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Metastatic melanoma; implementing new agents for metastatic melanoma are important to supplement model-based
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Health economic Materials and methods: All patients registered in the Danish Metastatic Melanoma Database
analysis; (DAMMED) and the National Patient Registry in 2007-2011 were compared to 2012-2016
Productivity costs; after the implementation of checkpoint inhibitors and targeted therapy. Health care costs,
Immune checkpoint- social transfer income (STI), and loss of productivity were calculated with a 2-step one model
inhibitor; generalised linear regression (GLM) model. Medicine costs were calculated separately.
Targeted therapy; Results: In 2007-2011, 70 (15%) out of 464 patients were long-term survivors compared to
Nation-wide cohort 347 (32%) out of 1089 patients in 2012-2016. Total health care costs per patient year were

significantly lower in the first treatment year (€41.457 versus €60.547, relative change (RC)
0.72, 95% confidence interval (CI) 0.56-0.94, p = 0.015) and without significant difference the
second year in 2012-2016 compared to 2007-2011. Medicine costs per patient year increased
the first (€85.464 versus €26.339, RC 3.39, 95% CI 2.61-4.41, p < 0.001) and the second
(€26.464 versus €11.150, RC 2.59, 95% CI 1.98-3.40, p < 0.001) year in 2012-2016 compared
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to 2007-2011. Productivity increased for long-term survivors in 2012-2016 in contrast to

2007-2011.

Conclusion: Implementation of targeted therapy and checkpoint-inhibitors has increased
medicine costs more than three-fold for long-term survivors. Total health care costs excluding
medicine costs were significantly lower for long-term survivors the first and without change
the second treatment year in 2012-2016 compared to 2007-2011. However, the number of
treated patients increased which leads to an increase in overall total health care costs.
Importantly, productivity increased for long-term survivors in 2012-2016.

© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC 4.0 (http://creativecommons.org/licenses/by-nc/4.0/).

1. Introduction

Malignant melanoma (MM) is an aggressive cancer
disease with an increasing incidence-rate worldwide [1].
Up till 2011, only palliative chemotherapy or for se-
lected patients cytokine-based immunotherapy was
standard-of-care treatment resulting in a dismal median
overall survival (OS) of 6 months [2]. The CTLA-4 in-
hibitor Ipilimumab was the first immune checkpoint-
inhibitor (ICI) to be approved by the European Medical
Agency and the United States Food and Drug Agency
in 2011. Treatment with a PD-1 inhibitor was approved
and implemented in routine practice in 2016 while the
first BRAF-inhibitor was approved in 2011 and MEK-
inhibitor in 2013. All drugs have shown efficacy in MM
[3-9] but results cannot be completely transferred to
real-life patient populations due to comorbidity and
poor performance status (PS). Yet, we demonstrated in
an earlier study that the implementation of ICI as
standard-of-care treatment has led to improved out-
comes in a nationwide cohort of real-life patients [10].
Median OS increased from 8.3 months in 2008-2011 to
11.3 months in 2012-2016 and the proportion of long-
term survivors above 3 and 5 years doubled.

The downside is the medicine cost which challenges
health care (HC) systems around the world. Medicine
costs are estimated to account for 80-90% of total HC
costs [11]. Most health economic cost analyses are
model-based analyses generated from clinical trial data
or selected patient populations. Cost-effectiveness cal-
culation from prospective clinical studies is the norm
but lacks long-term follow-up as the real benefit from
ICI is the durability of response and potential long-term
survival [12].

Many factors influence treatment choice in real-life
patients such as PS, disease burden, and comorbidity,
and as indicated in our previous study some patients
obtain long-term survival in later treatment lines. This is
not reflected in health economic analyses focusing on a
single treatment line or agent. Other factors such as fi-
nancial impact for the patient and the society or the
ability to return to work are rarely reported. It is
therefore critical to evaluate the economic influence
on the whole treatment course to fully comprehend
the socioeconomic consequences of implementing an

expensive but effective new treatment paradigm for a
nation-wide cohort of patients with MM. We analysed
costs related to the patient’s whole treatment course as
well as socioeconomic costs related to loss of income.

2. Materials and methods

All Danish patients starting first-line treatment between
Ist January 2007 to 31st December 2016 were identified
in the nationwide Danish Metastatic Melanoma
Database (DAMMED). The database covers more than
95% of patients with MM and contains data on baseline
characteristics, treatment type, response, reason for
treatment cessation, date of progression, and death.

Civil registration numbers were used to extract
anonymous data from the National Patient Registry
(NPR). NPR contains information on all inpatient and
outpatient contact with somatic, psychiatric, and private
hospitals in Denmark. All patients from the DAMMED
database were included in this registry study if they were
registered in NPR with an International Classification
of Diseases 10 (ICD-10) diagnose code C43 for MM and
a procedure code for systemic therapy with temozolo-
mide, dacarbazine, interleukin-2, interferon-alpha, ve-
murafenib, dabrafenib, trametinib, encorafenib,
cobimetinib, binimetinib, ipilimumab, pembrolizumab,
nivolumab or dendritic cell vaccination.

A cut-off between 2007-2011 and 2012-2016 was chosen
as ipilimumab was generally implemented in routine prac-
tice in 2012. Patients from 2007 to 2011 were excluded if
they survived into 2012-2016 and received ICI or targeted
therapy (TT). Patients surviving above 3 years after treat-
ment initiation were registered as long-term survivors. Costs
for all patients were also analysed.

A control cohort to each treatment cohort was estab-
lished by randomly selecting persons from the civil regis-
tration system in a 1:4 patient-to-control ratio according
to age, gender, civil status, and place of residence.

2.1. Costs estimates

Costs were divided in HC and productivity costs in
2007-2011 compared to 2012-2016. Costs were mea-
sured per patient year to avoid underestimation of costs
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due to high mortality. A two-year follow-up period were
chosen to approach a lifetime horizon and adjusted to
2018 prices. Costs were measured in Danish kroner
(DKK) and converted to euros (€1: DKK 7.44).
Analyses were made from a societal/government per-
spective. Discounting was omitted as median OS was
less than a year.

2.2. Health care costs

HC costs represent the value of resources used on
therapy, care, and rehabilitation in the primary and
secondary HC sectors. The NPR is the basis for calcu-
lating HC costs through Diagnoses Related Group
(DRG) and Danish Ambulatory Group System
(DAGSY) tariffs excluding detailed anti-neoplastic med-
icine costs. All tariffs are available through the Danish
Health Authority’s homepage [13,14]. The calculated
HC costs covers all costs in the primary HC sector,
prescription medicine, outpatient and inpatient costs
related to their cancer diagnosis and to all comorbid
conditions. The hospital receives reimbursement from
the government based on each patient’s individual
combination of DRG and DAGS tariffs related to each
patient diagnose and procedures performed under every
out- and inpatient visit.

Anti-neoplastic medicine is provided free of charge
for the patients and some medicine costs are therefore
included in the DRG and DAGS tariffs. However, the
DRG and DAGS tariffs cover an average out/inpatient
visit with regards to diagnose, procedure, and visit but
costs of TT or ICI are highly underestimated. Medicine
costs were therefore calculated separately. Prices were
obtained from the national procurement service
(Amgros) if disclosed. Some anti-neoplastic treatment
prices have not been disclosed and insights to these
prices were given in discretion to do this analysis under
the guarantee that they remained undisclosed.

Costs for prescription medicine were obtained from the
pharmaceutical database registry (Lagemiddeldatabasen)
[15] while primary care costs according to use and fre-
quency were obtained through the registry for health in-
surance (Sygesikringsregisteret) [16].

2.3. Productivity costs

Productivity costs represent the value of resources lost
due to disease-related work disability and premature
mortality. We assessed income from employment status
and loss of productivity due to disease-related work
disability for patients between 18 and 64 (retirement
age) years of age. Employment status, income, and so-
cial transfer income (STI) were extracted from the
Danish income registry [17].

STI can be divided into temporary and permanent
benefits. The temporary STI consists of unemployment
benefits, social security benefits, and sick pay. The

permanent STI consists of age-, disability-, and early
retirement pension. All are registered in the Danish in-
come registry. They are derived from public assets and
represent financial support from the taxpayers to the
recipient but they do not represent a net increase in
society’s resources and were therefore not included in
productivity costs.

3. Statistical analysis

In the total HC cost and income analyses for each
treatment period we used a 2-step one model generalised
linear regression (GLM) model with a gamma dis-
tribution and link=log to estimate the difference in cost
and income between case and control groups. The same
2-step one model GLM regression model was used in
the total HC cost and income analysis estimating the
difference between the 2 treatment groups and in the
detailed medicine cost analysis where patients were
compared between 2012-2016 and 2007-2011 (reference
in model). In the case versus case models, we also ad-
justed for age and gender. Estimates for age and gender
are not reported. The 2-step one model regression was
used since we are estimating cost (continuous variables)
and also have null value in the response variable (no
inpatient cost) [18].

OS was calculated with the Kaplan-Meier method
and follow-up with the reverse Kaplan-Meier method.
Survival was censored at end-of-study.

A significance level of 5% (p < 0.05) was chosen as
statistically significant.

Statistical analysis was performed using SAS 9.4 TS
Level IMS (SAS, Inc., Cary, NC, USA).

4. Results

Eighteen-hundred-and-seventy-seven patients were re-
gistered as receiving systemic therapy for MM in the
DAMMED database between 1st January 2007 and 31st
December 2016. However, 324 patients were omitted
from the analyses as they were not sufficiently registered
in the NPR (For flowsheet see Fig. 1). In 2007-2011, 464
patients received treatment compared to 1089 patients
in 2012-2016 (Table 1). 70 (15%) and 347 (32%) patients
were long-term survivors in 2007-2011 and 2012-2016,
respectively. In 2012-2016 compared to 2007-2011, a
higher number of patients received several lines of
therapy both among long-term survivors and for all
patients (for distribution see Fig. 2). Median OS and
follow-up for all patients were 7 and 111 months in
2007-2011 and 11 and 52 months in 2012-2016, re-
spectively.

4.1. Health care costs

For long-term survivors, medicine costs per patient year
in 2012-2016 were more than three times higher
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1877 patients were registered in DAMMED
database for treatment of metastatic
melanoma between 2007 and 2016

18 patients could not be found in NPR <

A 4

1859 were registered in NPR with the ICD-10
diagnose code DC43 for malignant melanoma

15 patients were dead before treatment

A

start in NPR

v

1844 patients were alive and registered in both
DAMMED and NPR

169 patients were without a match for | ¢

treatment in DAMMED and NPR

A 4

1675 patients had a treatment match in both
DAMMED and NPR database

122 survived from 2007-2011 into

A

2012-2016 and received checkpoint-
inhibitor or targeted therapy

\ 4

1553 patients were included in the final study

population

//\

2007-2011
464 patients

2012-2016
1089 patients

Fig. 1. Flowsheet. DAMMED = Danish Metastatic Melanoma Database; NPR = National Patient Registry.

(€85.464 versus €26.339, relative change (RC) 3.39, 95%
confidence interval (CI) 2.61-4.41, p < 0.001) the first
year and more than doubled (€26.464 versus €11.150,
RC 2.59, 95% CI 1.98-3.40, p < 0.001) the second year
after initiating treatment compared to 2007-2011
(Table 2a). In 2012-2016, separately calculated costs of
TT and ICI the first treatment year were €10.379 and
€67.109 per patient year, respectively. In the second
year, costs of ICI dropped considerably to €14.350 while
costs of TT remained at the same level. For all patients,
costs followed a similar pattern with four- and three-
times higher medicine costs in the first, and second year,
respectively (Table 2b).

Total HC costs (excluding medicine costs) per patient
year were significantly lower (€41.457 versus €60.547,
RC 0.72, 95% CI 0.56-0.94, p = 0.015) the first year for
long-term survivors in 2012-2016 compared to in
2007-2011 (Table 3). This was due to significantly lower
inpatient costs (€11.965 versus €48.846, RC 0.29, 95%
CI 0.22-0.38, p < 0.001) despite significantly higher
outpatient costs (€28.557 versus €10.530, RC 2.74, 95%
CI 2.11-3.54, p < 0.001) in 2012-2016 compared to
2007-2011. In the second year, total HC costs were not
significantly different but fell to €26.645 per patient year
in 2012-2016 compared to €24.584 in 2007-2011. There
was no difference in total HC costs between the two
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Table 1
Patient characteristics.
Longterm survivors® All patients
2007-2011 2012-2016 p value 2007-2011 2012-2016 p value
Number of patients (%) 70 (15%) 347 (32) 464 1089
Male sex (%) 40 (57) 187 (54) 0.618 284 (61) 624 (57) 0.153
Married (%) 58 (83) 248 (72) 0.049 342 (74) 764 (70) 0.157
Mean age® (SD) 56 (11) 62 (13) 60 (13) 63 (13)
Age® (%) 0.027 0.003
<39 5(7) 23(7) 35(8) 62 (6)
40-49 17 (24) 43 (12) 54 (12) 134 (12)
50-59 16 (23) 62 (18) 95 (21) 188 (17)
60-69 21 (30) 113 (33) 167 (36) 342 (31)
70-79 11 (16) 87 (25) 96 (21) 274 (25)
> =80 <5 19 (6) 17 (4) 89 (8)
M-stage 0.257 0.315
Mla 24 (34) 93 (27) 58 (13) 162 (15)
Milb 12 (17) 63 (18) 55(12) 130 (12)
Milc 33 (47) 161 (46) 257 (55) 574 (53)
Ml1d <5 27 (8) 89 (19) 197 (18)
Treatment lines 0.002 <0.001
1 40 (57) 115 (33) 368 (79) 522 (48)
2 14 (20) 105 (30) 78 (17) 307 (28)
3 9(13) 59 (17) 11 (2) 159 (15)
4 7(10) 68 (20) 7(2) 101 (9)
SD - Standard deviation
% Qverall survial > 3 years.
® At treatment start.
100
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Fig. 2. Distribution of treatment regime.

periods prior to treatment start. A similar pattern was
seen for all patients though costs were numerically
higher (Supplementary table 1).

4.2. Productivity costs and social transfer income

Income was not significantly different from their control
groups except for the second year of treatment in

2007-2011 where the income for long-term survivors
were significantly lower (Table 4a,b). Between
2007-2011 and 2012-2016, income from employment
for long-term survivors was not significantly different
before treatment initiation (Table 3). Difference in in-
come could not be estimated in the first treatment year
as there were only few patients in the 2007-2011 cohort
and many were without income from employment in
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Table 2a

Mean medicine costs (euros) per patient year for longterm survivors (> 3 years) with metastatic melanoma.

First treatment year

Second treatment year

2007-2011  2012-2016 RC®

95% CI p value 2007-2011 2012-2016 RC" 95% CI p value
Patient years 70 347 70 347
Anti-neoplastic medicine
Chemotherapy 1.112 305 0.43 0.32-0.57 <0.001 683 114 0.17 0.13-0.22 <0.001
Cytokines 23.214 6.333 032 0.25-041 <0.001 1.013 816 093 0.70-1.22 0.577
Targeted therapy 0 10.379 n.a. 0 10.047 n.a.
Immune checkpoint inhibitors 67.109 n.a. 0 14.350 n.a.
Other anti-neoplastic therapy  2.013 1.338 0.67 0.52-0.87 0.002 9.455 1.136 0.04 0.03-0.05 <0.001
Total medicine costs 26.339 85.464 3.39 261441 <0.001 11.150 26.464 2.59  1.98-3.40 <0.001

RC=Relative change for 2007-2011 compared to 2012-2016; n.a.=not applicable; CI=Confidence interval.
% A 2-step generalised linear regression model with gamma distribution and link=log is used to control forage, gender and marital status.

Table 2b

Mean medicine costs (euros) per patient year for all patients with metastatic melanoma.

First treatment year

Second treatment year

2007-2011 2012-2016 RC* 95% CI p value* 2007-2011 2012-2016 RC" 95% CI p value®
Patient years 282 779 97 419
Anti-neoplastic medicine
Chemotherapy 2.932 1.109 0.32  0.28-0.37 <0.001 1011 301 0.31 0.25-0.383 <0.001
Cytokines 14.838 5.431 0.37 0.32-042 <0.001 748 778 1.23  0.97-1.55 0.083
Targeted therapy 0 19.938 n.a. 0 12.006 n.a.
Immune checkpoint inhibitors 0 60.362 n.a. 0 14.002 n.a.
Other anti-neoplastic therapy  2.473 1.513 0.58 0.50-0.66 <0.001 7.407 1.285 0.06 0.05-0.08 <0.001
Total medicine costs 20.243 88.353 4.64 4.04-532 <0.001 9.166 28.373 3.39  2.69-4.27 <0.001

RC=Relative change for 2007-2011 compared to 2012-2016; n.a.=not applicable; CI=Confidence interval.
# A 2-step generalised linear regression model with gamma distribution and link=log is used to control for age, gender and marital status.

that period but it was significantly higher in the second
year in 2012-2016 compared to 2007-2011.

STI was not significantly different between long-term
survivors and controls neither before nor after treat-
ment initiation in 2012-2016 (Table 4a,b). Almost si-
milar was observed in 2007-2011 except STI increased
significantly for long-term survivors in the second
treatment year. Over time in 2007-2011, long-term
survivors got higher sick pay and disability pension
explaining the increase in STI the second treatment year.
In 2012-2016, a similar tendency was observed for long-
term survivors though STI remained unchanged.

Between 2007-2011 and 2012-2016, there was no
significant difference in STI after treatment initiation,
but a significantly lower sick pay and early retirement
pension was observed together with a tendency towards
higher disability pension in the latter period (Table 3).
Age pension was generally higher in 2012-2016 com-
pared to 2007-2011 as long-term survivors were older in
the 2012-2016 cohort. Some of the social transfer sub-
sections could not be compared due to low numbers.

In 2007-2011, productivity cost (foregone earnings)
per patient year kept increasing for long-term survivors
from €509 before treatment start to €2.470 and €9.133
the first, and second treatment year, respectively
(Table 2). In 2012-2016, productivity costs fell from
€2.048 before treatment start to €1.328 and €856 the

first, and second treatment year, respectively. This in-
dicates a drop in productivity in 2007-2011 while pro-
ductivity increased in 2012-2016 for long-term
survivors. The same tendency was not observed for all
patients in 2012-2016.

5. Discussion

In this present study, we are the first to report total HC
and productivity costs of long-term survivors based on a
national cohort of real-life patients with MM. We de-
monstrated that total HC costs per patient year were
reduced significantly in the first and unchanged in the
second treatment year after implementation of new anti-
neoplastic medicine such as TT and ICI. Total HC costs
for long-term survivors were numerically lower than for
all patients which is expected as mean hospital admis-
sions and length of admission have been higher for the
post-progression-state as well as a higher number of
patients gets admitted after progression as shown in the
multinational study of ipilimumab-treated patients [19].
Even though total HC costs per patient year hasn’t in-
creased a higher number of patients were treated in
2012-2016 compared to 2007-2011. The higher number
of patients could be caused by an increase in incidence-
rate but it is uncertain if it is followed by an increase in
metastatic disease [20,21]. Possibly, better treatment
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Table 4a

Productivity costs for longterm survivors (> 3 years) with metastatic melanoma in 2007-2011. Prices are in euros per patient year.

1 year before treatment start

First treatment year

Second treatment year

Patients Controls p value Patients  Controls p value  Patients Controls p value
Income from employment 35.679 36.188 0.916 32.557 35.027 0.586 24.780 33.913 0.02
Foregone earnings 509 2.470 9.133
Social transfer income
Unemployment benefit (A-kasse) 941 553 0.001 378 391 0.684 30 543 <0.001
Social security 237 122 <0.001 125 139 0.482 82 263 <0.001
Sick pay (public funded) 487 448 0.516 1.722 325 <0.001 3.306 380 <0.001
Disability pension 460 1.475 <0.001 504 1.528 <0.001 1.297 1.424 0.452
Early retirement 1.298 1.055 0.116 2.193 1.439 0.002 1.960 1.746 0.419
Age pension 2.987 2.536 0.212 3.243 2.829 0.270 3.785 3.242 0.270
Total social transfer income 6.409 6.188 0.793 8.166 6.650 0.126 10.460 7.598 0.018
Table 4b
Productivity costs for longterm survivors (> 3 years) with metastatic melanoma in 2012-2016. Prices are in euros per patient year.

1 year before treatment start First treatment year Second treatment year

Patients Controls p value Patients  Controls p value  Patients Controls p value
Income from employment 25.743 23.694 0.167 24.298 22.970 0.346 23.206 22.350 0.518
Foregone earnings 2.048 1.328 856
Social transfer income
Unemployment benefit (A-kasse) 181 395 <0.001 102 263 <0.001 104 193 <0.001
Social security 475 353 <0.001 319 390 0.001 435 414 0.412
Sick pay (public funded) 593 261 <0.001 952 242 <0.001 1.035 141 <0.001
Disability pension 641 1.052 <0.001 829 989 0.004 1.024 908 0.042
Early retirement 960 1.069 0.075 909 1.268 <0.001 736 1.097 <0.001
Age pension 7.343 6.902 0.302 7.682 7.403 0.5 8.340 8.000 0.479
Total social transfer income 10.193 10.032 0.793 10.793 10.556 0.713 11.673 10.753 0.175

Income and public tra+A1:J28nsfers are stock variables on calendar years. Thus income and public transfers can be on both sides of the index
date. 2-step one model GLM regression model with a gamma distribution and link=log to estimate the difference in cost or income between case

and control.

options lead to more patients being referred for treat-
ment. In either case it leads to a substantial increase in
overall treatment cost for the HC providers. In Den-
mark, there is no defined limit of drug costs but cost-
effectiveness/cost-per-quality-of-life  studies together
with expected number of patients and adverse events are
taken into account by an independent medical counsel
before implementing the treatment as a standard treat-
ment option. With the anticipated change in demo-
graphic HC and medicine costs will continue to rise
unless a global effort is made towards changing how
drugs are reimbursed.

Separately calculated, costs of anti-neoplastic medi-
cine for long-term survivors increased three-fold the first
year after treatment initiation in 2012-2016 compared
to 2007-2011. The decrease in medicine costs the second
year in 2012-2016 caused by a drop in ICI costs is likely
explained by ipilimumab being limited to 4 cycles. Some
responding patients may even stop PD-1 blockage and
remain in remission while TT needs continuedly dosing
to be effective. Anti-neoplastic medicine especially ICI
was the main driver of costs with a magnitude higher
than the total HC costs.

To our knowledge, no other study has reported costs
for long-term survivors but other extensive studies of

real-life populations have been performed [11,22]. Due
to heterogeneity in patient population and methodology
(trial-based, modelling studies or retrospective cohorts)
[23] it is difficult to compare costs across studies. Bar-
bieri et al examined the intercountry variability between
cost-effectiveness studies in Western Europe and found
that variability was mostly due to varying parameters
such as difference in efficacy, inpatient costs, medicine
costs or resource use [24].

Most economic HC cost analyses are model-based
which incorporate data from clinical trials. They
provide a comparison often to standard-of-care
treatment and an estimate for future costs or if
available incremental cost per life year gained to HC
providers prior to local use. However, treating real-
life patients are often more complex as the majority of
patients with MM do not resemble clinical trial pa-
tients [25] and real-life data are required to fully un-
derstand cost implications. In our study, we focused
on a patient’s whole treatment course instead of only
one treatment line or type. If focus is only on one
treatment type or line, we risk omitting patients who
obtain long-term survival on a subsequent treatment
line or patients who had to change treatment regime
due to serious adverse events.
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Surprisingly, there was no difference in income or
STI for long-term survivors in 2012-2016 compared to
their control group. This indicated together with the
drop in productivity costs over time that productivity
increased for long-term survivors in 2012-2016. Same
tendency was not observed for all patients in 2012-2016
(data not shown) as productivity costs increased after
treatment initiation. A gap in income or an increase in
STI before or after treatment initiation could have been
expected anticipating that most patients wouldn’t be
able to work due to adverse events or deteriorating PS.
Instead, we found that controls had higher disability
and early retirement pension before treatment initiation
than patients. These findings could indicate an increased
ability to remain affiliated with work and a difference in
social status towards higher income despite their match
for age, gender, marital status, and region of residence.
These data are interesting but should be interpreted with
caution as the patient populations are small.

In our study, emphasis should be put on assessing the
changes measured as relative change instead of the ac-
tual costs which should be interpreted with caution.
Even though this is one of the largest studies of health
economic analyses of patients and long-term survivors
with MM the patient numbers are general low for a
register-based study. The strength of the study is the
national-based cohort with long follow-up data, quality
registries connected by personal security numbers which
makes it possible to follow patients through their whole
treatment course with surgeries, medical treatment,
palliative care, and end of life support.

6. Conclusion

Implementation of TT and ICI has increased medicine
costs more than three-fold for long-term survivors. Total
HC costs per patient year excluding medicine costs were
significantly lower for long-term survivors the first treat-
ment year and without change the second treatment year
in 2012-2016 compared to 2007-2011. However, the
number of treated patients increased which leads to an
increase in overall total HC costs. Importantly, pro-
ductivity increased for long-term survivors in 2012-2016.
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