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ABSTRACT

Introduction: German data regarding the eco-
nomic burden of chronic hepatitis C (CHC) and
potential benefits of CHC treatment are limited.
To address this issue, we evaluated the role of
treatment in mitigating the economic burden of
hepatic and extrahepatic complications (EHCs)
from CHC virus infection in Germany.
Methods: This retrospective, cross-sectional
study used claims data from the Betrieb-
skrankenkasse German sickness fund
(2007–2014) to assess the medical costs of hep-
atic complications and EHCs, including

conditions that are prevalent and behavioral
factors associated with CHC. All-cause costs,
medical costs related to hepatic and EHCs, and
CHC-related and non-CHC-related pharmacy
costs (adjusted to the 2016 euro rate) were cal-
culated and compared between CHC patients’
treated (n = 1714) and untreated time
(n = 7124) and CHC patients that initiated
treatment early (i.e., without cirrhosis;
n = 1552) vs. late (i.e., with cirrhosis; n = 162).
Results: CHC treatment was associated with an
average adjusted savings of €1885 in annual all-
cause medical costs per patient, with a signifi-
cant proportion attributed to EHC-related cost
savings (adjusted difference, €1363; P\0.01).
Although initiating CHC treatment early was
economically beneficial compared with initiat-
ing treatment late, the total cost savings were
not significantly different (annual average
adjusted difference, €3831; P = 0.27). However,
nearly 60% of these savings were EHC related
(adjusted difference, €2255; P\ 0.01).
Conclusion: CHC is associated with a signifi-
cant economic burden in Germany, largely due
to EHCs. Antiviral treatment may reduce the
burden of CHC and result in significant cost
savings, even when initiated at earlier stages of
liver disease.
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INTRODUCTION

Hepatitis C virus (HCV) infection is a major
health burden in Europe, reportedly affecting
14 million people in the WHO European region
[1] and 2.6 million individuals in Western Eur-
ope [2]. While there is a paucity of data esti-
mating the prevalence of HCV infection in
Germany specifically, a 2013 study reported the
overall prevalence of antibodies against HCV in
the German population to be 0.3%, similar to
the prevalence estimated 10 years prior (0.4%)
[3]. Furthermore, the estimated diagnosis rate
among those living with HCV is 57% [4].

Acute HCV infection is typically asymp-
tomatic and often remains undiagnosed, with
up to 85% of acutely infected individuals
developing chronic hepatitis C (CHC) virus
infection [5]. HCV infection presents with
hepatic complications such as cirrhosis, hepa-
tocellular carcinoma, and liver failure [6], apart
from extrahepatic complications (EHCs) [7],
which affect other organ systems, causing pro-
gressive illness and possible death [8]. These
include common and well-studied EHCs, such
as mixed cryoglobulinemia, depression, and
type 2 diabetes mellitus (T2DM) [7], apart from
others such as cryoglobulinemic vasculitis, B
cell non-Hodgkin lymphoma, arthralgia,
immune thrombocytopenia, renal impairment,
fatigue, cognitive impairment, cancer, and car-
diovascular disorders [9].

Beyond the direct burden of HCV, other
diseases, such as Parkinson’s disease [10],
behavioral and mental disorders due to psy-
choactive substance use [11], cardiovascular
disorders [12], and non-hepatic malignancies
[13], also impact the overall burden associated
with CHC. A recent systematic review has
shown that HCV-infected patients have
approximately 35% higher risk of Parkinson’s
disease compared with patients without HCV
[10], while substance abuse contributes to viral
exposure due to usage of contaminated needles
[11].

Complications resulting from HCV infection
are associated with substantial healthcare costs
[14]. Economic modeling showed that the cost of
extrahepatic manifestations (EHM) in Germany

was €1247 per patient per year (PPPY), amounting
to a total annual cost of €301.9 million [15].
Moreover, treatment costs increase incrementally
according to disease stage, with patients requiring
liver transplants spending more than patients
with mild disease [14]. To quickly reduce HCV
progression, global treatment guidelines encour-
age the use of newer, all-oral, direct-acting
antiviral (DAA) regimens for HCV treatment
rather than interferon-based regimens because of
the former’s higher sustained virologic response
(SVR) at[90%, shorter treatment duration, and
better tolerability [5]. Based on model estimates,
DAA regimens could provide substantial short-
and long-term benefits to patients and reduce the
overall economic burden of HCV on the health-
care system. However, there is limited evidence
from actual clinical practice on the extent to
which these benefits compare with the up-front
costs of treatment [16, 17]. A recent Japanese
study reported that utilizing DAAs avoided
approximately €8968 in per-patient complication
costs [18]. In India, too, DAA usage was tied to
cost-savings for both non-cirrhotic (€446) and
cirrhotic (€1205) patients [19]. Moreover, after
taking the SVR rate and treatment duration into
consideration, the cost per SVR for DAAs was
found to be cheaper than that of interferon-based
regimens [20].

HCV treatment has been shown to reduce
both clinical [21] and economic [22] EHM-re-
lated burden. A post-hoc analysis of phase 3
clinical trials revealed that DAA treatment
improved multiple EHM biomarkers such as
triglycerides (cardiovascular EHM biomarker),
serum glucose (metabolic EHM biomarker), and
the estimated glomerular filtration rate (renal
EHM biomarker). Moreover, these effects lasted
for at least a year post-treatment completion
[21]. Economic analysis of a large US claims
database showed that HCV treatment reduced
EHM-related costs by $12,773 (or approximately
€10,295). Additionally, starting treatment at an
early disease stage reduced EHM-related costs by
$10,409 (or approximately €8389) [22].

The economic burden of CHC-related EHCs is
not yet fully understood, given that most studies
report on a limited number of EHCs [23]. More-
over, the economic impact of CHC-related EHCs
in Germany has not been estimated in the
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literature. Therefore, the aim of this study was to
utilize a comprehensive national database from
the German Betriebskrankenkasse (BKK) sickness
fund to assess the role of treatment in mitigating
the economic burden of CHC, both hepatic and
extrahepatic, especially at early (i.e., non-cir-
rhotic) stages of liver disease.

METHODS

Data Sources

The BKK sickness fund was originally meant for
employees of a certain organization; however,
since the 1990s, mergers between multiple
funds and open enrollment for individuals have
broadened the original conception of the BKK
[24]. As of 2012, reimbursement data from the
BKK sickness fund cover 5.2 million persons and
include patients’ medical (i.e., in- and outpa-
tient claims), prescription drug, and insurance
eligibility information. Data from 2007 through
2014 were utilized for HCV-diagnosed patients.
The BKK was informed about the project, and
all the required approvals were obtained.
Patient data were fully anonymized according
to the accepted standard procedures.

Study Definitions

Prevalent patients with CHC were identified using
the International Classification of Diseases, 10th
Edition German Modification (ICD-10-GM) code
B18.2 in outpatient and/or inpatient care data in
any of the quarters in the identification period
(Q1/2008 through Q1/2014). Only patients with a
diagnosis of CHC preceded and followed by at
least four quarters of full insurance were consid-
ered for inclusion. For inpatient data, primary
CHC discharge diagnoses as well as secondary
diagnoses were checked. For outpatient data, only
assured diagnoses (marked by ‘‘G’’ or ‘‘Z’’) were
considered and also required evidence of a second
diagnosis code within three quarters pre- or post-
identification.1

Extrahepatic Complications (EHCs)

EHCs included EHMs, which have a docu-
mented clinical pathway in CHC, as well as
other conditions and behavioral factors that,
although no clinical pathway has been estab-
lished, are prevalent among the patient popu-
lation. EHMs investigated in this study included
the broader disease categories of T2DM, car-
diovascular disease (CVD), fatigue, renal
impairment, and malignancies. Other prevalent
diseases observed in the patient population
were mental and behavioral disorders (due to
opioids, multiple drug use, and other psy-
choactive substances), Parkinson’s disease, and
some cardiovascular, renal, and other diseases
not documented as EHMs. EHMs, behavioral
factors, and other prevalent conditions in the
population are jointly called EHCs in this study.
The complete list of diseases within each
grouping and their disease category, as well as
their associated ICD-10-GM codes, is presented
in Table 1.

Economic Burden Analyses

Medical Cost Definitions
Annualized total costs were assessed from the
index quarter until the end of patient follow-up,
which corresponded to the end of continuous
insurance time, based on whether the patient
died or switched to another health insurance, or
the end of data availability on 31 December
2014. Therefore, while follow-up time may have
differed in length across patients, annualizing
the costs served to make patients’ follow-up
time comparable. To quantify (1) the benefits of
treatment in reducing economic burden and (2)
the benefits of early treatment, annual costs
were compared between (1) time post CHC
treatment and time without CHC treatment for
patients with CHC and (2) CHC patients that
initiated treatment ‘early’ (i.e., without cirrho-
sis) vs. ‘late’ (i.e., with cirrhosis).

The sum of all-cause medical and pharmacy
costs is referred to as total cost. All-cause med-
ical costs were further broken down into medi-
cal costs related to hepatic and extrahepatic
complications. Pharmacy costs were split into

1 G (abbreviation for ‘‘gesicherte Diagnose’’) = assured
diagnosis; Z (‘‘Zustand nach’’) = condition after.
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Table 1 ICD-10-GM codes for extrahepatic complications

Condition category ICD-10-
GM

Label

Extrahepatic manifestations

Type 2 diabetes E11.* Diabetes mellitus, type 2 [9]

E14.* Diabetes mellitus, not further specified [30]

Cardiovascular disease I20.*–I25.* Ischemic heart diseases [9]

I60.*–I69.* Cerebrovascular diseases [9]

I70.* Atherosclerosis [9]

Fatigue F32.* Episode of depression [9]

G93.3 Chronic fatigue syndrome [31]

R53 Indisposition and fatigue [9]

F43.0 Fatigue in the context of an acute stress reaction, e.g.,

combat fatigue

F48.0 Neurasthenia

Z73.0 Burnout (state of total exhaustion)

Renal impairment N18.* Chronic kidney disease [15]

N19.* Renal failure, not further specified [9]

D89.1 Cryoglobulinemia [30, 32]

Malignancies C85.* Other and not further specified types of Non-

Hodgkin-lymphoma [22]

Behavioral factors

Mental and behavioral disorders (due to opiods or

multiple and other psychoactive substances)

F11.* Mental and behavioral disorders due to use of opioids

F19.* Mental and behavioral disorders due to multiple drug

use and use of other psychoactive substances

Conditions that are prevalent in the population

Cardiovascular disease I10.*–I15.* Hypertension

E78.* Disorders of lipoprotein metabolism and other

lipidemias

Parkinson’s disease F02.3 Dementia with primary Parkinson’s syndrome

G20.* Primary Parkinson’s syndrome

G21.* Secondary Parkinson’s syndrome

G22.* Parkinson’s syndrome with elsewhere classified diseases

G23.2 Multiple system atrophy of Parkinson type

Renal impairment N17.* Acute renal failure
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CHC-related and non-CHC-related costs. CHC-
related costs were defined as those associated
with esophageal varices, spontaneous bacterial
peritonitis, cirrhosis of the liver, hepatic
encephalopathy (liver failure), portal hyperten-
sion, ascites, splenomegaly, hepatorenal syn-
drome, hepatocellular carcinoma, porphyria
cutanea tarda, and liver transplantation. Costs
attributable to CHC-related EHCs were identi-
fied using relevant German Uniform Assess-
ment Standard (EBM) codes, Diagnosis Related
Groups (DRG) codes, and Operation and Pro-
cedure (OPS) codes. EBM codes are relevant in
the setting of medical practitioners, while DRG
and OPS codes are relevant in the setting of
hospitals (in- and outpatient care). In addition,
claims from sickness benefits (medical leave
benefits received by employees after 6 weeks of
inability to work), which were based on relevant
ICD-10-GM codes, were included in the EHC
costs. Likewise, medical costs related to hepatic
complications were identified by searching for
relevant EBM, DRG, OPS, and ICD-10-GM codes
associated with hepatic complications. Claims
associated with both CHC-associated EHCs and
hepatic complications were attributed to both
categories. Total all-cause medical costs contain

costs for practitioner, hospital in- and outpa-
tient care, as well as sickness benefits. In addi-
tion to EHC-related or hepatic complication-
related medical costs, all other costs that occur
because of any disease were included in total all-
cause medical costs. CHC-related pharmacy
costs were identified for 12 CHC drugs, while all
other pharmacy costs were summarized as non-
CHC-related pharmacy costs (Table 2). Costs
were calculated as average annualized charged
amounts and adjusted to reflect average 2016
euro exchange rates.

Economic Impact of CHC Treatment
Treatment was identified by using relevant
German Anatomical Therapeutic Chemical
(ATC) classification and OPS codes (Table 2).
Medical costs between treated and untreated
time of patients newly diagnosed with CHC
were compared using data from Q1/2008 to Q4/
2014. The random quarter of CHC diagnosis
between Q1/2008 to Q4/2014 served as the
patients’ identification/index quarter and
anchored their 4-month lookback and follow-
up. Medical costs for treated time were sum-
marized from the quarter of treatment initiation
until end of follow-up. Medical costs for

Table 1 continued

Condition category ICD-10-
GM

Label

Malignancies C20 Malign neoplasm of rectum

C22.* Malign neoplasm of liver and intrahepatic bile ducts

C25.* Malign neoplasm of pancreas

C34.* Malign neoplasm of bronchia and lung

C64 Malign neoplasm of kidney, except from renal pelvis

C65 Malign neoplasm of renal pelvis

Other H52.* Disorders of refraction and accommodation

K29.* Gastritis and duodenitis

M54.* Dorsalgia

ICD-10-GM International Statistical Classification of Diseases and Related Health Problems, 10th revision, German
Modification
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untreated time were summarized from the
quarter of diagnosis to the end of follow-up or
initiation of treatment, whichever came first.
Patients that initiated treatment after the
quarter of diagnosis contributed data from
diagnosis until treatment initiation to
untreated time and data to treated time from
treatment initiation until end of follow-up.
Patients that initiated treatment in the same
quarter of diagnosis contributed no data to
untreated time while patients that never initi-
ated treatment contributed no data to treated
time.

Economic Impact of Early Treatment
Medical costs for patients diagnosed with CHC
who had received treatment were compared for
whether treatment was initiated early or late.
Comparison groups were created based on a
four-quarter lookback from treatment initiation
for evidence of cirrhosis. Patients without evi-
dence of cirrhosis prior to treatment initiation
were considered to have had early treatment,
whereas those with evidence of cirrhosis prior
to treatment initiation were considered to have
had late treatment. Cirrhosis was identified
using ICD-10-GM codes (K74.3–K74.6).

Statistical Analysis

Mean cost differences estimated from unad-
justed and adjusted ordinary least squares (OLS)
regression models were used to compare the
medical costs between all study cohorts. Models
were adjusted for age (in years), gender, and the
previous year’s total healthcare costs. Addi-
tionally, cost models for treated vs. untreated
and early vs. late treatment cohorts were
adjusted for their index quarter year. The for-
mer comparison was also adjusted for presence
of cirrhosis. Mean ± standard deviation (SD),
medians, and proportions were used to depict
patient characteristics. Age, gender, and EHM
type were independent variables, while the
previous year’s healthcare costs and current
medical costs were dependent variables. All
analyses were conducted using SAS version 9.4.
Alpha of 0.05 was used as the cutoff for deter-
mining statistical significance.

Compliance with Ethics Guidelines

This article is based on previously available data
and does not involve any new studies of human
or animal subjects performed by any of the
authors. However, appropriate approvals from
the BKK were obtained to use their data for this
study.

Table 2 German anatomical therapeutic chemical, operation, and procedure codes for substances defined as CHC-related
pharmacy costs

ATC code OPS code Substance

J05AE12 – Boceprevir

J05AX14 6-008.d Daclatasvir

L03AB** 8-812.1*/8-812.2*/8-547.2 Interferon

J05AX65 6-007.g (combined with sofosbuvir) Ledipasvir

J05AB04 – Ribavirin

J05AE14 6-008.2 Simeprevir

J05AX15 6-007.g (combined with ledipasvir)/6-008.3 Sofosbuvir

J05AE11 6-009.6 Telaprevir

ATC anatomical therapeutic chemical, CHC chronic hepatitis C, OPS operation and procedure
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Similar data were used in a study assessing
the clinical and economic burden of hepatic
and EHCs associated with CHC in Germany
[25]. In that study, CHC was associated with a
substantial burden (e.g., medical costs) largely
due to hepatic complications and EHCs, subject
to limitations similar to those of the present
study [25].

RESULTS

Patient Characteristics

Of patients with CHC, 1714 were identified as
ever receiving treatment [61.4% male, average
age 45.6 years (SD = 12.2)] and 7124 were
identified as ever being untreated [54.9% male,
average age 52.6 years (SD = 16.8)]. Among the
treated patients, 1552 received treatment early
[61.5% male, average age 44.5 years (SD = 12.0)]
and 162 received treatment late [60.5% male,
average age 55.5 years (SD = 8.9), Table 3].

Association between Treatment
and Economic Burden

The economic burden from CHC-related hep-
atic complications and EHCs was reduced after
initiating treatment. Annual medical costs
related to hepatic complications (€1384 vs.
€1022, adjusted difference €398) and EHCs
(€3573 vs. €2287, adjusted difference €1363)
were significantly higher during the untreated
time than the treated time (P\ 0.01 for all;
Table 4). However, the average annual total
costs (€15,843 vs. €8206, adjusted difference
- €2125; P = 0.01) and non-HCV-related phar-
macy costs (€7174 vs. €2243, adjusted difference
€342; P = 0.70) were higher during the treated
time. The €1363 saved in EHC-related medical
costs (adjusted cost difference between
untreated and treated time) by patients in
treatment was a major contributor to the all-
cause medical cost savings observed (72.3%).
However, both hepatic complication- (€3761 vs.
€779, adjusted difference €2822) and EHC-re-
lated costs (€4561 and €2085, adjusted differ-
ence €2255) were significantly higher for the

late than the early treatment cohort, (P\0.01
for both; Table 5). Savings due to EHC-related
medical costs were again a major contributor to
the savings from early treatment observed in all-
cause medical (66.5%) and total (58.9%) adjus-
ted cost differences.

DISCUSSION

Using German BKK sickness fund data, for the
first time, the all-cause medical, pharmacy,
hepatic complication- and EHC-related medical
costs were compared between CHC patients’
time of treatment and non-treatment as well as
between CHC patients treated early and late.
The results showed that CHC treatment may
significantly mitigate the economic burden of
hepatic and EHCs, especially if initiated early.
The results concerning the economic burden
associated with CHC’s late treatment were
consistent with recent evidence from the US
[22].

CHC treatment saved €1885 in all-cause
medical costs per patient per year, mainly
because of the reduced EHC-related medical
costs (adjusted annual cost differences, €1363),
but average annual total costs and non-HCV
related pharmacy costs were higher during the
treated time. Moreover, early treatment of CHC
could save €3831 in total costs, which includes
€3394 of all-cause medical costs and €2255 in
EHC-related costs, compared with late
treatment.

Benefits of CHC treatment can be experi-
enced both clinically and economically. CHC
treatment reduces the number of hepatocellular
carcinoma and decompensated cirrhosis cases
[18], which results in economic savings. Fur-
thermore, DAA treatment costs can be offset by
the benefits incurred within a few years [19, 22].
On the clinical side, some benefits of CHC
treatment include seroconversion of anti-HCV,
normalization of biologic enzymes, reduction of
the risk of cirrhosis or even cirrhosis reversion,
reduction of liver cancer progression, disap-
pearance of sexual or perinatal transmission
risk, improved quality of life, improvement of
any EHM, and reduced risk of death [26].
Therefore, it makes sense to tackle CHC as early
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as possible. Sbarigia et al. [27] studied the eco-
nomic value of expanding the HCV treatment
capacity in Germany and reported that
increasing treatment capacity would reduce
disease transmission and prevalence in addition
to increasing quality-adjusted life years and net
treatment savings.

Using a US claims database, Reau et al. [22]
demonstrated that EHMs contributed to the
overall economic burden of HCV and its treat-
ment. Of the EHMs assessed, kidney disease and
CVD were the costliest EHMs across all com-
parisons (treated HCV vs. untreated HCV and
early HCV treatment vs. late HCV treatment).

The results observed in our study are compara-
ble to Reau et al.’s US study, with the share of
the all-cause medical costs attributable to EHCs
being 72.3% for treated vs. untreated time and
66.5% for early vs. late HCV treatment. It
should also be noted that economic modeling
may not always reflect real-life conditions, such
as the evidence observed in the current study.
In this study, early treatment was associated
with savings of €3831 for total costs, with €2255
saved in EHC-related medical costs alone. Eco-
nomic modeling in the Spanish [28] and Italian
[29] settings have echoed similar conclusions.

Table 3 Comparison of patient characteristics between study cohorts

Characteristics Patients with newly diagnosed
CHC

Treated patients with newly diagnosed
CHC

Treated time,
n = 1714

Untreated time,
n = 7124

Early treatment
cohort, n = 1552

Late treatment
cohort, n = 162

Age (years), mean ± SD [median] 45.6 ± 12.2 [46] 52.6 ± 16.8

[51]

44.5 ± 12.0 [45] 55.5 ± 8.9 [55]

Males, n (%) 1052 (61.4%) 3910 (54.9%) 954 (61.5%) 98 (60.5%)

Previous years cost (euros) category

mean ± SD [median]

10,114 ± 40,915

[3309]

6719 ± 24,004

[2038]

9652 ± 41,122

[3246]

14,544 ± 38,709

[3749]

Previous year’s healthcare cost (euros) category, n (%)

0 0 0 0 0

1st quartile 922 600 897 1167

2nd quartile 3309 2038 3246 3749

3rd quartile 12,455 6373 12,378 13,566

4th quartile 1508,911 1239,866 1508,911 406,296

Index year, n (%)

2008 396 (23.1%) 3191 (44.8%) 363 (23.4%) 33 (20.4%)

2009 278 (16.2%) 891 (12.5%) 261 (16.8%) 17 (10.5%)

2010 238 (13.9%) 758 (10.6%) 215 (13.9%) 23 (14.2%)

2011 295 (17.2%) 790 (11.1%) 274 (17.7%) 21 (13.0%)

2012 267 (15.6%) 722 (10.1%) 228 (14.7%) 39 (24.1%)

2013 175 (10.2%) 617 (8.7%) 160 (10.3%) 15 (9.3%)

2014 65 (3.8%) 155 (2.2%) 51 (3.3%) 14 (8.6%)

CHC chronic hepatitis C virus infection, SD standard deviation
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Table 4 All-cause, hepatic complication-related, and extrahepatic complication-related annual costs for treated vs. untreated
time

Cost category Weighted mean costs (2016 euro) per patient per year of
treated and untreated time

Adjusted cost
difference (95% CI)
[B] 2 [A]aTreated

time [A],
N = 1714

Untreated
time [B],
N = 7124

Mean cost difference between
untreated and treated time
(95% CI) [B] 2 [A]

Total cost (all-cause

medical ? pharmacy)

(mean ± SD)

15,842.5

± 173,555.5

8206.1

± 47,770.1

- 7636.5*

(- 11,715.9; - 3557.0)

- 2124.9#

(- 3759.6; - 490.2)

Total all-cause medical costs 4243.9

± 16,553.2

5962.9

± 22,398.3

1719.0*

(1259.8; 2178.2)

1885.5*

(1339.1; 2431.8)

Hepatic complication-related

medical costs

1022.2

± 10,263.3

1384.3

±10,870.8

362.1*

(94.1; 630.1)

397.9*

(199.1; 596.7)

Extrahepatic complication-

related medical costs (any of

the conditions listed below)

2287.1

± 12,015.6

3572.9

± 15,999.0

1285.8*

(954.1; 1617.6)

1363.2*

(1044.0; 1682.5)

Type 2 diabetes 577.8

± 6357.2

1134.8

± 8734.1

557.0*

(379.8; 734.1)

409.1*

(259.8; 558.4)

Cardiovascular disease 630.0

± 7592.2

1191.7

± 9305.9

561.6*

(356.7; 766.6)

442.5*

(272.3; 612.6)

Parkinson’s disease 380.0

± 4914.3

587.2

± 5216.9

207.2#

(78.8; 335.6)

167.5* (55.2; 279.7)

Mental or behavioral disorders 777.1

± 4071.6

1202.9

± 7030.6

425.8*

(302.9; 548.8)

748.4*

(620.9; 875.9)

Fatigue 524.3

± 3474.5

693.7

± 4869.8

169.5*

(72.1; 266.9)

429.2*

(326.9; 531.6)

Renal impairment 731.2

± 8428.8

1178.3

± 1,0953.3

447.1*

(215.9; 678.2)

322.6*

(113.0; 532.1)

Malignancies 854.0

± 7735.8

1236.2

± 8438.3

382.1*

(178.9; 585.4)

299.1*

(127.8; 470.5)

Other 554.5

± 6420.1

894.5

± 7398.2

340.0*

(169.2; 510.7)

261.0*

(129.1; 392.8)

All pharmacy costs

CHC-related pharmacy costs 4424.3

± 10,319.9

– – –
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The strength of our study is the inclusion of
a broad range of EHCs, including some that
have not been studied extensively (e.g., mental
disorders, gastric disorders), which enabled us
to understand the clinical and economic bur-
den of CHC in Germany. EHC is a broader term
than EHM because the former only encom-
passes conditions that have a documented
clinical pathway to CHC, while the latter also
includes conditions that are prevalent among
the patient population but are not yet shown to
be related to CHC. Analyzing pharmacy cost
data separately from the medical expenditure is
another advantage of this study. In fact, the
observed higher total cost for CHC treatment
compared with non-treatment is attributable to
CHC-related pharmacy costs, which by defini-
tion the latter cohort did not have.

Limitations

The limitations of the current study must be
kept in mind while interpreting the results. The
BKK data only represent * 8% of all people
within the statutory health insurance system.
Residual confounding may persist despite sam-
ple matching and covariate adjustment in the
analyses. Patients could be misclassified because
of misinterpretation of the EBM, DRG, OPS, and
ICD-10-GM codes. CHC is a chronic disease;
hence, a possibility of lag between infection and
diagnosis cannot be excluded. Some EHC

categories such as cardiovascular disorders and
renal impairment are comprised of both EHMs
documented in the literature and other condi-
tions that are prevalent in this population. The
medical costs were measured as charged
amounts, not paid amounts, which may result
in overestimation of the actual cost. However,
this is likely to affect all the cohorts equally. In
addition, a single medical claim could be asso-
ciated with multiple procedure codes, resulting
in the same medical cost being counted under
multiple EHM categories. However, these costs
were only included once while performing
summation. Also, not all EHCs were included in
the analysis, and those included were grouped
together—this could affect the respective cost
analyses. Moreover, data are used from a large
span of time (2007–2014), which introduces a
high level of heterogeneity regarding patient
characteristics and treatment options, making
interpretation of the data and results more dif-
ficult. However, the results are robust to show
that costs incurred during CHC treatment are
less than when CHC is not being treated for all
costs considered in this study. In addition, the
analyses included CHC treatments available
between 2007 and 2014, but there has been a
rapid evolution in the treatment landscape
since. Finally, the comparisons between
patients receiving early vs. late treatment
should be interpreted with caution as those
receiving late treatment could include patients
with end-stage liver disease, a life-threatening

Table 4 continued

Cost category Weighted mean costs (2016 euro) per patient per year of
treated and untreated time

Adjusted cost
difference (95% CI)
[B] 2 [A]aTreated

time [A],
N = 1714

Untreated
time [B],
N = 7124

Mean cost difference between
untreated and treated time
(95% CI) [B] 2 [A]

Non-CHC-related pharmacy

costs

7174.3

± 171,880.4

2243.2

± 36,162.2

- 4931.1#

(- 8957.0; - 905.3)

341.9

(- 1390.7; 2074.5)

CHC chronic hepatitis C virus infection, CI confidence interval, OLS ordinary least squares, SD standard deviation
*P\ 0.01, #P = 0.02
a Weighted OLS regression models to estimate adjusted mean cost difference between the treated and untreated follow-up
time

348 Infect Dis Ther (2018) 7:339–352



Table 5 All-cause, hepatic complication-related, and extrahepatic complication-related annual costs among patients in the
early vs. late treatment cohorts

Cost category Weighted mean costs (2016 euro) per patient per year of
follow-up after treatment initiation

Adjusted cost
difference (95% CI)
[B] 2 [A]aEarly CHC

treatment
cohort [A],
N = 1552

Late CHC
treatment
cohort [B],
N = 162

Mean cost difference
between late and early
treatment cohorts (95% CI)
[B] 2 [A]

Total cost (all-cause

medical ? pharmacy)

(mean ± SD)

15,092.3

± 181,540.5

24,295.7

± 52,098.6

9203.4**

(3066.0; 15,340.7)

3831.1

(- 3036.0; 10,698.2)

Total all-cause medical costs 3931.4

± 13,916.7

7765.5

± 31,641.6

3834.1**

(1212.1; 6456.2)

3393.5**

(1318.6; 5468.5)

Hepatic complication-

related medical costs

779.1

± 6678.7

3760.8

± 25,724.6

2981.7**

(861.4; 5102.0)

2821.8**

(1323.7; 4319.9)

Extrahepatic complication-

related medical costs (any

of the conditions listed

below)

2085.3

± 11,023.2

4560.8

± 18,583.4

2475.5**

(925.3; 4025.8)

2255.4**

(880.0; 3630.8)

Type 2 diabetes 508.1

± 6363.3

1363.3

± 6124.9

855.3**

(329.0; 1381.5)

716.3*

(169.3; 1263.3)

Cardiovascular disease 517.3

± 6498.4

1900.6

± 14,147.7

1383.4#

(210.1; 2556.6)

1233.7*

(294.9; 2172.5)

Parkinson’s disease 336.6

± 4305.9

869.8

± 8797.8

533.2

(- 197.2; 1263.7)

536.3

(- 152.3; 1224.9)

Mental or behavioral

disorders

775.8

± 4083.5

791.3

± 3968.3

15.5

(- 325.2; 356.2)

331.8

(- 67.1; 730.8)

Fatigue 523.7

± 3478.7

530.0

± 3444.1

6.2

(- 289.0; 301.5)

226.1

(- 128.9; 581.1)

Renal impairment 603.5

± 7508.1

2170.6

± 14,309.1

1567.1*

(377.3; 2757.0)

1297.8**

(334.5; 2261.0)

Malignancies 705.9

± 6250.8

2522.6

± 15,793.4

1816.7**

(510.0; 3123.4)

1548.5**

(480.7; 2616.3)

Other 417.5

± 4738.1

2099.1

± 14,593.0

1681.6**

(476.8; 2886.4)

1515.6**

(566.2; 2465.1)
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complication of CHC resulting in significant
medical costs.

CONCLUSION

The current study findings reveal that not
treating CHC or delaying treatment to
advanced stages of liver disease may result in
additional expenditures, mainly due to EHC-
related complications. This burden suggests that
an unmet economic need exists for timely ini-
tiation of treatment. The results observed in this
study may help guide clinical decision making
for the improvement of care for patients with
CHC, which in turn could lead to significant
cost savings for payers and the healthcare
system.
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