., WBC 6,700 /uL and platelet count 236,000 /uL.

* No retrievable data for 2 subjects, 1 with genotype 1, 1 with genotype 3.

> Biopsy results are number with cirrhosis / number of subjects who were biopsied (percentage
with cirrhosis in parentheses). Fewer subjects with genotypes 2 and 3 were biopsied.

® Radiologic evidence or complications as defined in methods. These subjects did not undergo
liver biopsy.

7 Time in the Liver Clinic before the start of therapy and time in the hospital systems after start
of therapy. Records of clinic appointments are available in an electronic health record starting in
1998. Records for both Parkland Health and Hospital System encounters and the University
Hospitals of UT Southwestern Medical Center are aggregated in a clinical data repository.
Abbreviations: ALT — alanine aminotransferase; AST — aspartate aminotransferase; BMI — body

mass index; HCV — hepatitis C virus; WBC — white blood cell count
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Table II: Factors Predicting Sustained Virologic Response (SVR) '
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Univariate Analysis

Multivariate Analysis

' SVR with BMI < 30 = 52/143 (36%) compared with 30/94 (32%) for BMI > 30; SVR with age
<50 yrs = 61/149 (41%) compared with 22/93 (24%) for age > 50 years; SVR with platelet

count > 150,000 /uL. = 70/180 (39%) compared with 11/59 (19%) for platelet count < 150,000

/uLL

Abbreviations: BMI — body mass index; WBC — white blood cell count
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Table III: Factors Predicting Mortality

BMJ Open

©CoOoO~NOUITA,WDNPE

Variable

Univariate Analysis

Multivariate Analysis

HR

95% C.I. HR

95%

Demographics

Age <50 years

Male gender

African American race
Co-morbid conditions
BMI <30

Co-morbid conditions (> 3)
Psychiatric "(n=74)
Hypertension (n = 68)
Diabetes (n =40)
Disease-related
Genotype 1 infection
Cirrhosis

Albumin < 3.5 g/dL
WBC < 6,600/uL

Platelet Count > 150,000 /uLL

New referral
Treatment-related

SVR

0.64
0.67
1.46

0.84
1.10
0.51
1.24
2.14

1.47
4.78
6.17
1.88
0.27
0.55

0.08

(0.35, 1.18)
(0.36, 1.22)
(0.80, 2.67)

(0.46, 1.54)
(0.34,3.57)
(0.24, 1.09)
(0.66, 2.33)
(1.12, 4.08)

(0.70, 3.09)
(2.55, 8.95) 3.42
(3.30, 11.56) 3.11
(1.00, 3.52)
(0.15, 0.49)
(0.30, 1.02)

(0.02, 0.34) 0.11

(1.77, 6.61)
(1.57, 6.18)

(0.03, 0.47)

! Depression or bipolar disorder
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Supplementalfigureligure 1: Screening Algorithm
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Figure 42: Results of Patient Evaluation and Treatment

Total population
n =242

Genotype 1 Genotypes 2/3 Other genotypes
n =166 n =64 n=12
Y Y Y
SVR SVR SVR
39 (24%) 39 (61%) 5 (42%)
RNA negative RNA negative RNA negative
15 (9%) 9 (13%) 1 (8%)
Discontinued Discontinued Discontinued
34 (20%) 8 (13%) 1 (8%)
Non-responder Non-responder Non-responder
78 (47%) 8 (13%) 5 (42%)
Died = 34/166 Died = 9/64 Died =0
(20%) (14%)
SVR SVR
0/39 (0%) 2/39 (5%)
RNA negative RNA negative
1/15 (7%) 0/9 (%)
No SVR No SVR

33/112 (29%)

7/18 (39%)

months off treatment (n = 6).

RNA negative = HCV RNA negative at last measurement, on treatment (n = 19) or less than 6
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Figure 23: Kaplan-Meier Survival Plot
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