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Abstract

Background The Value-Based Health Care concept defines patient value as patient-relevant outcomes divided by costs. The
aim of the present study was to assess the development of systemic treatment costs over the years compared with changes in
overall survival (OS) at the level of a diagnosis of stage IV non-small cell lung cancer (NSCLC).

Methods All patients diagnosed (in 2008-2014) with stage IV NSCLC and treated with systemic treatment in six Dutch
large teaching hospitals (Santeon network) were included. We collected data on OS and amounts of drug units (milligrams)
for every drug in the applied systemic cancer treatments, until death. These amounts were multiplied by Dutch unit costs
(Euros/mg) expressed in 2018 Euros to construct total drug costs per line of treatment per patient. Costs for day care visits
were added for drugs requiring parenteral administration.

Results Data were collected from 1214 patients. Median OS and mean total drug costs showed no significant variation over
the years (p=0.437 and p=0.693, respectively). Mean total drug costs per 1 year of survival ranged from €20,665 to €26,438
during the period under study. Costs for first-line systemic treatment were significantly higher in 2011-2014 compared with
2008-2010.

Conclusion This study shows that overall drug costs were stable over the years, despite a relative increase in first-line treat-
ment costs. Median OS remained at around 8 months from year to year. These trend data are very relevant as background
for the assessment of costs and achieved outcomes in the more recent years.

overall 1-year survival rate of metastatic NSCLC (stage I'V)
in The Netherlands is only 23% [1]. Treatment options for

1 Introduction

Non-small cell lung cancer (NSCLC) comprises 73% of lung
cancer diagnoses in The Netherlands and is usually detected
after the occurrence of regional or distant metastases. The
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lung cancer have expanded in recent years with the arrival
of targeted therapies and immunotherapies. Targeted agents
for patients with epidermal growth factor receptor (EGFR)
mutations and anaplastic lymphoma kinase (ALK) rear-
rangements have proved benefits in a small number of
patients with NSCLC. More recently, immunotherapeutic
agents directed on the programmed cell death-1 (PD-1)
receptor or its ligand PD-L1 have demonstrated a broader
benefit and durable responses in NSCLC [2]. However,
concern is growing that the magnitude of the survival ben-
efit from these new anticancer therapies does not justify its
high prices [3—-6]. Moreover, the benefits of new treatments
might not be clinically meaningful to patients [7]. Kemp
and Prasad stated that in many cases there is insufficient
evidence to reliably make the assertion that treatments that
fail to improve overall survival (OS), but do improve surro-
gate outcomes, may still have meaningful clinical benefit [8].
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Key Points for Decision Makers

In contrast to previous studies, we report trends in
systemic treatment costs and the corresponding overall
survival (OS) achieved in consecutive years for patients
with stage IV non-small cell lung cancer.

Total drug costs and OS showed no significant alteration
over the years 2008-2014, despite a relative increase in
first-line treatment costs.

These data are useful as a reference point to assess the
merits of immunotherapy in terms of cost of illness and
corresponding outcomes.

Although traditional single intervention cost-effectiveness
studies based on clinical trial data are widely available [9, 10],
observational data about the actual costs and OS outcomes asso-
ciated with systemic treatment regimens for NSCLC in real-
world are still scarce. Recently published research on treatment
costs for stage [V NSCLC in real-world practice showed that
these costs were substantial, despite the fact that the median
OS benefit was poor [11]; however, follow-up time was limited
and results over the years were lacking. In particular, trend data
covering an extended period will be important as a reflection on
the development of the costs of drugs and corresponding estab-
lished outcomes informing future payer/policy decision making.

Recently, we have constructed a large real-world cohort
with highly detailed data about systemic treatments and
outcomes for patients diagnosed with stage IV NSCLC in
The Netherlands in 2008-2014 [12]. The aim of the present
study was to explore trends in systemic treatment costs for
all patients with metastasized NSCLC and the corresponding
OS achieved in consecutive years in this cohort.

2 Methods
2.1 Study Population and Drug Use

All newly diagnosed patients with stage IV NSCLC (in
2008-2014) who were treated with systemic anticancer
treatment in six large Dutch teaching hospitals (Santeon net-
work) were captured from the previously described cohort
[12]. For each patient, we extracted type of drug, dose, date
of administration, and administration route of all antican-
cer drugs, from the date of diagnosis until death, from the
Santeon Farmadatabase (SFD), which includes detailed data
about prescribed pharmacotherapy [13]. When necessary,
additional data on systemic treatments was derived from
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individual patient files. Next, for parenteral drugs, the sum
of all actual doses administered was calculated per regimen
for each individual patient. For oral drugs, the dispensed
number of units or end date and frequency were used to
calculate the total number of units applied. In case of miss-
ing values in patients receiving parenteral drugs, these were
imputed with mean values from patients with the same treat-
ment. For oral drugs, we used standard doses (e.g. erlotinib
150 mg, gefitinib 250 mg) and mean number of treatment
days per regimen in case of missing values.

2.2 Patient Outcomes

OS was calculated based on the time between the date of
treatment start and the date of death (as derived from the
Personal Records Database [BRP] of the Government of
The Netherlands). Patients still alive at 31 January 2017
(n=59; 5%) were censored. Four of these patients were
receiving active treatment at that time.

2.3 Drug Costs

Pharmacy purchase prices were extracted from the official
price list that is published by Z-index.nl BV [14] in April
in the respective years, including 6% VAT (“Appendix”). In
the case of more than one manufacturer, the lowest price per
milligram was selected. Subsequently, the pharmacy pur-
chase prices have been adjusted for inflation to reflect the
2018 price level (2018 Euros) using the general price index
as published by Statistics Netherlands [15]. Costs per patient
were calculated by multiplying the number of drugs applied
(milligrams) by cost/milligram, expressed in Euros corre-
sponding with the calendar years of drug treatment, for every
drug in the applied systemic cancer treatments, until death.

In case of parenterally administered drugs, the costs
for a day care visit were added per unique date of admin-
istration. Costs for day care visits were obtained from the
Dutch manual for costing studies [16—18] and have been
adjusted for inflation towards 2018 [15].

2.4 Statistics

Descriptive statistics were used to describe survival and
costs. Costs were expressed as mean + standard deviation
(sp), and OS as median (with 95% confidence interval), as
obtained from a Kaplan—Meier survival analysis. Overall
mean costs per year of diagnosis were calculated by dividing
the total costs from patients with that same year of diagnosis
by the total number of patients in that same year of diagnosis
who started systemic treatment. Subsequently, overall mean
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costs were subdivided into mean costs per respective line
of treatment to illustrate the relative contributions thereof
to the total drug costs of illness over the years. To do so,
the costs from that line of treatment were again divided by
the total number of patients in that same year of diagnosis
who started any systemic treatment. In addition, the absolute
mean costs per line of treatment have been calculated for the
entire cohort based on patients who actually received the
corresponding line of treatment.

The analysis covered three parts: (1) variation in costs
over the years; (2) variation in survival over the years; and
(3) variation in the ratio between costs and median survival
over the years. One-way analysis of variance (ANOVA) was
applied to assess statistically significant differences in costs,
and the log-rank test was applied to test for differences in
survival. All statistical analyses were performed in IBM
SPSS Statistics 24 (IBM Corporation, Armonk, NY, USA).
A p value <0.05 was considered statistically significant.

3 Results

Data were collected from 1214 patients with stage IV NSCLC
and systemic treatment (see Table 1 for patient characteris-
tics). The vast majority of patients (>90%) received a plati-
num-doublet or an EGFR inhibitor as first-line treatment (see
Cramer et al. [12] for administration frequencies). Of these
patients, 34% received second-line systemic treatment and
8% received further line(s) of treatment. The most prevalent
second-line treatments were docetaxel (29%), pemetrexed
(20%), and erlotinib (19%). Figure 1 shows the drug costs
per patient (mean + SD), survival curves, and ratio between
costs and median survival categorized by year of diagnosis.

Imputation of missing values was applied in 62 patients (5%).
The mean costs for first-line treatment, second-line treatment,
and overall were €12,209, €3043, and €16,116, respectively.

Mean total drug costs (including parenteral administra-
tion) per 1 year of survival ranged from €20,665 to €26,438
during the period under study. No significant difference was
found in overall mean costs over the years (p =0.693). Costs
for first-line systemic treatment were significantly higher
in 2011-2014 compared with 2008-2010 (p =0.005) [pre
and post introduction of maintenance therapy]. Median OS
remained at approximately the same value from year to year,
with a range from 7.3 to 8.7 months (log-rank test p =0.437).

4 Discussion

This study showed no significant alteration in total drug costs
and OS for patients with stage IV NSCLC over the years;
however, costs for first-line systemic treatment were higher
in 2011-2014 compared with 2008-2010. The likely expla-
nation for this increase in first-line costs is the introduction
of pemetrexed maintenance in 2011 in The Netherlands after
the publication of a randomized phase III trial of maintenance
pemetrexed versus placebo by Ciuleanu et al. [21].

To the best of our knowledge, the data presented are the
only data on drug costs and the relation with OS in meta-
static NSCLC in consecutive years in The Netherlands.

Overall, the results regarding mean costs found in our
study are in line with data from another study from The
Netherlands. van der Linden et al. reported total mean drug
costs of €4970 for stage I'V patients with first-line chemo-
therapy or targeted therapy, including costs for day care
[22]. Considering that they studied patients irrespective

Table 1 Baseline characteristics of real-world patients with metastatic non-small cell lung cancer and systemic treatment per year of diagnosis

2008 2009 2010 2011 2012 2013 2014 Overall

Subjects 122 (10) 151 (12) 172 (14) 183 (15) 195 (16) 199 (16) 192 (16) 1214 (100)
Age at diagnosis, in years 61+10 62+10 63+10 63+9 64+10 62+9 64+9 63+10
Male 71 (58) 87 (58) 104 (60) 102 (56) 101 (52) 115 (58) 111 (58) 691 (57)
Comorbidities, CCI>1 49 (40) 75 (50) 83 (48) 82 (45) 94 (48) 88 (44) 93 (48) 564 (46)
ECOG PS

0-1 101 (83) 130 (86) 125 (73) 166 (91) 152 (78) 185 (93) 165 (86) 1024 (84)

22 14 (11) 16 (11) 27 (16) 11 (6) 27 (14) 13 (7) 27 (14) 135 (11)
Missing 7 (6) 503) 20 (12) 6 () 16 (8) 1(1) 0 (0) 55(5)
Histology

Squamous 19 (16) 25 (17) 32 (19) 29 (16) 24 (12) 30 (15) 35(18) 194 (16)

Adenocarcinoma 64 (52) 81 (54) 91 (53) 124 (68) 141 (72) 136 (68) 123 (64) 760 (63)

Large cell 19 (16) 22 (15) 17 (10) 15 (8) 13 (7) 13(7) 14 (7) 113 (9)

Other or NOS 20 (16) 23 (15) 32(19) 15 (8) 17 (9) 20 (10) 20 (10) 147 (12)

Data are expressed as n (%) or mean =+ standard deviation

CClI Charlson Comorbidity Index [19, 20], ECOG PS Eastern Cooperative Oncology Group Performance Status, NOS not otherwise specified
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of treatment (thus also including patients receiving sup-
portive care only), and assuming that 55% of diagnosed
patients receive supportive care only [12, 23], this resem-
bles total mean costs for first-line systemic treatment of
€11,044, which is quite similar to our finding of mean drug
costs of €12,209 for first-line systemic treatment. In con-
trast, our results differ substantially from the costs found
by Keusters et al. [24]. This cost-of-illness study reported
mean total costs of €9427 for oncolytic drugs and day care
(the sum of €6390/0.761 and €615/0.597, respectively,
when accounting for percentage of treated patients), which
is much lower than our finding of mean total drug costs
of €16,116. However, their research was performed in a
tertiary cancer center and excluded all patients who were
eligible for an ongoing clinical trial, which might have led
to selection bias towards patients with poorer prognosis
and earlier discontinuation of systemic treatment, and con-
sequently less costs. Besides this, Keusters et al. showed
that the average cost for metastatic NSCLC over time in
The Netherlands has decreased (in 2006-2012 compared
with 2003-2005), while expenses for oncolytic drugs rose.
They expect that the trend of decreasing costs over time
will not be representative, as immunomodulatory drugs
will drive the trend in the opposite direction [12].

A strength of this study is the large and unselected pop-
ulation of real-world patients with detailed data regarding
systemic treatments and actual doses for each individual
patient. This means, for example, that early discontinua-
tions and dose reductions are accounted for. Furthermore,
by using historical drug list prices adjusted for inflation,
our study reflects true alterations in treatment planning
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and incorporates price drops after expiration of patents,
if any. Finally, this study is the first to report changes in
systemic treatment costs over the years compared with
changes in survival prognosis at the level of a diagnosis of
stage IV NSCLC. The latter in contrast with a traditional
health technology assessment, which are focused on the
cost effectiveness of one or more unique interventions for
these patients.

A limitation of this study could be our restriction to direct
drug costs only. For example, we excluded other medical
costs for lung cancer patients, such as outpatient visits, labo-
ratory tests, visits to other healthcare providers, and treat-
ments for adverse events. As a consequence, if newer, more
expensive drugs cause less toxicity (thus saving costs for
treatment of toxicity), this is not accounted for in our study.
However, direct drug costs will give valuable insights when
comparing standard chemotherapy with chemotherapy plus
immunotherapy as a novel treatment option [25-27] in the
assessment of costs and outcomes in more recent years. By
adding immunotherapy to chemotherapy, net drug costs will
increase while other costs and the toxicity profile remain
more or less the same [28, 29].

Second, patients still alive at database closure could
potentially have received further treatment (n =4 who were
still receiving active treatment and could possibly start a new
line of treatment in the future), of which the costs are not
captured in this study, thus resulting in an underestimation
of mean total costs. Another reason for underestimation of
costs could be that patients moved to another site of care
after completion of treatment, with the risk of unknown sub-
sequent lines of treatment before death. However, due to the
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small number of patients still alive (< 5%) and the virtually
complete first-line costs for these patients, which account
for the largest part of total mean costs, those limitations will
only cause a small underestimation.

Third, one could argue about changes in OS as a sole meas-
ure for benefit from systemic treatment. Measures on quality of
life (QoL) could also be informative to assess the benefit from
systemic treatments over the years. However, OS remains an
objective outcome since it represents survival time, a direct
and unambiguous patient benefit. Furthermore, several chal-
lenges in measuring QoL exist regarding patient follow-up in
the palliative phase. Finally, a limitation could be that novel
treatment options such as immunotherapy were not covered by
the time frame under study. Notwithstanding, this study pro-
vides insights into the costs for systemic treatments in the pre-
immunotherapy period and could serve as an important refer-
ence point to assess the economic impact of immunotherapy.

In a few years’ time, a follow-up study can show how
the costs and survival benefit ratio continues. Considering
patient value as seen with the Value-Based Health Care
concept [30], the ratio between outcomes and costs should
increase. When studying this, it is important to consider that
many countries have confidential discounts on newer biolog-
ical therapies nowadays. In the end, the development of drug
costs per patient with metastatic NSCLC will be the result
of the interplay between new (more) expensive and effective
treatments coming to market and potential price drops linked
to the introduction of generics and biosimilars [31].

5 Conclusions

Overall costs for systemic drug treatment in patients with
metastatic NSCLC were stable over the years 2008-2014,
despite a relative increase in first-line treatment costs from
2011 onwards. Furthermore, OS in the corresponding years
showed no improvements so far. These trend data are very
relevant as background for the assessment of costs and
achieved outcomes in more recent years, with newer treat-
ment options available. Following the Value-Based Health
Care theory, two times more/better outcomes would allow,
at maximum, a doubling of the costs of delivering these
outcomes to keep value at the status quo.
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;2';'2; Unit costs per mg drug 2008 2009 2010 2011 2012 2013 2014 2015 2016
y

Pemetrexed 4.25 4.20 3.53 3.15 3.05 3.06 3.02 3.01 3.06
Bevacizumab 4.14 4.04 3.79 3.73 3.62 3.60 3.50 3.45 3.57
Carboplatin 0.90 0.89 0.88 0.86 0.84 0.27 0.26 0.26 0.26
Cisplatin 1.07 1.06 0.82 0.56 0.56 0.52 0.51 0.51 0.51
Docetaxel 11.75 11.19 10.55 4.50 4.39 4.28 5.24 5.21 5.19
Etoposide 0.21 0.20 0.20 0.20 0.19 0.17 0.16 0.16 0.15
Gemcitabin 0.26 0.24 0.11 0.11 0.10 0.05 0.05 0.05 0.05
Paclitaxel 0.98 0.97 0.96 0.93 2.82 2.75 2.72 2.71 2.70
Vinorelbin 2.30 227 2.24 2.19 2.14 2.08 2.56 2.53 2.53
Erlotinib 0.60 0.59 0.57 0.57 0.54 0.53 0.53 0.53 0.55
Gefitinib n/a n/a 0.42 0.39 0.38 0.38 0.37 0.37 0.38
Afatinib® n/a n/a n/a n/a n/a 95.64 93.54 91.84 90.04
Crizotinib n/a n/a n/a n/a n/a 0.40 0.40 0.40 0.39
Ceritinib n/a n/a n/a n/a n/a n/a n/a n/a 0.30
Nintedanib n/a n/a n/a n/a n/a n/a n/a 0.31 0.31
Osimertinib® n/a n/a n/a n/a n/a n/a n/a n/a 222.27
Data are presented as € per mg drug including VAT and inflation rates
“Fixed price per day, dose independent
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