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Abstract

Objective: To estimate both the number of patients with hepatocellular carcinoma (HCC) eligible annually for second-line
therapy following sorafenib in Germany and the healthcare costs accrued by patients meeting eligibility criteria.

Methods: Patients with an HCC diagnosis and one or more sorafenib prescription were identified from samples of > 3
million insured persons in each of 2012, 2013 and 2014 using the anonymised Betriebskrankenkasse health insurance
scheme database. Incidence rates from 2013 were extrapolated to the German population using data from the statutory
health insurance system database and Robert Koch Institute. Resource use and cost data were collected for a subset of
patients with follow-up data post-sorafenib.

Results: Between 1032 and 1484 patients with HCC in Germany (893–1390 publicly insured patients) were estimated as
likely to be eligible for second-line therapy after sorafenib annually. For post-sorafenib analyses, 117 patients were identified
with HCC, one or more sorafenib prescription and considered potentially eligible for second-line treatment, 15 of whom
were alive after 12 months’ follow-up. Total mean costs per patient accrued in the 12 months after sorafenib treatment
ended were €11,152 (hospital care, €6483 [58.1%]; outpatient prescriptions, €3137 [28.1%]).

Conclusion: The estimated number of publicly insured HCC patients annually eligible for second-line therapy in Germany
was < 1400 and mean total costs accrued in the year after completion of sorafenib therapy were approximately €11,000
per patient for the German statutory healthcare system. These estimates can be used when evaluating the budgetary
impact of new second-line therapies for advanced HCC in Germany.

Keywords: Hepatocellular carcinoma, Germany, Second line, Sorafenib, Health economics, German statutory health
insurance claims data

Background
Liver cancer is one of the most common cancers world-
wide (annual incidence: 10.1 cases per 100,000), with
70.8% of cases occurring in men [1]. The prognosis of
liver cancer is poor, and it is the second most common
cause of cancer-related deaths worldwide [1]. Hepatocellu-
lar carcinoma (HCC) accounts for approximately 70–85%
of the total liver cancer burden worldwide [2]. Around

80% of HCC cases are associated with chronic hepatitis B
or C viral infections [3, 4]. However, the risk of HCC is
increased in diabetic populations, particularly those with
type 2 diabetes mellitus [5], as well as in patients with the
metabolic syndrome who can present with non-alcoholic
steatohepatitis and no cirrhosis [6, 7]. Since the metabolic
syndrome is highly prevalent, even small increases in
obesity- or diabetes-related risk could result in a large
number of HCC cases [8]. In Germany, the age-adjusted
incidence rates of liver cancer in 2012 [1] and 2013 [9],
respectively, were 2.3 and 3.5 per 100,000 population in
females and 7.2 and 10.3 per 100,000 population in males;
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crude rates were 6.4 per 100,000 population in females
and 15.6 per 100,000 population in males in 2013 [9].
Recent estimates of HCC incidence in Germany were not
identified in the literature.
Staging of HCC is important for determining progno-

sis and planning therapy and includes an assessment of
tumour stage, underlying liver function and clinical per-
formance status. A number of different staging systems
are used in HCC, although the Barcelona Clinic Liver
Cancer (BCLC) classification is the only system that takes
into account all of these factors and is endorsed for
prognostic prediction and treatment allocation [10, 11].
Treatment options for HCC include surgical resection,
liver transplantation and local ablation for early-stage
disease, locoregional treatments (e.g. transarterial chemoem-
bolisation and radioembolisation) for intermediate-stage
disease, and systemic therapies for advanced-stage disease.
Current treatment guidelines recommend that patients with
advanced HCC (BCLC stage C; defined as disease
with vascular invasion or metastases) should receive
sorafenib [10, 12]. Best supportive care or the inclusion of
patients in clinical trials after disease progression or in-
tolerance to sorafenib is recommended [10, 12], as there
are no approved second-line treatments for HCC at the
time of these analyses.
In Germany, incidence and prevalence data are re-

quired to assess the potential benefits and financial im-
pact of any new treatment according to the Act on the
Reform of the Market for Medicinal Products [13]. Cur-
rently, the size of the potential population of patients
with advanced HCC eligible for second-line therapy is
unknown as relevant epidemiologic data are not available.
Thus, the present study was performed to estimate the
number of patients with advanced HCC eligible for
second-line therapy annually in Germany and the health-
care costs accrued by patients with HCC eligible for
second-line therapy based on data from the German statu-
tory health system.

Methods
Study design and data source
This was a retrospective, observational study of data
from the Betriebskrankenkasse (BKK) health insurance
scheme in Germany over a 7-year period (2008 to 2014).
The BKK includes data from insured persons registered
at company health insurance funds. Although initially
for employees of companies or enterprises, these funds
have been open to all German citizens since 1996 and
have become more representative of the entire statutory
health insurance scheme. We requested and obtained
access to these strictly regulated data from the BKK who
had no other involvement in these analyses. After BKK
approval, data from the electronic databases of six differ-
ent anonymised statutory health insurance funds were

made available from central data service providers (Bit-
marck Service for BitInfonet, and Bitmarck-Beratung for
ISKV 21c) and participating company health insurance
funds directly. These data were gathered under natural-
istic conditions and anonymised by the providers in
accordance with an approved data privacy concept. The
raw data were then imported, prepared and checked by
the authors using previously established processes.
The target patient population, i.e. patients with ad-

vanced HCC who had received sorafenib and were poten-
tially eligible for second-line therapy, was identified. The
data extracted for the present study were demographic in-
formation, utilisation of health services (e.g. hospitalisa-
tion, inpatient and outpatient care, prescriptions, sickness
and other benefits) and associated costs. No ethics
approval or consent to use the included information was
required because of the anonymised nature of all data.

Identification of the target populations
The source sample population consisted of > 3 million
insured persons in each of the study index years (2012
to 2014) and was representative of the German statutory
health insurance population in terms of gender and age
group distributions (Additional file 1: Table S1).
Two different approaches were used to identify target

populations so that the two study objectives could be
met. The first approach identified all patients with ad-
vanced HCC potentially eligible for second-line therapy
during the analysis period. The second approach identified
patients with the required follow-up data to allow estima-
tion of healthcare costs accrued by patients with HCC eli-
gible for second-line therapy. The details are shown in the
study flowchart (Fig. 1), with the two methodological
approaches indicated with orange and blue arrows.
First, to estimate the number of patients with ad-

vanced HCC eligible for second-line therapy after sorafe-
nib (Fig. 1, orange arrows), patients with a diagnosis of
liver cancer, and HCC in particular, were identified using
the International Classification of Diseases and Related
Health Problems, tenth revision (ICD-10) codes C22 and
C22.0, respectively, every year from 2012 to 2014 (each
was considered an index year). Diagnoses made in the
inpatient and/or ambulatory care setting were permitted.
Inpatients with HCC were identified using primary or
secondary inpatient C22.0 diagnoses, whereas outpatients
with HCC were identified using the ‘assured’ (gesichert)
and ‘status after’ (“Zustand nach”) C22.0 diagnosis. Pa-
tients who had no relevant ICD-10 diagnosis during 1 year
preceding the index year were considered incident in the
corresponding index year. Patients younger than 18 years
(in the corresponding index year) and those who had
undergone liver transplantation at any time over the study
period were excluded. Patients with a diagnosis of HCC
together with at least one prescription for sorafenib in
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Fig. 1 (See legend on next page.)
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each index year were then identified. Sorafenib prescrip-
tions were identified using ATC code L01XE05 for
outpatient prescriptions and OPS codes 6–003.b* for in-
patient treatment. Patients who were alive after the end of
sorafenib therapy for each index year were considered to
be the target population, i.e. patients with advanced HCC
previously treated with sorafenib who were eligible for
second-line therapy.
To obtain a population with sufficient follow-up data

post-sorafenib therapy for determination of healthcare
costs (Fig. 1, blue arrows), we identified patients with a
diagnosis of HCC who had received at least one pre-
scription for sorafenib and who had ended sorafenib
therapy in the timeframe 2012 to 2014. No maximum
end date for sorafenib therapy in 2014 was designated,
acknowledging that some patients may have less
follow-up data. Clinically accepted markers for identify-
ing treatment failure either could not be identified from
the database because of missing or unspecific coding
(i.e. radiologic findings or symptomatic progression) or
were thought to be unreliable (i.e. discontinuation of
therapy following treatment failure). We therefore per-
formed a series of exploratory analyses to identify the
target group of patients who had failed sorafenib therapy
and who were possible candidates for second-line ther-
apy (Additional file 2). An explorative approach was
used that combined potentially distinguishing markers
to detect failure of first-line therapy. Markers considered
were the frequency and duration of sorafenib prescrip-
tions, the pattern of sorafenib prescriptions (i.e. full
dose, dose reductions and dose interruptions), observa-
tion time and adverse events. The data were stratified to
examine potential influences of, and differences between,
these markers and to find an adequate definition of treat-
ment failure. From these analyses, the following four
subgroups were identified:

� Subgroup #1: Patients still alive at the end of the
observation period (31 December 2014) and with
fewer than 70 observation days (allowing for a 56-
day intake of a reduced dosage [two tablets daily
instead of four tablets daily as is recommended [14]]
plus 14 days of follow-up) from the last sorafenib
prescription.

� Subgroup #2: Patients who died while on sorafenib
therapy.

� Subgroup #3: Patients who died within the
observation period (i.e. before 31 December 2014)
and no longer received sorafenib therapy (i.e. more
than 70 days of follow-up between the last sorafenib
prescription and death).

� Subgroup #4: Patients who were still alive at the end
of the observation period (31 December 2014) and
for whom at least 70 days of follow-up had passed
between the last prescription of sorafenib and the
end of the observation period.

Patients in subgroup #1 had insufficient follow-up to
allow meaningful analysis. Patients in subgroup #2 died
while on sorafenib treatment and could not have
received a second-line agent. Therefore, subgroups #1
and #2 were not considered for further analysis. Patients
in subgroups #3 and #4 were considered to have failed
first-line sorafenib therapy and were potentially eligible
for second-line treatment and therefore constituted the
target population for post-sorafenib follow-up analysis.

Data collection
Data from the target population for post-sorafenib
follow-up analysis were examined retrospectively for up
to 4 years from the first prescription of sorafenib to
identify pre-existing and concomitant conditions diag-
nosed in the inpatient and/or outpatient settings, and
especially risk factors for HCC (e.g. cirrhosis of the liver,
hepatitis B and C). Treatments received prior to initi-
ation of sorafenib therapy in inpatient and/or outpatient
care were also captured.
Starting from the end of sorafenib therapy (defined as

last prescription + 56 days) and until 31 December 2014
or death, resource use (i.e. hospital stays and care, includ-
ing ambulatory treatments; outpatient visits; outpatient
prescriptions; work disability; remedies; and other bene-
fits) and associated cost data were gathered for the target
population. Cost data were for all healthcare utilisations
classified into the listed resource use categories that had
been refunded or paid by the sickness funds. A so called
“Orientierungspunktwert” (reference point value) accord-
ing to the Uniform Evaluation Scale catalogue, also known
as EBM (Einheitlicher Bewertungsmaßstab), was used for
monetarisation of patient-physician contacts in outpatient
care. Survival data from the last sorafenib prescription
were also collected.

(See figure on previous page.)
Fig. 1 Flowchart of HCC patient selection for epidemiological analysis and post-sorafenib follow-up analysis. Subgroup #1: patients still alive at
the end of the observation period but with fewer than 70 observation days from the last sorafenib prescription; Subgroup #2: patients who died
while on sorafenib therapy; Subgroup #3: patients who died within the observation period but not under sorafenib therapy (i.e. more than
70 days between the last sorafenib prescription and death); Subgroup #4: patients who were still alive at the end of the observation period and for
whom at least 70 days had passed between the last prescription of sorafenib and the end of the observation period. aPatients alive after sorafenib
therapy end/failure. HCC hepatocellular carcinoma, ICD-10 International Classification of Diseases and Related Health Problems, tenth revision
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Data analysis
Crude incidence and prevalence rates of HCC for 2013
in Germany were estimated using data from two differ-
ent sources:

(i) German statutory health insurance system database
(Gesetzliche Krankenversicherung [GKV]) (2013) and

(ii) Robert Koch Institute (2013) [9, 15].

Calculations were based on the annual number of
HCC diagnoses reported for the stated year. The crude
incidence rate of HCC was calculated as the number of
new disease diagnoses/sample population × 100,000 [16].
To calculate the crude incidence rate for the GKV, the

study sample population (BKK) estimates underwent
age- and gender-adjusted extrapolation to the total GKV
population using published methods [17].
The Robert Koch Institute reported only diagnoses of

liver cancer (C22). Therefore, the number of HCC cases
reported by the Robert Koch Institute was estimated
using two sources: the first based on the Robert Koch
Institute report that 66% of liver cancers in Germany are
HCC [15] and the second based on a published paper
that reported a value of 80% [18]. Numbers for the total
population in Germany, used for estimating crude inci-
dence rates, were as stated by the German Federal Stat-
istical Office/eurostat [19, 20].
The mean (standard deviation; 95% confidence interval

[CI]) proportion of patients in the BKK with HCC eligible
for second-line treatment from each of the index years
(2012 to 2014) was calculated and then applied to the esti-
mated populations of patients with HCC in Germany as
identified from the two sources mentioned above.
Resources and costs were analysed from the perspective

of the German statutory healthcare system (i.e. public
healthcare provider). Mean real (unweighted) estimates of
resource use and costs were calculated for the target
population for each type of resource for the first year after
the end of sorafenib therapy. Data from all eligible insured
patients were included, independent of individual length
of follow-up i.e., the yearly costs of the target population
were evaluated from the payer perspective. Utilisation of
inpatient care was measured from the documented admis-
sion date and included ambulatory and hospital treat-
ments. All costs were expressed in euros, using the values
recorded without correction.

Results
Incidence and prevalence
The numbers of patients with diagnoses of HCC in our
study population in 2012 to 2014 are shown in Fig. 1
(orange arrows); 769 such diagnoses were recorded in
2013. The estimated crude incidence and prevalence
rates of HCC for the present sample population in 2013

and the total GVK in 2013, as well as crude estimates
for the German population based on data from the Rob-
ert Koch Institute, are shown in Table 1 [9].
The mean (standard deviation; 95% CI) proportion of

the study population with HCC that was eligible for
second-line therapy, based on findings from 2012 to
2014, was 7.68% (0.58; 7.02–8.33). Extrapolating this to
the total German population, we estimated that, annu-
ally, between 1171 and 1390 patients with HCC were
potentially eligible for second-line therapy based on the
statutory health system (GKV) data, and between 1032
and 1484 patients were eligible based on Robert Koch
Institute data (Table 1). As 86.5% of the population in
Germany is covered by public health insurance [19–21],
the Robert Koch Institute value would decrease to
between 893 and 1284 for publicly insured patients.

Post-sorafenib follow-up analysis
Target population
For the post-sorafenib follow-up analysis, we identified
237 patients with a diagnosis of HCC who had received
at least one prescription for sorafenib and who had
ended sorafenib therapy in the timeframe 2012 to 2014
(Fig. 1; blue arrows). Of these 237 patients, 31 were in
Subgroup #1 and 89 were in Subgroup #2; these patients
were not considered further. The target population for
post-sorafenib follow-up analysis was the remaining 117
patients in subgroups #3 (n = 87) and #4 (n = 30) who
were considered to have failed first-line sorafenib therapy
and were potentially eligible for second-line treatment.
The baseline characteristics, comorbidities (including
diagnoses of conditions considered to be risk factors) and
pre-existing medications of these 117 patients are shown
in Table 2.
The mean (standard deviation) duration of follow-up

of the target population was 170.4 (202.8) days (median
90 days, range 15–1043); 15 patients were still alive after
12 months of follow-up.

Resource utilisation and costs
A summary of mean resource use and costs for the
12 months after the end of sorafenib treatment for the tar-
get population is presented in Table 3. Mean costs accrued
by month in the target population are shown in Fig. 2.
In the target population, mean total costs in the

12 months after the end of sorafenib therapy were
€11,152 per patient. Hospital care and outpatient pre-
scriptions were the two highest contributing cost groups
to the total, accounting for 58.1% (€6483) and 28.1%
(€3137) of the total mean costs per patient over the
12-month period, respectively. Mean hospital care costs
were also among the highest contributing cost groups
for subgroups #3 and #4 when analysed separately, ac-
counting for 68.7% of total mean costs per patient
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(€6556; n = 87) in subgroup #3 and 39.6% of the total
mean costs per patient (total costs €6272; n = 30) in sub-
group #4 over the 12-month period. Mean costs of pre-
scriptions accounted for 50.7% (€8026) of the total costs
per patient in subgroup #4 but only for 15.2% (€1452) in
subgroup #3 over the 12-month period.
Monthly mean total costs for both subgroups generally

declined over time during the first 12 months after the
end of sorafenib treatment, with some spikes in cost
observed at arbitrary months (Fig. 2). When examining
subgroup #4 in more detail (n = 30), as this subgroup
had longer follow-up data available, there was a general
downward trend over time following sorafenib treatment
that was reflected in all areas of the statutory health sys-
tem. Mean monthly costs of hospital care per patient
were €2044.89 in the first month and fluctuated between
€8 and €3051 in the first 12 months; the costs for appoint-
ments with physicians in the outpatient setting were €121
in the first month and declined to €66 in month 12. Simi-
larly, the mean number of monthly prescriptions per pa-
tient was 4.20, costing €1412 in the first month, and 4.50
prescriptions, costing €226, at month 12. No costs relating
to sick pay and inability to work were reported.

Discussion
In the present study, we used data from two different
sources to estimate the incidence and prevalence of
HCC in Germany. Using the statutory health system
database, which includes a sample of publically insured
persons in Germany, the estimated annual crude inci-
dence rate of HCC for 2013 was 12.17 per 100,000,
whereas the annual crude incidence using relevant data
from the Robert Koch Institute ranged from 7.18 to 8.71
per 100,000. The higher incidence rate in the statutory
health system population as compared with the Robert
Koch Institute estimates may be due in part to the pre-
dominantly urban population in the former sample, a
trend noted in other reports of liver cancer incidence rates
in rural and urban populations from Germany [22, 23]. In
addition, we cannot be certain that we identified only inci-
dent cases of HCC in our analysis; however, we believe
that a one-year period is sufficient to exclude patients with
ongoing disease given the high mortality of this cancer.
Differences in prevalence rates (23.89 per 100,000 in the
GKV vs 12.25–14.85 per 100,000 in the Robert Koch
Institute data [value directly calculated based on the
Robert Koch Institute 10-year prevalence of liver cancer
for 2013]) could have been because the statutory health
system data are based on claims data and do not consider
mortality, whereas the prevalence data from the Robert
Koch Institute considered the patients who survived until
31 December 2013. Recalculating the Robert Koch
Institute prevalence estimate considering all HCC cases
over the course of 2013 resulted in a prevalence rate of

Table 1 Estimated incidence and prevalence data for HCC in
Germany in 2013

Population/parameter Total

Study sample population
(insured for ≥1 day in 2013)

3,344,257

New HCC diagnoses 407

Crude HCC incidence (per 100,000) 12.17

HCC diagnoses (throughout 2013) 769

Crude HCC prevalence (per 100,000) 22.99

Proportion of population with
HCC eligible for second-line therapy,
mean % (95% CI)a

7.68%
(7.02–8.33)

German statutory health system population
(at 1 July 2013)

69,854,922

New HCC diagnoses
(extrapolated incidence)b

8841

Crude HCC incidence
(extrapolated) (per 100,000)b

12.66

HCC diagnoses (extrapolated
throughout 2013)

16,685

Crude HCC prevalence (extrapolated)
(per 100,000)b

23.89

Number eligible for second-line
therapy, low–high limitc

1171–1390

Germany – RKI (2013)

New HCC diagnosesd 5801–7032

Crude HCC incidence (per 100,000)e 7.18–8.71

HCC diagnoses (estimated throughout
2013)f

14,697–17,814

Crude HCC prevalence (estimated
throughout 2013) (per 100,000)f

18.20–22.06

Number eligible for second-line therapy,
low–high limitg

1032–1484

C22 International Classification of Diseases, tenth revision code for liver cancer,
CI confidence interval, HCC hepatocellular carcinoma, RKI Robert Koch Institute
aMean of estimates for 2012 (7.89% [58/735]), 2013 (7.02% [54/769]) and 2014
(8.12% [66/813])
bPatients with a diagnosis of HCC in 2013, extrapolated from the German
Betriebskrankenkasse (BKK) health insurance scheme data (present study
sample), age- and gender-adjusted to the entire German statutory health
insurance system
cBased on 95% CI for study sample estimate (i.e. 7.02–8.33)
dAssumes that HCC accounts for 66–80% of total liver cancer burden (RKI
estimate [15] – reported value in literature [18]) and based on total number of
new liver cancer cases reported in 2013 by the RKI (male: 6160; female: 2630)
eCalculated using number of new HCC cases estimated to be reported in 2013
by the RKI [9] as a proportion of the German population reported by the
German Federal statistical office/eurostat [19, 20] in 2013 (N = 80,767,463)
fPrevalence of insured patients with C22 diagnosis was the sum of 5-year
prevalence in 2012 (n = 10,800) and incidence in 2013 (n = 8790) = 19,590.
Since the 10-year prevalence of C22 reported in 2013 (n = 14,990) exceeded
the 5-year prevalence for the same year (n = 12,010) by 1.248 times, this factor
(1.248) was used to estimate 10-year prevalence in 2012 and correct calculations
as follows: NC22 in Germany = (10,800 × 1.248 = 13,478) + 8790 = 22,268
individuals with C22 diagnosis in the course of 2013. Corrections to estimate HCC
prevalence were based on the assumption that HCC accounts for 66–80% of total
liver cancer burden (RKI estimate – reported value in literature [18])
gAssumes that HCC accounts for 66–80% of the total liver cancer burden (RKI
estimate – reported value in literature [18]) and 95% CI for study sample
estimates (i.e., 7.02–8.33)
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Table 2 Available patient and disease characteristics for patients with HCC potentially eligible for second-line therapy

Subgroups #3 and #4 Subgroup #3a Subgroup #4b

N 117 87 30

Sex, n (%)

Men 100 (85) 75 (86) 25 (83)

Women 17 (15) 12 (14) 5 (17)

Age, years

Mean 71.87 71.52 72.90

Pre-existing confirmed diagnoses (ICD code)c, n (%)

Hypertension (I10.x) 96 (83) 70 (81) 26 (53)

Diabetes mellitus (E11, E14) 66 (56) 50 (58) 16 (53)

Liver cirrhosis (K74.3, K74.4, K74.5, K74.6, K70.3, K71.7, P78.8) 62 (53) 45 (52) 17 (57)

Liver cirrhosis and fibrosis (K74.x) 57 (49) 41 (47) 16 (53)

Other liver diseases (K76.x) 46 (39) 30 (26) 16 (53)

Disorders of lipoprotein metabolism and other lipidaemias (E78.x) 51 (44) 35 (40) 16 (53)

Disorders of refraction and accommodation (H52.x) 46 (39) 31 (36) 15 (50)

Obesity (E66.x) 39 (33) 26 (30) 13 (43)

Dorsalgia (M54.x) 37 (32) 28 (32) 9 (23)

Gastritis and duodenitis (K29.x) 35 (30) 28 (32) 7 (23)

Chronic ischemic heart disease (I25.x) 36 (31) 26 (30) 10 (33)

Disorders of purine and pyrimidine metabolism (E79.x) 32 (27) 24 (28) 8 (27)

Cataract (H25.x) 26 (22) 19 (22) 7 (23)

Pre-existing medications (ATC code)c, n (%)

β-blocking agents (C07A) 69 (59) 54 (62) 15 (50)

Loop diuretics (C03C) 45 (38) 36 (41) 9 (30)

ACE inhibitors, plain (not in combination) (C09A) 45 (38) 31 (36) 14 (47)

Lipid-modifying agents, plain (C10A) 33 (28) 21 (24) 12 (40)

Antithrombotic agents (B01A) 33 (28) 24 (28) 9 (30)

Agents for peptic ulcer and gastro-oesophageal reflux disease (A02B) 64 (55) 46 (53) 18 (60)

Anti-inflammatory and antirheumatic products, non-steroids (M01A)d 42 (36) 31 (36) 11 (37)

Other analgesics and antipyretics (N02B) 35 (30) 26 (30) 9 (30)

Opioids (N02A) 17 (15) 15 (17) 2 (7)

Antibacterials for systemic use (J01)e 41 (35) 30 (34) 11 (37)

Diagnostic agents (V04B, V04C) 33 (28) 25 (29) 8 (27)

Anti-gout preparations (M04A) 31 (26) 23 (26) 8 (27)

Antidiabetes medications, excl. insulins (A10B) 29 (25) 22 (25) 7 (23)

Patients who received chemotherapy prescriptionsf (L01) 2 (2) 1 (1) 1 (3)

Mean duration of sorafenib therapy, days 223.6 230.0

Standard deviation 307.3 376.0

Range 28–1630 28–1972

ACE angiotensin-converting enzyme, ATC anatomical therapeutic chemical, ICD International Classification of Diseases
aPatients who died during the observation period but not on sorafenib therapy (i.e. more than 70 days between the last sorafenib prescription and death)
bPatients who were still alive at the end of the observation period and at least 70 days had passed between the last prescription of sorafenib and the end of the
observation period
cDuring the year prior to sorafenib therapy (diagnoses during the quarter in which patients were identified were not included but those of prior quarters were);
reported by at least 20% of patients in at least two of the three groups (study population, subgroup #3, subgroup #4), with the exception of opioids, which were
an important contributor to the analgesic category
dValue may be underestimated because many of these medications are available without prescription (i.e. over the counter)
ePatients may have received more than one cycle of treatment with antibiotics
fDuring the year prior to sorafenib therapy
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18.20–22.06 per 100,000 (Table 1), which is much closer
to the GKV estimation. We further applied these data to es-
timate the number of patients in Germany with advanced
HCC likely to be candidates for second-line therapy after
prior sorafenib treatment. From a payer’s perspective in
Germany, we estimated this number to range between 893
and 1390 patients per year based on the GKV and Robert
Koch Institute data.
Epidemiological data from the present study also

allowed us to characterise patients with advanced HCC
likely to be candidates for second-line therapy after prior
sorafenib. Of the 117 patients identified in our study
with sufficient data for the follow-up analysis, most were

men (85%), with a mean age of 72 years. Of the potential
risk factors for HCC, liver cirrhosis (53.0%), often with
accompanying fibrosis, and diabetes mellitus (56.4%)
were observed most commonly; obesity and other meta-
bolic disorders were also documented. The high preva-
lence of non-insulin-dependent diabetes in our population
is consistent with systematic reviews and meta-analyses,
which have reported that diabetes is associated with an
increased risk of HCC [5, 24].
The German statutory health system included detailed

real-life cost data, which allowed us to estimate costs for
the target population from the perspective of the public
healthcare provider. The mean total estimated healthcare
costs accrued by the target population in the first year
after sorafenib were €11,152 per patient. Mean monthly
costs generally decreased over this time, which suggests
that patients received more treatments and healthcare in
the first few months following sorafenib therapy. For
patients who were still alive at the end of the observa-
tion period (subgroup #4), mean total costs per patient
for the first year after sorafenib discontinuation were
€15,818, which were accounted for mainly by inpatient
care (hospital stays) (€6272) and prescriptions (€8026).
In patients who died during the observation period (sub-
group #3) and likely were alive for a shorter period than
patients in subgroup #4, total costs over the same time-
frame were predictably lower (€9542), with inpatient
care (€6556) accounting for most of the total. No costs
relating to sick pay or inability to work were reported,
possibly because most patients were retired and would
have been receiving pension funds.
At the time of these analyses, no second-line therapies

were approved for patients with HCC, representing an
unmet need for patients who progress on sorafenib
treatment. However, based on positive trial results,

Table 3 Resource use and costs for patients with HCC potentially eligible for second-line therapya

Variable Subgroup #3b Subgroup #4c Subgroup #3 and #4

[n = 87] [n = 30] [n = 117]

Utilisation, n (SD) Cost per patient (€) Utilisation, n (SD) Cost per patient (€) Utilisation, n (SD) Cost per patient (€)

Hospital cared 1.86 (2.37) 6556.25 1.30 (1.58) 6271.95 1.72 (2.20) 6483.36

Outpatient visits 19.05 (19.43) 862.54 26.77 (23.11) 789.69 21.03 (20.61) 843.86

Outpatient prescriptions 24.94 (24.41) 1451.77 27.90 (27.56) 8025.81 25.70 (25.17) 3137.42

Other benefitse 5.60 (6.75) 671.12 5.37 (11.12) 730.96 5.54 (8.04) 686.46

Remedies 0.03 (0.18) 0.64 0.00 (0.00) 0.00 0.03 (0.16) 0.48

Total – 9542.32 – 15,818.41 – 11,151.58

Data are presented as mean (standard deviation, SD) values
HCC hepatocellular carcinoma
aResource utilisation and costs in the 12 months after the end of sorafenib treatment
bPatients who died within the observation period but not under sorafenib therapy (i.e. more than 70 days between the last sorafenib prescription and death)
cPatients who were still alive at the end of the observation period and at least 70 days passed between the last prescription of sorafenib and the end of the
observation period
dCosts include all hospital-related costs – admissions and ambulatory treatments in hospital
eAdditional benefits paid by the German statutory health insurance (e.g. statutory pension fund benefits, therapeutic appliances, travelling costs, nursing care
benefits, home healthcare)

Fig. 2 Monthly costsa for patients with HCC previously treated with
sorafenib (subgroups #3b and #4c). aAt values reported for each
index year 2012 to 2014; all patients who were insured for at least
one day in the corresponding month contributed to costs. bPatients
who died within the observation period but not under sorafenib
therapy (i.e. more than 70 days between the last sorafenib
prescription and death). cPatients who were still alive at the end of
the observation period and for whom at least 70 days had passed
between the last prescription of sorafenib and the end of the
observation period. HCC hepatocellular carcinoma

Clouth et al. Health Economics Review            (2018) 8:18 Page 8 of 10



regorafenib (RESORCE trial [25]) was approved in both
Europe and the USA in 2017, and nivolumab (Check-
Mate-040 trial [26]) was approved in the USA in 2017, for
the second-line treatment of patients with HCC who had
previously received sorafenib. In addition, a survival bene-
fit versus placebo has been reported for ramucirumab fol-
lowing first-line treatment with sorafenib in patients with
advanced HCC and elevated baseline alpha-fetoprotein
levels (REACH-2 [27]) and for cabozantinib in patients
with advanced HCC previously treated with sorafenib
(CELESTIAL [28]). All studies evaluating potential
second-line therapies had stringent inclusion criteria re-
garding adequate organ function, including liver function,
and performance status. In the RESORCE trial, patients
were also required to have documented radiographic pro-
gression and to have tolerated sorafenib [25]. These cri-
teria, if applied in clinical practice, would likely limit the
target population for second-line treatment.

Limitations
The present study had several limitations, including the
retrospective nature of the study design, the relatively
small study sample and the limited medical information
available from the database (e.g. information was not
available on disease staging or treatment failure). For
this reason, we needed to use an explorative approach to
identify potential candidates for second-line therapy
from the overall study population. In addition, data were
not available concerning the status of patients with re-
spect to their performance status and organ functioning.
Because potential second-line therapies have only been
evaluated in patients for whom these clinical factors
were adequate, the numbers of patients eligible for
post-sorafenib therapy may be lower than estimated.
Our study sample was derived from the BKK health
insurance scheme and included > 3 million persons in-
sured with company health insurance in each index year.
Although our source sample (the BKK database) was
only ~ 5% of the total statutory healthcare population in
Germany in 2013, basic demographic data suggested it
was representative of the total insured population. Cost
estimates may have had a slight downward bias because
of incomplete coverage of services and incomplete cost
data for ambulatory care. However, only about 5% of
treatments charged in ambulatory care could not be
linked with costs. A lack of more specific data meant we
assumed sorafenib was used as first-line treatment, even
though it appears cytotoxic chemotherapy was given
instead in a few cases (2%).

Conclusion
From a payer’s perspective in Germany, we estimate that
approximately 893–1390 publicly insured patients with
advanced HCC are potential candidates for second-line

post-sorafenib therapy annually. The estimated total
healthcare costs for this patient group are approximately
€9500–16,000 per patient in the first year after complet-
ing sorafenib treatment. Hospital stays are the main con-
tributing factor to these costs. These estimated costs will
help decision makers determine the potential budgetary
impact of new second-line therapies for advanced HCC.

Additional files

Additional file 1: Table S1. Age and sex data on the pool of data from
the German statutory health system and our study sample in 2013.
(DOCX 19 kb)

Additional file 2: Supplementary information Exploratory analyses used
to identify patients who failed sorafenib therapy. (DOCX 20 kb)

Abbreviations
ACE: Angiotensin-converting enzyme; ATC: Anatomical therapeutic chemical;
BCLC: Barcelona Clinic Liver Cancer; BKK: Betriebskrankenkasse; CI: Confidence
interval; GKV: Gesetzliche Krankenversicherung; HCC: Hepatocellular
carcinoma; ICD-10: International Classification of Diseases and Related Health
Problems, tenth revision; SD: Standard deviation

Acknowledgements
Raw anonymised data for these analyses were obtained from the German
Betriebskrankenkasse (BKK) health insurance scheme.
The authors would like to acknowledge Rx Communications (Mold, UK) for
medical writing assistance with the preparation of this article, funded by Eli
Lilly and Company.

Funding
This work was supported by Eli Lilly and Company, who played a role in the
design of the study; collection, analysis and interpretation of the data; and
preparation, review, and approval of the manuscript.

Availability of data and materials
The data analysed are subject to national data protection laws and are only
available upon formal request. The responsible contact person is Dr. Heiko
Friedel, Leader of the Health Outcome Research and Health Economics
Department, Team Gesundheit GmbH, 45,128 Essen, Germany. All data were
anonymised and prepared in accordance with a confirmed data privacy
concept. The cooperating sickness funds agreed upon temporary
preparation and storage of their data for this purpose. Access to this data by
other parties is not permitted.

Authors’ contributions
JC, AML, GM and HF were involved in the conception and design of the
work. JC, HF, MB and EG-P were involved in the acquisition of data for the
work, and MB and EG-P analysed the data. JC, AML and JT interpreted the
data for the work. All authors critically revised the manuscript for important
intellectual content. All authors read and approved the final manuscript.

Competing interests
Johannes Clouth and Astra M Liepa are employees and stockholders of Eli
Lilly and Company. Jörg Trojan has received consulting fees from Eli Lilly and
Company, Bayer HealthCare and Bristol-Myers Squibb. Guido Moeser works
for masem research institute GmbH, which received consulting fees from Eli
Lilly and Company as well as from other healthcare companies. Heiko Friedel
was responsible for the analysis and was paid by Eli Lilly and Company. Elena
Garal-Pantaler and Magdalena Bernzen performed the analyses and were
paid by Eli Lilly and Company.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Clouth et al. Health Economics Review            (2018) 8:18 Page 9 of 10

https://doi.org/10.1186/s13561-018-0199-1
https://doi.org/10.1186/s13561-018-0199-1


Author details
1Medical Affairs, Lilly Deutschland GmbH, Werner-Reimers-Str. 2-4, 61352 Bad
Homburg, Germany. 2Eli Lilly and Company, Lilly Corporate Center,
Indianapolis, IN 46285, USA. 3masem Research Institute GmbH, Unter den
Eichen 5/G, D-65195 Wiesbaden, Germany. 4Team Gesundheit GmbH,
Rellinghauser Straße 93, 45128 Essen, Germany. 5Universitätsklinikum
Frankfurt, Medizinische Klinik 1, Theodor-Stern-Kai 7, 60590 Frankfurt,
Germany.

Received: 7 December 2017 Accepted: 10 August 2018

References
1. GLOBOCAN fact sheets. International Agency for Research on Cancer. 2012.

http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx. Accessed June 2014.
2. International Agency for Research on Cancer (IARC). Pathology and genetics

of tumours of the digestive system. In: Hamilton SR, Aaltonen LA, editors.
World Health Organisation Classification of Tumours. Lyon: IARC Press; 2000.
http://publications.iarc.fr/_publications/media/download/1434/
ba29d0c2989141bdd262de18f557c0a402a965df.pdf.

3. Perz JF, Armstrong GL, Farrington LA, et al. The contributions of hepatitis B
virus and hepatitis C virus infections to cirrhosis and primary liver cancer
worldwide. J Hepatol. 2006;45:529–38.

4. El-Serag HB. Epidemiology of viral hepatitis and hepatocellular carcinoma.
Gastroenterology. 2012;42:1264–73. e1

5. El-Serag HB, Hampel H, Javadi F. The association between diabetes and
hepatocellular carcinoma: a systematic review of epidemiologic evidence.
Clin Gastroenterol Hepatol. 2006;4:369–80.

6. Ertle J, Dechêne A, Sowa J-P, et al. Non-alcoholic fatty liver disease
progresses to hepatocellular carcinoma in the absence of apparent cirrhosis.
Int J Cancer. 2011;128:2436–43.

7. Paradis V, Zalinski S, Chelbi E, et al. Hepatocellular carcinomas in patients
with metabolic syndrome often develop without significant liver fibrosis: a
pathological analysis. Hepatology. 2009;49:851–9.

8. El-Serag HB. Hepatocellular carcinoma. N Engl J Med. 2011;365:1118–27.
9. Bericht zum Krebsgeschehen in Deutschland 2016. Berlin: Robert Koch

Institut; 2016. http://www.krebsdaten.de/Krebs/DE/Content/Publikationen/
Krebsgeschehen/Krebsgeschehen_download.pdf?__blob=publicationFile.
Accessed May 2017.

10. European Association for the Study of the Liver, European Organisation for
Research and Treatment of Cancer. EASL–EORTC clinical practice guidelines:
management of hepatocellular carcinoma. J Hepatol. 2012;56:908–43.

11. Bruix J, Sherman M, American Association for the Study of Liver Diseases.
Management of hepatocellular carcinoma: an update. Hepatology. 2011;
53:1020–2.

12. Verslype C, Rosmorduc O, Rougier P, ESMO Guidelines Working Group.
Hepatocellular carcinoma: ESMO-ESDO clinical practice guidelines for
diagnosis, treatment and follow-up. Ann Oncol. 2012;23(Suppl 7):vii41–8.

13. Federal Ministry of Health. The act on the reform of the market for
medicinal products (Gesetz zur Neuordnung des Arzneimittelmarktes). 2011.
https://www.bundesgesundheitsministerium.de/?id=1017. Accessed June
2014.

14. Bayer Pharma AG. Nexavar. Summary of product characteristics. http://www.
ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_
Information/human/000690/WC500027704.pdf. Accessed Jul 2017.

15. Robert Koch Institut und der Gesellschaft der epidemiologischen
Krebsregister in Deutschland e. V. Krebs in Deutschland 2011/2012. Berlin:
Robert Koch-Institut; 10 Ausgabe, 2015.http://www.gekid.de/Doc/krebs_in_
deutschland_2015.pdf. Accessed Mar 2017.

16. Bonita R, Beaglehole R, Kjellström T. Basic epidemiology. 2nd ed. Geneva:
World Health Organisation; 2006.

17. Friedel H, Clouth J, Brück P, Nicolay C, Garal-Pantaler E, Moeser G, Liepa AM,
Taipale KL, Kiiskinen U. A retrospective observational study of the
epidemiology of advanced gastric cancer in Germany. An analysis of health
insurance data from a central database. Gesundh Ökon Qual Manag. 2015;
20:108–13.

18. Marquardt JU, Andersen JB, Thorgeirsson SS. Functional and genetic
deconstruction of the cellular origin in liver cancer. Nat Rev Cancer. 2015;15:
653–67. https://doi.org/10.1038/nrc4017.

19. Destatis Statistisches Bundesamt. Population based on the 2011
census https://www.destatis.de/EN/FactsFigures/SocietyState/

Population/CurrentPopulation/Tables/Census_SexAndCitizenship.html.
Accessed Jul 2017.

20. eurostat. Bevolkerung am 1. Januar http://ec.europa.eu/eurostat/tgm/table.
do?tab=table&init=1&language=de&pcode=tps00001&plugin=1. Accessed
Jul 2017.

21. Federal Health Reporting – joint service by RKI and destatis. Number of
members and jointly insured family members of the statutory health
insurance on July 1st of the respective year. http://www.gbe-bund.de/
oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.
isgbetol/xs_start_neu/&p_aid=3&p_aid=30570531&nummer=249&p_
sprache=D&p_indsp=-&p_aid=31712643. Accessed Aug 2017.

22. Muir CS, Waterhouse J, Mack T, Powell J, Whelan SL. Cancer incidence in five
continents volume V. IARC scientific publication no. 88. Lyon: IARC; 1987.

23. Parkin DM, Muir CS, Whelan SL, Gao YT, Ferlay J, Powell J. Cancer incidence in
five continents volume VI. IARC scientific publication no. 120. Lyon: IARC; 1992.

24. Wang P, Kang D, Cao W, et al. Diabetes mellitus and risk of hepatocellular
carcinoma: a systematic review and meta-analysis. Diabetes Metab Res Rev.
2012;28:109–22.

25. Bruix J, Qin S, Merle P, et al. RESORCE investigators. Regorafenib for patients
with hepatocellular carcinoma who progressed on sorafenib treatment
(RESORCE): a randomised, double-blind, placebo-controlled, phase 3 trial.
Lancet. 2017;389:56–66.

26. El-Khoueiry AB, Sangro B, Yau T, et al. Nivolumab in patients with advanced
hepatocellular carcinoma (CheckMate 040): an open-label, non-comparative,
phase 1/2 dose escalation and expansion trial. Lancet. 2017;389:2492–502.

27. Zhu AX, Kang Y-K, Yen C-J, et al. REACH-2: A randomized, double-blind,
placebo-controlled phase 3 study of ramucirumab versus placebo as
second-line treatment in patients with advanced hepatocellular carcinoma
(HCC) and elevated baseline alpha-fetoprotein (AFP) following first-line
sorafenib. J Clin Oncol. 2018;36(suppl 15):4003.

28. Abou-Alfa GK, Meyer T, Cheng A-L, et al. Cabozantinib versus placebo in
patients with advanced hepatocellular carcinoma who have received prior
sorafenib: Results from the randomized phase III CELESTIAL trial. 2018
Gastrointestinal Cancers Symposium. Abstract 207. Presented January 2018.

Clouth et al. Health Economics Review            (2018) 8:18 Page 10 of 10

http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx
http://publications.iarc.fr/_publications/media/download/1434/ba29d0c2989141bdd262de18f557c0a402a965df.pdf
http://publications.iarc.fr/_publications/media/download/1434/ba29d0c2989141bdd262de18f557c0a402a965df.pdf
http://www.krebsdaten.de/Krebs/DE/Content/Publikationen/Krebsgeschehen/Krebsgeschehen_download.pdf?__blob=publicationFile
http://www.krebsdaten.de/Krebs/DE/Content/Publikationen/Krebsgeschehen/Krebsgeschehen_download.pdf?__blob=publicationFile
https://www.bundesgesundheitsministerium.de/?id=1017
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000690/WC500027704.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000690/WC500027704.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000690/WC500027704.pdf
http://www.gekid.de/Doc/krebs_in_deutschland_2015.pdf
http://www.gekid.de/Doc/krebs_in_deutschland_2015.pdf
https://doi.org/10.1038/nrc4017
https://www.destatis.de/EN/FactsFigures/SocietyState/Population/CurrentPopulation/Tables/Census_SexAndCitizenship.html
https://www.destatis.de/EN/FactsFigures/SocietyState/Population/CurrentPopulation/Tables/Census_SexAndCitizenship.html
http://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=de&pcode=tps00001&plugin=1
http://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=de&pcode=tps00001&plugin=1
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_start_neu/&p_aid=3&p_aid=30570531&nummer=249&p_sprache=D&p_indsp=-&p_aid=31712643
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_start_neu/&p_aid=3&p_aid=30570531&nummer=249&p_sprache=D&p_indsp=-&p_aid=31712643
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_start_neu/&p_aid=3&p_aid=30570531&nummer=249&p_sprache=D&p_indsp=-&p_aid=31712643
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_start_neu/&p_aid=3&p_aid=30570531&nummer=249&p_sprache=D&p_indsp=-&p_aid=31712643

	Abstract
	Objective
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and data source
	Identification of the target populations
	Data collection
	Data analysis

	Results
	Incidence and prevalence
	Post-sorafenib follow-up analysis
	Target population
	Resource utilisation and costs


	Discussion
	Limitations

	Conclusion
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Publisher’s Note
	Author details
	References

