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Background: Chronic hepatitis C remains a major global health burden with serious long-

term consequences if left untreated. Recently the treatment standard of care has shifted to new 

interferon (IFN)-free drug regimens, which have been shown to be safe and effective. The aim 

of our study was to assess and compare medical resource utilization and costs of successfully 

treating patients with IFN-based and IFN-free therapies in Australia.

Methods: We performed a retrospective chart review of 30 HCV-infected patients successfully 

treated with IFN-based therapy between 2013 and 2015. We also generated a model for a virtual 

group of 100 genotype 1 (GT1) and 100 genotype 3 (GT3) patients treated with IFN-free therapy 

derived from national guidelines and clinical trial data.

Results: In comparison to virtual patients receiving IFN-free therapy, our IFN-treated patients 

on average had distinctively more liver clinic visits and blood tests. However, mean total cost 

per patient was $19,164 and $85,300 (AUD) more for GT1 and GT3 patients receiving IFN-free 

therapy, respectively. This difference was largely accounted for by higher antiviral drug costs. Of 

our 30 patients treated with IFN, total mean cost per patient during the study period was $33,595.

Conclusion: Resource utilization is lower with IFN-free treatment, which reflects the reduced 

need for patient monitoring and improved side-effect profile of these new drugs. However, total 

costs are still largely dominated by antiviral drug costs, representing a huge burden on national 

budgets. Our insight into resource utilization and costs associated with both types of treatment 

can serve as a reference for future studies.

Keywords: antiviral treatment, chronic hepatitis C, comparison, costs, real-life setting, resource 

utilization

Introduction
Chronic hepatitis C (CHC) affects approximately 130–150 million people worldwide 

with an estimated 234,000 infected individuals in Australia.1,2 This represents a huge 

burden of disease of national and global significance. Transmission of disease is 

predominantly by unsafe injection practices and needle-stick injuries in health care 

settings.1 With long-term complications including the development of liver cirrho-

sis and hepatocellular carcinoma, CHC remains the most common cause for liver 

transplantations.3

The recent development of new direct-acting antivirals (DAAs) has revolutionized 

CHC treatment and made interferon (IFN)-free therapy a reality. With sustained viro-

logical response (SVR) rates surpassing 90% for most genotypes, shorter treatment 
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duration, and substantially improved side-effect profiles; cur-

rent guidelines recommend using these drugs if available.4–7 

Unfortunately, the substantial costs of these novel drugs mean 

that they are not universally accessible. Even in countries 

where IFN-free therapy is now subsidized, these high costs 

have a huge impact on national budgets.8 Fortunately, dif-

ferential pricing and voluntary licensing agreements have 

increased treatment accessibility in poorer areas.8 Nonethe-

less, widespread access to new therapy is unrealistic until 

drug prices become more affordable.

Many studies have evaluated the cost-effectiveness of 

different types of CHC therapy using computer-generated 

models.9–11 IFN-free regimens have been demonstrated to 

be cost-effective compared to IFN-based therapy in some 

cases.12 However, these studies use data from clinical trials 

and therefore are not necessarily representative of real-life 

care. In addition, the thresholds for cost-effectiveness vary 

for different countries, and therefore may not be generalizable 

to a global population.

Information on treatment-related costs and medical 

resource utilization (MRU) based on real-life data is scarce. 

Several cohort studies performed in Germany and North 

America have looked at costs and MRU associated with 

dual and triple IFN-based therapy in routine clinical care.13–16

The aim of the current study is to evaluate and compare 

the relative costs and MRU of successful IFN-free therapy 

and IFN-based therapy at an individual patient level. MRU 

and costs associated with successfully treating real-life 

patients with IFN-based therapy will be compared to the 

hypothetical MRU and costs of successful IFN-free therapy. 

Our data could then be used in future studies and comparisons 

of hepatitis C treatment.

Materials and methods
Study design overview
A retrospective review was performed to investigate MRU, 

associated costs, and adverse events (AEs) for 30 patients 

with CHC who were successfully treated with IFN-based 

therapy. These were compared to the predicted MRU and 

costs of the hypothetical patients on IFN-free treatment, 

modeled on national guidelines and clinical trial data.17–19

Patient population and sample selection
Clinical data for 30 consecutive CHC patients treated at 

Greenslopes Liver Clinic in Brisbane, Australia, were 

included in the study. Patients for inclusion were 18 years 

of age or older diagnosed with CHC and treated with IFN-

based therapy between 2013 and 2016. Patients must have 

completed a minimum of 20 weeks of therapy and achieved 

a SVR 24 weeks after treatment in order to be eligible. No 

other eligibility criteria were applied.

Ethics approval to conduct the study was obtained from 

the Greenslopes Research and Ethics Committee. All data 

were de-identified and stored in secure-password protected 

servers. De-identification occurred through removal of all 

patient identifiers during data collection.

Data collection
Information was collected from patient medical records. 

Approval was obtained from the Greenslopes Hospital 

Research and Ethics Committee. All data were de-identified 

through removal of patient identifiers during collection and 

stored in secure-password protected servers. Patient consent 

was waivered in accordance with the Australian National 

Health and Medical Research Council statement on ethical 

conduct in human research. Data collected included patient 

and treatment parameters, AEs, and MRU. AEs were evaluated 

as per documentation by the treating physician or reports of 

investigative tests. MRU was assessed in the period from the 

start of treatment (Day 0) to the day of final discharge from 

the liver clinic. The categories of MRU included the following:

•	 Investigative tests (e.g., blood tests, imaging)

•	 Liver clinic visits

•	 Outpatient procedures

•	 Emergency room (ER) visits

•	 Hospitalizations

•	 Referrals to other specialties

All costs represent costs to the government and were cal-

culated by multiplying the number of resource items (as 

determined through reviewing clinical records) with unit 

costs retrieved from national government reimbursement 

schemes. Treatment duration and associated costs were deter-

mined for each patient individually, and subsequently used 

to calculate mean values. Similarly, mean costs of resource 

items and mean total costs were determined using individual 

calculated costs for each patient. Prices for 2016 were used to 

better reflect current treatment-related costs. All costs were 

expressed in Australian dollars (AUD). Costs for prescribed 

medications were derived from the Pharmaceutical Benefits 

Scheme (PBS) and medical resource costs were derived from 

the Medicare Benefits Schedule.20,21

Comparison to IFN-free treatment
A model for the hypothetical journey of 100 genotype 1 

(GT1) and 100 genotype 3 (GT3) HCV-infected patients on 
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IFN-free therapy was developed in order to compare MRU 

and costs to our GT1 and GT3 patients treated with IFN-based 

therapy. A population size of 100 was chosen to facilitate 

data analysis. GT1 patients were treated with sofosbuvir 

and ledipasvir, and GT3 patients were treated with sofos-

buvir and daclatasvir. These treatment combinations were 

selected due to their listing on the PBS and national treatment 

guidelines.20,21 Clinic visits and investigations required for 

baseline monitoring were derived from the 2017 Australian 

consensus statement on hepatitis C management.17 AE rates 

were retrieved from the ION-1 and ALLY-3 phase 3 clinical 

trials for GT1 and GT3 patients, respectively.18,19 Additional 

resource utilization and costs were estimated for serious AEs 

using clinical guidelines. Common AEs (e.g., headache, 

nausea) were assumed to incur no additional costs. No dose 

reductions or treatment discontinuations were required in 

both IFN-free groups, based on clinical trial data.18,19 There-

fore, normal doses and treatment durations were applied to 

each patient, retrieved from the national guidelines.20,21

Data for our 17 GT1 patients and 10 GT3 patients who 

received IFN-based therapy were modified so that MRU 

and costs associated with non-treatment-related events were 

excluded. AEs experienced by our patients were compared 

to the known treatment-related AEs. Associated MRU and 

costs for investigating or treating the AE were removed from 

the data set if deemed unlikely to be treatment-related by all 

authors in consensus.

Results
Patient characteristics
Baseline characteristics and conditions of the 30 patients 

treated for chronic HCV are outlined in Table 1. The most 

common patient comorbidities were diabetes mellitus 

(16.7%), hypertension (13.3%), and chronic kidney disease 

(6.7%). Only one patient (3.3%) was co-infected with chronic 

HBV and no patients were co-infected with HIV. One-third 

of patients had a psychiatric history (e.g., depression). Five 

patients (16.7%) were listed as having cirrhosis by a medical 

practitioner in the clinical records. The majority of patients 

were treatment-naïve with 16.7% of patients having received 

prior HCV treatment. The most common genotypes observed 

were GT1 (56.7%) and GT3 (33.33%), with GT2 (3.3%) and 

GT6 (6.7%) being uncommon.

Treatment characteristics
Treatment characteristics for all patients and separately 

for GT1 and GT3 patients are summarized in Table 2. All 

subjects achieved a SVR at 24 weeks post-treatment as 

per our inclusion criteria. Most patients were treated with 

either peg-IFN/RBV alone (46.7%) or peg-IFN/RBV with 

telaprevir (36.7%).

Approximately one quarter of patients required a dose 

reduction of at least one drug, with the most common 

being ribavirin (23.3%). The most common indication was 

ribavirin-associated hemolytic anemia. Two (6.7%) patients 

required permanent treatment cessation due to serious AEs 

requiring hospital admission.

Medical resource utilization
MRU and estimated costs are outlined in Table 3. Blood 

tests were the most ordered resource item, with a mean 

of 16.53 blood tests per patient. Ultrasound was the most 

Table 1 Baseline characteristics and conditions

Age starting treatment (years), mean ± SD 46.7 ± 9.68
Male, n (%) 16 (53.3)
Smoker, n (%) 11(36.7)
BMI (kgm-2), mean ± SD 26.9 ± 5.4
History of IVDU, n (%) 17 (56.7)
Charlson comorbidity index, mean ± SD 1.9 ± 1.3
Selected comorbidities, n (%)

Diabetes mellitus
Diabetes mellitus with complications
Chronic kidney disease
Chronic hepatitis B
Connective tissue disease 
COPD
Hypertension

5 (16.7)
3 (10.0)
2 (6.7)
1 (3.3)
3 (10)
1 (3.3)
4 (13.3)

Psychiatric history (e.g., depression), n (%) 10 (33.3)
Previous CHC treatment (any history), n (%) 5 (16.7)
Previous liver biopsy, n (%) 3 (10)
Fibroscan score (kPA), mean ± SD

Fibro scan score ≥14 kPA, n (%)
8.5 ± 4.3
3 (10)

Cirrhosis, n (%) 5 (16.7)
Genotype, n (%)

1
1a 
1b
2
3
6

17 (56.7)
9 (30.0)
7 (23.3)
1 (3.3)
10 (33.3)
2 (6.7)

Race, n (%)
Caucasian
Asian
Other

20 (66.7)
8 (26.7)
2 (6.7)

Baseline 
Viral load, n (%)

<400 000 (IUmL−1)
>400 000 (IUmL−1)

AST (UL−1), mean ± SD
ALT (UL−1), mean ± SD

10 (33.3)
20 (66.7)
65.4 ± 50.9
98.6 ± 85.6

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; BMI, 
body mass index; CHC, chronic hepatitis C; COPD, chronic obstructive pulmonary 
disease; IVDU, intravenous drug use; SD, standard deviation.
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common imaging investigation (0.93 per patient). Most 

other resource items were uncommon and only performed 

for a single patient. Only three surgical procedures were 

performed during the study period. These included a rib 

sequestrum resection for osteomyelitis, glass extraction under 

general anesthetic, and laparoscopic cholecystectomy. Only 

osteomyelitis was thought to be possibly treatment related.

The mean number of liver clinic visits per patient was 

11.47. Seven patients had at least one ER presentation with 

a mean of 0.40 per patient. Reasons for ER visits are listed 

in the Supplementary material. Two patients required hos-

pital admission during treatment (mean of 0.13 per patient) 

for reasons stated previously. In all, 56.7% of patients had 

a minimum of one specialty referral, with a mean of 0.83 

specialty referrals per patient. Referral numbers were highest 

for psychiatry (20%). The most common reason for psychi-

atric referral was for the management of treatment-related 

mood disturbance. All other specialties had a maximum of 

only two patient referrals in total.

Costs
The mean cost of resource items per patient (excluding visits 

to the liver clinic, ER or hospital admissions) was $2,318.28 

(± $1,104.20). Blood tests represented the greatest compo-

nent of total costs ($1,811.28 per patient). Mean cost for 

each other resource items was markedly lower, falling below 

$100 per patient.

In regards to specialty referrals, calculated costs were 

only for the initial specialist consultation due to limited data 

on subsequent visits in the medical records. The mean cost 

for all specialty referrals was $130.20 per patient. Mean 

antiviral drug costs for all patients was $31,277 (± 19,581), 

with a range of $8,992–$69,265. Higher costs were associ-

ated with triple therapy and longer treatment durations. The 

overall mean cost per patient in the study period was $33,595 

(± $19,981), with a range of $10,110–$70,695.

Theoretical model for patient on IFN-
free treatment
Table 4 shows demographic and treatment characteristics for 

our theoretical and real-life GT1/3 patients on IFN-free and 

IFN-based therapy, respectively. Rates of cirrhosis in both 

groups were similar. The mean duration of treatment was 

around 20 weeks longer in the IFN group for both genotypes.

Comparison of AEs for both groups can be found in the 

Supplementary material. The most common AEs associated 

with both sofosbuvir/ledipasvir and sofosbuvir/daclatasvir 

were headache, fatigue, diarrhea, and nausea. Higher rates 

of the same AEs were observed in the IFN groups. Table 5 

compares MRU and costs between both groups.

GT1 patients
On an average, patients receiving IFN had 8.34 more liver 

clinic visits, 0.34 more ER presentations, and 0.07 more 

Table 2 Treatment characteristics

All patients (n=30) GT1 patients (n=17) GT3 patients (n=10)

Study perioda (days), mean ± SD 431.8 ± 108.9 433.2 ± 125.1 420.5 ± 91.8
Duration of treatment (days), average ± SD 236.6 ± 81.9 230.2 ± 81.1 233.8 ± 85.0
RVR, n (%) 23 (76.7) 16 (94.1) 6 (60)
Treatment received, n (%)

Telaprevir, Peg-IFN, RBV
Boceprevir, Peg-IFN, RBV
Simeprevir, Peg-IFN, RBV
Peg-IFN, RBV 

11 (36.7)
4 (13.3)
1 (3.3)
14 (46.7)

11 (64.7)
4 (23.5)
1 (5.9)
1 (5.9)

0 (0)
0 (0)
0 (0)
10 (100)

Patients requiring dose reductions, n (%)
RBV dose reduction, n (%)b

Peg-IFN dose reduction, n (%)

8 (26.7)
7 (23.3)
3 (10)

7 (41.2)
6 (35.3)
2 (11.8)

1 (10)
0 (0)
1 (10)

Patients requiring drug cessation (temporary), n (%)
Peg-IFN drug cessation (temporary), n (%)
Telaprevir drug cessation (temporary), n (%)
RBV drug cessation (temporary), n (%)

3 (10.0)
2 (6.7)
1 (3.3)
1 (3.3)

2 (11.8)
1 (5.9)
1 (5.9)
1 (5.9)

1 (10)
1 (10)
0 (0)
0 (0)

Patients requiring drug cessation (permanent), n (%)
Peg-IFN drug cessation (permanent)
RBV drug cessation (permanent)

2 (6.7)
2 (6.7)
2 (6.7)

1 (5.9)
1 (5.9)
1 (5.9)

1 (10)
1 (10)
1 (10)

Notes: aStudy period defined as from first day of treatment to clinic discharge. bRBV dose reduction was required for one GT6 patient.
Abbreviations: Peg-IFN, pegylated-interferon; RBV, ribavirin; RVR, rapid virological response rate (undetectable serum HCV RNA level at week 4 of treatment); SD, 
standard deviation.
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hospitalizations than patients on IFN-free therapy. For the 

IFN-free group, no hospital admissions were predicted and 

only one ER presentation was expected for chest pain.

Patients on IFN-based therapy had 13.82 blood tests, 

representing a mean cost difference of $1,470.94 per patient. 

Mean cost difference for other resource items was $145.66. 

Only one treatment specialty referral (cardiology) was pre-

dicted for the IFN-free group. Mean cost difference for an 

initial specialist consultation was $128.09.

Mean antiviral drug costs was $20,909.07 more per 

patient receiving IFN-free therapy. Overall, mean total 

cost per patient (excluding costs for liver clinic visits, ER 

presentations, and hospitalization) was $19,164.37 more 

in the IFN-free group. However, excluding antiviral drug 

costs, mean cost per patient was $1744.7 more for patients 

receiving IFN.

GT3 patients
Patients on IFN-based therapy for GT3 on an average attended 

the liver clinic 5.74 more times. Mean ER presentations and 

hospitalizations were 0.48 and 0.1 more, respectively, for this 

group. For patients receiving IFN-free therapy, no hospital 

Table 3 Medical resource utilization and costs 

Resource item Patients, n (%) Total, n Mean ± SD (per patient) Mean costs (AUD) ± SD (per patient)

Bloods testsa 30 (100) 496 16.53 ± 8.38 1811.28 ± 580.10
Ultrasound 12 (40) 28 0.93 ± 1.28 86.59 ± 124.55
Chest X-ray 7 (23) 7 0.20 ± 0.41 9.43 ± 20.28
CT scan 6 (20) 8 0.27 ± 0.58 79.34 ± 182.43
MRI 1 (3.3 1 0.03 ± 0.18 14.93 ± 81.79
Ultrasound-guided aspiration 1 (3.3) 1 0.03 ± 0.18 1.245 ± 6.82
Bone Scan 1 (3.3) 1 0.03 ± 0.18 20.02 ± 109.67
ECHO 1 (3.3) 1 0.03 ± 0.18 7.69 ± 42.11
ECG 4 (13.3) 4 0.13 ± 0.35 2.07 ± 5.38
Urinalysis 6 (20) 8 0.27 ± 0.64 5.48 ± 13.15
Feces exam 1 (3.3) 1 0.03 ± 0.18 1.12 ± 6.12
MRCP 1 (3.3) 1 0.03 ± 0.18 14.93 ± 81.79
Sputum MCS 1 (3.3) 1 0.03 ± 0.18 1.13 ± 6.16
Respiratory function test 1 (3.3) 1 0.03 ± 0.18 1.19 ± 6.51
Exercise stress test 1 (3.3) 1 0.03 ± 0.18 5.07 ± 27.79
Gastroscopy 1 (3.3) 1 0.03 ± 0.18 5.90 ± 32.33
Colonoscopy 1 (3.3) 1 0.03 ± 0.18 11.15 ± 61.04
Capsule endoscopy 1 (3.3) 1 0.03 ± 0.18 67.97 ± 372.3
Surgical procedure 2 (6.7) 3 0.10 ± 0.40 38.27 ± 147.70
Specialty referrals (all)

Rheumatology
Cardiology
Psychiatry
Haematology
Gastroenterology
Ophthalmology
Dermatology
Infectious disease
Thoracic medicine
Gynaecology
Endocrinology
Nephrology
Cardiothoracic surgery
General surgery
Colorectal surgery

17 (56.7)
2 (6.7)
2 (6.7)
6 (20)
1 (3.3)
2 (6.7)
1 (3.3)
2 (6.7)
1 (3.3)
1 (3.3)
2 (6.7)
1 (3.3)
1 (3.3)
1 (3.3)
1 (3.3)
1 (3.3)

25 
2
2
6
1
2
1
2
1
1
2
1
1
1
1
1

0.83 ±0.95
0.07 ±0.25
0.07 ±0.25
0.2 ±0.41
0.03 ±0.18
0.07 ±0.25
0.03 ±0.18
0.07 ±0.25
0.03 ±0.18
0.03 ±0.18
0.07 ±0.25
0.03 ±0.18
0.03 ±0.18
0.03 ±0.18
0.03 ±0.18
0.03 ±0.18

130.20 ±138.80
10.06 ±38.28
10.06 ±38.28
52.06 ± 105.90
5.03 ±27.55
10.06 ±38.28
2.85 ±15.62
5.70 ± 21.70
5.03 ±27.55
5.03 ±27.55
5.70 ± 21.70
5.03 ±27.55
5.03 ±27.55
2.85 ±15.62
2.85 ±15.62
2.85 ±15.62

Liver clinic visits 30 (100) 344 11.47 ±3.74 N/A
ER visits 7 (23.3) 12 0.40 ±0.86 N/A
Hospital admissions 2 (6.7) 4 0.13 ±0.51 N/A
Total $2,318.28±$1,104.20

Note: aBlood test costs per patient equal the sum of all individual item costs (e.g., full blood count, C-reactive protein).
Abbreviations: AUD, Australian dollars; CT, computed tomography; ECG, electrocardiogram; ECHO, echocardiogram; ER, emergency room; MCS, microscopy, culture 
and sensitivity; MRCP, magnetic resonance cholangiopancreatography; MRI, magnetic resonance imaging; N/A, not applicable; SD, standard deviation.
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admissions and two ER presentations were predicted (for 

food poisoning and vomiting).

Patients receiving IFN had 8.72 more bloods tests, rep-

resenting a mean cost difference of $1,069.44. Mean cost 

difference for other resource items was $147.74. No specialty 

referrals were predicted for the IFN-free group. Mean cost 

difference per patient for an initial specialist consultation 

was therefore $105.89.

Mean antiviral drug therapy cost was $86,616.24 more 

for patients treated with IFN-free therapy. Mean total cost 

per patient was $85,294.36 higher in the IFN-free group. 

However, excluding antiviral drug costs, mean cost per 

patient was $1321.88 higher for patients treated with IFN-

based therapy.

Discussion
The present study determined MRU and associated costs for 

successfully treating HCV-infected patients with IFN-based 

regimens in a real-world setting compared to IFN-free drug 

regimens based on current literature.

The mean total cost per patient treated with IFN-based 

therapy in the study period was approximately $33,595. The 

mean antiviral drug cost was $31,277, approximately 93% 

of total costs. Blood tests were the most common resource 

item and represented around 78% of non-drug costs. The 

contribution of other resource items was significantly less. 

On an average, each patient in our clinic sample visited the 

liver clinic nearly 12 times. Hospital admissions and ER 

visits were uncommon.

Table 4 Comparison of demographic and treatment characteristics

GT1 patients GT3 patients

IFN-based treatment 
(n=17)

IFN-free treatment  
(SOF + LDV)a (n=100)

IFN-based treatment 
(n=10)

IFN-free treatment 
(SOF + DCV)b (n=100)

Demographics
Genotype, %

1a
1b
Unconfirmed

53
41
6

67
31
2

N/A
N/A
N/A

N/A
N/A
N/A

Male, % 53 59 60 57
Mean BMI 28 27 26 27
Cirrhosis, % 24 16 10 19
Treatment
Treatment duration (weeks),  
mean ± SD

32.9 ± 11.6 12.0 ± 0 33.4 ±12.15 14.28 ± 4.7

Notes: aDerived from ION-I trial (Afdhal et al18). bDerived from ALLY-3 trial (Nelson et al19). 
Abbreviations: BMI, body mass index; DCV, daclatasvir; GT1, genotype 1; GT3, genotype 3; IFN, interferon; LDV, ledipasvir; N/A, not applicable; SD, standard deviation; 
SOF, sofosbuvir.

Table 5 Comparison of medical resource utilization and costs

GT1 patients GT3 patients

IFN-based treatment IFN-free treatment 
(SOF/LDV)

IFN-based treatment IFN-free treatment 
(SOF/DCV)

Resource itema

Liver clinic visits, mean ± SD 12.5 ± 4.61 4.16 ± 0.37 10.5 ± 2.46 4.76 ± 1.58
ER presentations, mean ± SD 0.35 ± 0.86 0.01 ± 0.1 0.50 ± 0.97 0.02 ± 0.14

Hospital admissions, mean ± SD 0.07 ± 0.26 0 ± 0 0.10 ± 0.32 0 ± 0
Blood tests, mean ± SD 18 ± 9.07 4.18 ± 0.46 13.5 ± 5.56 4.78 ± 1.62
Specialty referrals, mean ± SD 0.80 ± 0.77 0.01 ± 0.10 0.60 ± 0.97 0 ± 0
Costs (AUD)a

Blood tests, mean ± SD $1,946.97 ± 590.87 $476.03 ± 8.41 $1,555.69 ± 399.33 $486.25 ± 27.91
Other resources, mean ± SD $147.81 ± 245.25 $2.15 ± 21.49 $168.89 ± 413.35 $21.15 ± 43.88
Initial specialist visit, mean ± SD $129.60 ± 130.92 $1.51 ± 15.09 $105.89 ± 147.65 $0 ± 0
Antiviral drug costs, mean ± SD $45,432.00 ± 13622.76 $66,341.07 ± 0 $11,972.09 ± 4,698.47 $98,588.33 ± 33,353.83
Total costs, mean ± SD $47,656.39 ± 13,914.96 $66,820.76 ± 42.57 $13,802.06 ± 4,872.90 $99,096.42 ± 33,422.64

Note: aPer patient.
Abbreviations: AUD, Australian dollars; DCV, daclatasvir; ER, emergency room; GT1, genotype 1; GT3, genotype 3; IFN, interferon; LDV, ledipasvir; SD, standard 
deviation; SOF, sofosbuvir.
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For GT1 patients, we found that the total cost per patient 

was $19,164 less for patients treated with IFN-based therapy 

($47,656 per patient) compared to our theoretical patients 

receiving sofosbuvir/ledipasvir ($66,821 per patient). Total 

cost per patient was $85,294 less for GT3 patients receiving 

IFN-based therapy ($13,802 per patient) than those receiving 

sofosbuvir/daclatasvir ($99,096 per patient). These differences 

are due to the considerably higher drug costs of the IFN-free 

treatments. The difference is less striking for GT1 patients 

as first-generation DAAs (telaprevir and boceprevir) are still 

expensive. For both genotypes and treatment categories, blood 

tests constitute the majority of total resource costs. Exclud-

ing antiviral drug costs, total cost per patient was $1,745 and 

$1,322 greater for GT1 and GT3 patients treated with IFN, 

respectively. MRU was generally reduced in the IFN-free 

groups, with particularly fewer liver clinic visits and blood 

tests. However, the differences in hospitalizations and ER 

presentations were small. For both IFN-free groups, antiviral 

drug costs represented over 99% of total treatment costs. 

This percentage dropped to 95% and 87% for GT1 and GT3 

patients receiving IFN, respectively. Therefore, drug costs still 

constitute the majority of overall treatment costs with IFN-

based therapy. Even without removing non-treatment-related 

MRU and costs for our comparison, we predict a similar result.

There are several limitations to our study. Our SVR rate of 

100% does not reflect SVR rates in clinical trials, particularly 

for IFN-based treatment, which are approximately ~80% for 

non-cirrhotic GT3 patients and ~70–80% for GT1 patients 

receiving triple therapy.22–24 For IFN-free therapy, reported 

SVR rates (of our chosen regimens) are closer to 100%.18,19 In 

addition, there are no treatment discontinuations or modifica-

tions due to AEs in the ION-1 or ALLY-3 trials.18,19 Therefore, 

we believe that developing our model with 100% SVR and no 

treatment adjustments would not likely confound our results. 

Another limitation is that our study period was relatively 

short. Therefore, long-term benefits (e.g., reduced need for 

liver transplantation) due to superior SVR rates with IFN-free 

therapy are not accounted for. We emphasize that our aim was 

to compare the relative costs of success of antiviral therapy 

for two different treatment regimens at an individual level, 

rather than at a population level. Our data could subsequently 

be extrapolated in larger studies (with longer study periods) 

and used to model costs of treating entire patient cohorts in 

which there would be non-responders. 

We also acknowledge that despite our small sample size, 

our patients can still provide important insight into costs asso-

ciated with antiviral therapy at an individual patient level. In 

addition, rates of cirrhosis and body mass index were similar 

between our real and hypothetical groups. This is important 

for our comparison, as drug choice and treatment duration are 

predominantly determined by the presence of cirrhosis (and 

patient genotype) for both IFN-based and IFN-free therapy.

In this retrospective study, costs of ER care, inpatient 

hospital care, specialist visits (other than the initial con-

sultation), general practitioner visits, and medications to 

treat AEs were not included in the overall cost analysis for 

several reasons. Firstly, there was either insufficient or miss-

ing information in the clinical records regarding details of 

these, as care may have been provided at a different institu-

tion (e.g., inpatient hospital care, prescribed medications). 

In addition, the “Medicare Benefits Schedule”, from which 

resource costs were retrieved, did not demonstrate clear costs 

for a number of these items.21 The absence of this data is a 

limitation of the current study and it is likely that the cost 

difference between the treatments is slightly less than we 

have shown. Similarly, in our model of patients treated with 

IFN-free therapy, a major assumption was that real-life MRU 

and AE rates would closely follow national guidelines and 

clinical trial data. We also assumed that common AEs (e.g., 

headache) would not lead to any additional clinical care, 

which may underestimate resource costs. However, a recent 

study by Younossi et al assessing real-world outcomes with 

sofosbuvir/ledipasvir suggests that AE rates are similar in 

real-life practice when compared to clinical trial studies and 

are not associated with excess costs.25 Therefore, a major 

strength of our study is that our comparison is applicable 

to real-life care, giving insight into the differences in MRU 

and costs associated with successfully treating a patient with 

both types of treatment.

The distribution of genotypes of IFN-treated patients in 

our study was also similar to that cited in a recent global epi-

demiological study by Messina et al.26 For example 56.7% of 

our patients were GT1 compared to an estimated 54.23% of 

all HCV-infected Australian individuals. Therefore, our patient 

sample is likely to be representative of the national population.

No studies to date have compared MRU and costs for 

patients treated with IFN-based and IFN-free therapy using 

real-life data. Therefore, we are unable to compare our find-

ings to other literature. Conclusions from cost-effectiveness 

studies are difficult to apply globally due to the varying 

willingness-to-pay thresholds and resource item costs in dif-

ferent countries. In addition, most of these studies generate 

models based on solely clinical trial data and therefore may 

not reflect real-life care.

Regarding the results of our chart review, numerous stud-

ies in other countries have demonstrated similar findings, 
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with antiviral drugs accounting for the majority of treatment 

costs.13,15,27–29 However, they estimate that antiviral costs 

would amount to around 75–85% of total costs, which is 

lower than our calculation of 92%. There are several reasons 

for this discrepancy, the most obvious being the likely under-

estimation of MRU and costs in our study that we described 

previously. Other contributing factors could include differ-

ences in patient populations, study period durations, and 

resource item costs.

In summary, we found that IFN-free therapy was asso-

ciated with reduced MRU and resource costs. However, 

treatment drug costs are still the dominating factor. We 

acknowledge that other factors such as quality of life were not 

assessed, but remain important considerations. For example, 

reduced AEs, blood tests, and liver clinic visits could result 

in higher patient satisfaction with IFN-free therapy. MRU 

and costs would also vary with characteristics of the indi-

vidual patient. For example, older patients with multiple 

comorbidities would require closer monitoring and usually 

more frequent laboratory testing. As our study focused more 

on treatment-related costs, future models should take these 

factors into account. We also recognize that this is not a 

cost-effectiveness study. However, we have provided one of 

the first comparisons of expected real-life MRU and costs 

of treating patients with the previous and current treatment 

standard of care. As cost analyses are specific to individual 

health care systems, they could be performed in other coun-

tries using our study design.

The minimal need for monitoring and low MRU associ-

ated with IFN-free therapy could have implications for future 

clinical practice. For example, primary delivery of care could 

shift from a specialist to generalist setting, which is poten-

tially more economical.30 Nonetheless, the high costs of these 

new antiviral drugs clearly represent a huge financial burden 

on government budgets and therefore also a large barrier to 

worldwide access to treatment. Pharmaceutical companies 

are addressing this issue through differential pricing. Future 

analysis of real-life data of patients treated with IFN-free 

therapy would lead to a more robust comparison between both 

groups and therefore stronger conclusions regarding differ-

ences in MRU and costs. Future larger studies will be able 

to utilize and model our data for determining or comparing 

costs of treating patient cohorts. This is ultimately important 

to health policy makers, particularly in developing countries, 

for more efficient allocation of scare government resources. 

Real-life data on IFN-free treatment will become available 

overtime as these new antivirals remain longer in the market 

and become more accessible worldwide.
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Supplementary Materials

Table S1 Adverse events for patients receiving IFN-based therapy (n=30)

Adverse events (per patient), mean ± SD
14.4±3.76

Adverse events requiring medical treatment (per patient), mean ± SD
2.2±2.16

Common adverse event Patients, n (%) Requiring medical  
treatment, n (%)a

Fatigue 24 (80) 0
Rash 22 (73.3) 13 (59.1)
Mood change

Depression
Irritability

22 (73.3)
9 (30)
16 (53.3)

3 (13.6)
2 (22.2)
1 (6.25)

Pruritus 18 (60) 0
Upper respiratory tract symptoms 16 (53.3) 4 (25)
Weight loss 15 (50) 0
Headache 14 (46.7) 0
Sleep disturbance 12 (40) 5 (41.7)
Flu-like symptoms (non-specific) 12 (40) 0
Myalgia 11 (36.7) 0
Severe hematological adverse event
Hemoglobin

Hb 80–99 (gL−1)
Hb <80 (gL−1)

9 (30)
1 (3.3)

1 (11.1)
0

 Neutrophils
0.5–0.99 (×109 L−1)
<0.5 (×109 L−1)

17 (56.6)
3 (10)

0
0

Platelets
50–99 (×109 L−1)
<50 (×109 L−1)

12 (40)
 2 (6.7)

0
 1 (50)

Serious adverse events (requiring hospital admission)
Immune thrombocytopenic purpura 
Osteomyelitis

2 (6.7)
1 (3.3)
1 (3.3)

2 (100)
1 (100)
1 (100)

Note: aPercentage of total number of patients who experienced the adverse event.
Abbreviations: Hb, hemoglobin; IFN, interferon.

Table S2 Emergency department presentations for patients treated with IFN-based therapy (n=30)

Reason for presentation  Number of presentations, n

Cough + fever 1
Bleedinga 1
Urinary frequency 1
Anxiety 1
Musculoskeletal chest painb 3
Flu-like symptoms 1
Dizziness 1
Dysuria 1
Nausea/vomiting 1

Notes: aEpistaxis and mucosal bleeding, secondary to severe thrombocytopenia. bRelated to chronic rib osteomyelitis.
Abbreviation: IFN, interferon.
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Table S3 Adverse events for GT1 patients

Common adverse events Patients receiving IFN-based  
therapy (n=17)
N (%)

Theoretical patients receiving 
SOF/LDV (n=100)a

N (%)

Fatigueb 14 (82) 28 (28) 
Headache 11 (65) 25 (25)
Insomnia 10 (59) 8 (8)
Nausea 7 (41) 11 (11)
Diarrhea 5 (29) 11 (11)
Rash 9 (53) 7 (7)
Irritability 8 (47) 5 (5)
Cough 9 (53) 3 (3)
Pruritus 8 (73) 5(5)
Hematological adverse events
Hb 

<100 (gL−1)
<85 (gL−1)

9 (53)
3 (18)

0 (0)
0(0)

Lymphocytes 
<0.35 (×109 L−1) 0 (0) 0(0)

Neutrophil <0.75 (×109 L−1) 7 (41) 1 (1)

Platelet count <50 (×109 L−1) 2 (12) 1 (1)

Notes: aDerived from ION-1 trial (Afdhal et al1). bTo facilitate comparison, cases of “asthenia” were included under fatigue.
Abbreviations: GT1, genotype 1; Hb, hemoglobin; IFN, interferon; LDV, ledipasvir; SOF, sofosbuvir.

Table S4 Adverse events for GT3 patients

Common adverse events Patients receiving IFN-based  
therapy (n=10) N (%)

Theoretical patients receiving  
SOF/DCV (n=100)a N (%)

Headache 3 (30) 20 (20)
Fatigue 7 (70) 19 (19)
Nausea 4 (40) 12 (12)
Diarrhea 2 (20) 9 (9)
Insomnia 3 (30) 6 (6)
Abdominal pain 3 (30) 5 (5)
Arthralgia 5 (50) 5 (5)
Hematological adverse events
Hb 

<90 (gL−1) 0 (0) 0 (0)
Lymphocytes 
<0.5 (×109 L−1) 1 (10) 1 (1)
Neutrophil <0.75 (×109 L−1) 6 (60) 0 (0)

Platelet count <50 (×109 L−1) 0 (0) 1 (1)

Note: aDerived from ALLY-3 trial (Nelson et al2)
Abbreviations: DCV, daclatasvir; GT3, genotype 3; Hb, hemoglobin; IFN, interferon; SOF, sofosbuvir.
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Table S5 Comparison of medical resource utilization and costs for GT1 patients

Resource item Patients receiving IFN-based therapy (n=17) Theoretical patients receiving SOF/LDV (n=100)

Mean number per 
patient ± SD

Mean cost per  
patient ± SD

Mean number per 
patient ± SD

Mean cost per  
patient ± SD

Blood tests 18 ± 9.1 $1943.63 ± 586.47 4.16 ± 0.37 $590.21 ±1 68.75
Ultrasound 0.06 ± 0.24 $6.55 ± 26.99 0 ± 0 $0 ± 0
CXR¶ 0.24 ± 0.44 $11.09 ± 20.62 0.01 ± 0.1 $0.57 ± 4.72
ECHO 0.06 ± 0.24 $13.57 ± 55.94 0 ± 0 $0 ± 0
CT scan 0.24 ± 0.56 $68.83 ± 163.93 0 ± 0 $0 ± 0
ECG¶ 0.18 ± 0.39 $2.74 ± 6.11 0.01 ± 0.1 $0.16 ± 1.56
Urinalysis 0.12 ± 0.33 $2.42 ± 6.82 0 ± 0 $0 ± 0
BMAT 0.06 ± 0.24 $5.19 ± 21.40 0 ± 0 $0 ± 0
MRCP 0.06 ± 0.24 $26.35 ± 103.66 0 ± 0 $0 ± 0
Stress ECG¶ 0 ± 0 $0 ± 0 0.01 ± 0.1 $1.52 ± 15.22
Specialist Referral

Psychiatry
Dermatology
Rheumatology
Gastroenterology
Cardiology¶

Hematology
Endocrinology

0.80 ± 0.77
0.24 ± 0.44
0.12 ± 0.33
0.06 ± 0.24
0.06 ± 0.24
0.06 ± 0.24
0.06 ± 0.24
0.06 ± 0.24

$120.73 ± 134.46
$61.25 ± 113.81
$10.06 ± 28.41
$8.88 ± 36.60
$8.88 ± 36.60
$8.88 ± 36.60
$8.88 ± 36.60
$8.88 ± 36.60

0.01 ± 0.1
0 ± 0
0 ± 0
0 ± 0
0 ± 0
0.01 ± 0.1
0 ± 0
0 ± 0

$1.51 ± 15.09
$0 ± 0
$0 ± 0
$0 ± 0
$0 ± 0
$1.51 ± 15.09
$0 ± 0
$0 ± 0

Liver clinic visits 12.5 ± 4.61 N/A 4.16 ± 0.37 N/A
ER presentations 0.35 ± 0.86 N/A 0.01 ± 0.1 N/A
Hospital admissions 0.07 ± 0.26 N/A 0 ± 0 N/A

Note: The single serious adverse event (chest pain) for theoretical patients receiving SOF/LDV was predicted to result in an ECG, CXR, stress ECG, and a cardiology referral.
Abbreviations: BMAT, bone marrow aspirate and trephine; CT, computed tomography; CXR, chest x-ray; ECG, electrocardiogram; ECHO, echocardiogram; ER, emergency 
room; GT1, genotype 1; IFN, interferon; LDV, ledipasvir; MRCP, magnetic resonance cholangiopancreatography; N/A, not applicable; SD, standard deviation; SOF, sofosbuvir.

Table S6 Comparison of medical resource utilization and costs for GT3 patients

Resource item Patients receiving IFN-based therapy (n=10) Theoretical patients receiving SOF/DCV (n=100)

Mean number per 
patient ± SD

Mean cost per  
patient ± SD

Mean number  
per patient ± SD

Mean cost per  
patient ± SD

Blood tests 13.5 ± 5.56 $1555.69 ± 399.33 4.16 ± 0.37 $486.25 ± 27.95
Ultrasound 0.10 ± 0.32 $3.75 ± 11.84 0 ± 0 $0 ± 0
CXR¶ 0.30 ± 0.48 $15.72 ± 23.58 0 ± 0 $0 ± 0
CT scan 0.10 ± 0.32 $29.50 ± 93.29 0 ± 0 $0 ± 0
ECG¶ 0.10 ± 0.32 $1.56 ± 4.92 0 ± 0 $0 ± 0
Urinalysis 0.10 ± 0.32 $2.06 ± 6.50 0 ± 0 $0 ± 0
Bone scan 0.10 ± 0.32 $66.74 ± 200.23 0 ± 0 $0 ± 0
Sputum MCS 0.10 ± 0.32 $3.38 ± 10.67 0 ± 0 $0 ± 0
RFTs 0.10 ± 0.32 $3.57 ± 11.27 0 ± 0 $0 ± 0
Rib resection 0.10 ± 0.32 $35.67 ± 112.78 0 ± 0 $0 ± 0
Stress ECG¶ 0.10 ± 0.32 $15.22 ± 48.11 0 ± 0 $0 ± 0
Specialist Referral

Psychiatry
Cardiology
Cardiothoracic surgery
Thoracic medicine
Infectious diseases

0.60 ± 0.97
0.20 ± 0.42
0.10 ± 0.32
0.10 ± 0.32
0.10 ±0.32
0.10 ± 0.32

$105.89 ± 147.65
$52.06 ± 109.75
$15.09 ± 47.72
$8.56 ± 27.05
$15.09 ± 47.72
$15.09 ± 47.72

0 ± 0
0 ± 0
0 ± 0
0 ± 0
0 ± 0
0 ± 0

$0 ± 0
$0 ± 0
$0 ± 0
$0 ± 0
$0 ± 0
$0 ± 0

Liver clinic visits 10.5 ± 2.46 N/A 4.76 ± 1.58 N/A
ER presentations 0.50 ± 0.97 N/A 0.02 ± 0.14 N/A
Hospital admissions 0.10 ± 0.32 N/A 0 ± 0 N/A

Abbreviations: CT, computed tomography; CXR, chest x-ray; DCV, daclatasvir; ECG, electrocardiogram; ER, emergency room; GT3, genotype 3; IFN, interferon; MCS, 
microscopy, culture and sensitivities; N/A, not applicable; RFTs, respiratory function tests; SD, standard deviation; SOF, sofosbuvir.
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