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A B S T R A C T

Objectives: The primary objective of this study was to identify the total intramural cost of illness of metastatic
non-small cell lung cancer (NSCLC) in the Netherlands between 2006–2012. Secondary objective was to identify
whether changes in cost patterns of metastatic NSCLC have occurred over the last years.
Methods: Patients diagnosed with metastatic NSCLC between 1-1-2006 and 31-12-2012, who had follow-up to
death or the date of data cut-off and no trial participation were included. A structured chart review was per-
formed using a case report form. Data collection started after diagnosis of metastatic NSCLC and ended at death
or April first, 2015. Data regarding outpatient visits, clinical attendance, oncolytic drug use, imaging, lab tests,
radiotherapy and surgery were collected.
Results: Sixty-seven patients were included with a median age of 67 years. The median follow-up was 234 days.
On average patients had 28 outpatient visits and 11 inpatient days. Oncolytic drugs were administered to 76% of
the patients. Mean per patient expenditures amounted up to €17,463, with oncolytic drugs (€6,390) as the main
cost driver. In comparison with the time-period of 2003–2005 total per patient per year expenses decreased by
44%. The contribution to total yearly costs of oncolytic drugs increased from 18% to 35%, while costs for
inpatient stay decreased from 52% to 28% of total expenditures.
Conclusion: Outcomes in this study demonstrate that average treatment costs for metastatic NSCLC in the
Netherlands Cancer Institute amount to €17,463. Compared to a prior study the average cost for metastatic
NSCLC over time in the Netherlands has decreased. A shift of main cost drivers seems to have occurred from
inpatient stay, to oncolytic drugs as main contributor. The shift towards treatment cost might become more
visible with the introduction of immunotherapy. These results mark the importance of up-to-date cost of illness
studies.

1. Background

Lung cancer is the fourth most common cancer in the Netherlands
[1]. With over 12,000 diagnoses in 2015, it accounts for over 10,000
annual deaths [1].

The treatment and prognosis of NSCLC depends on the stage of
disease at diagnosis. Metastatic NSCLC (stage IV) is incurable and has a
poor prognosis with a five-year overall survival (OS) rate of 4% [2].
Treatment guidelines for metastatic NSCLC consist of palliative treat-
ment with oncolytic drugs, radiotherapy, surgery, a combination of
these treatments or best supportive care [3,4].

Cancer treatment is currently highly discussed, because of expensive
treatments involved; insight in the baseline costs is therefore essential
to allow for highly valid cost-effectiveness calculations and decision-
making. The treatment of metastatic NSCLC constitutes a large burden

on healthcare in terms of costs [5–7], especially now expensive im-
munotherapy strategies become widely available.

In order to gain insight in the NSCLC healthcare burden, Pompen
et al. (2009) conducted a retrospective by-chart-review cost of illness
(COI) study in 102 patients diagnosed with advanced NSCLC during
2003–2005 in the Netherlands [6]. The estimated intramural healthcare
burden of metastatic NSCLC amounted up to €32,386 per patient/year
in this time period. Inpatient stay was the main contributor and onco-
lytic drugs were the second largest contributor [6].

Pompen et al. provided a useful insight in NSCLC costs for the
period 2003–2005. Expenses on cancer treatment have however in-
creased two-fold in the period of 2003–2011 as reported by Dutch au-
thorities from 2.4 to 4.8 billion euros a year [8]. In the same time span,
expenditures on oncolytic drugs in the Netherlands increased more than
three-fold [9]. Relatively new oncolytic drugs for NSCLC i.e.
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pemetrexed and new orally dosed tyrosine kinase inhibitors e.g. erlo-
tinib, gefitinib and crizotinib all obtained marketing approval and were
implemented in the standard of care [10].

These new oncolytic drugs have a substantially higher price per
dose than older oncolytic drugs [11]. Data on the healthcare burden of
metastatic NSCLC treatment in the Netherlands, have however not been
reported since the study by Pompen et al.

Therefore, we aimed to determine total intramural COI in patients
diagnosed with metastatic NSCLC in the period of 2006–2012. The
secondary objective of this study was to identify changes in cost pat-
terns over time.

2. Methods

2.1. Patient selection

Healthcare utilization data was obtained by a retrospective medical
chart review. Charts were provided by the Netherlands Cancer Institute
(NCI; a cancer referral center in Amsterdam). Patients were selected
using a search combining data from the Electronic Patient Database
(EPD) and the cancer registry database. The search included the fol-
lowing criteria: diagnosis of stage IV NSCLC between 1-1-2006 and 31-
12-2012, according to the AJCC lung cancer staging version 7; follow-
up in the NCI from diagnosis until death or until the data cut-off date of
April first, 2015; no registered clinical trial participation in the NCI at
any time during treatment for NSCLC.

2.2. Exclusion

All patient records retrieved from the search were individually as-
sessed on in- and exclusion criteria. When during data collection the
patient record was found to be incomplete or a patient was diagnosed
with a secondary primary tumor in the follow-up period the patient
record was excluded from the analyses.

2.3. Data collection

Data collection was standardized using an electronic Case Report
Form (eCRF). Data was retrieved from the first visit after diagnosis of
metastatic NSCLC, until death or end of data collection on April first,
2015. Data collected consisted of patients characteristics and healthcare
utilization data.

Demographic characteristics: age, gender, date of birth, ECOG
(Eastern Cooperative Oncology Group) performance score (PS), site of
metastases, date of diagnose, date of disease progression and date of
death were collected. When applicable, the reason for exclusion was
recorded.

Healthcare utilization data consisted of: date and type of inpatient
visit; date, type and length of outpatient visit; date, type and dose of
oncolytic drugs; date and frequency of radiotherapy; number and type
of laboratory tests; date and type of surgical procedures. Data

concerning imaging was directly extracted from the Hospital
Information System (HIS). Dates of all events were registered and all
data were collected by one investigator (WK).

2.4. Unit costs

Unit costs were based on Dutch guidelines [11–13] or on available
literature, if costs were not available in the guidelines [14]. If both
sources did not provide sufficient information, unit costs were based on
prices as determined by another academic hospital [15]. Because cost
on surgical procedures were largely unknown, these costs were not
considered in this analyses and were therefore accounted as being zero.

2.5. Cost comparison

Outcomes as published by Pompen et al. were extracted from the
published article [8]. In this study Pompen and colleagues report on
two patient populations: group A received best supportive care (BSC)
and group B received second-line treatment in addition to BSC. The
weighted mean cost/patient/year for both groups was considered the
mean cost per patient for that population. In order to correct for dif-
ferences in follow-up time, all cost outcomes, excluding cost for onco-
lytic therapy, from this study were converted from cost/patient into
cost/patient/year, using the reported mean follow-up.

3. Results

In total 67 patients were found eligible for data collection. In 115
patients follow-up was incomplete and eighteen were not eligible for
the study, an overview of reasons for exclusion of patients is shown in
Fig. 1.

3.1. Patient Demographics

Of 67 eligible patients 30 were male (45%) and 37 female (55%),
mean age at diagnosis was 67 for male patients and 55 years for female
patients. Overall patients had a good PS of 0–2, only three patients with
a PS greater than 2 were included in the study. The baseline char-
acteristics are presented in Table 1.

Mean follow-up time was 348 days (median 234 days) and three
patients were alive on the data cut-off date of April first 2015. Bone
(37%) and brain metastases (24%) were the most frequent sites of
distant metastases. Adenocarcinoma (51%) was the most common
histological subtype, followed by large cell carcinoma (22%) and
squamous cell carcinoma (19%). KRAS and EGFR mutations were found
in 13% and 6% of patients, respectively.

3.2. Total costs

A detailed representation of mean cost per patient is provided in
Table 2. Total mean cost per patient amounted to €17,463 (median:

Fig. 1. Exclusion after individual assessment.
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€14,824, range €624– €68,099). Oncolytic drugs (€6,390; 37%) were
the most important cost driver followed by costs for inpatient stays
(€4,766; 27%). Total cost of outpatient visits accounted for €3,156 and
imaging costs amounted to €1,835. Costs of laboratory tests (€328) was
the smallest contributor to healthcare resources used. Total cost per
patient for radiotherapy was €987.

3.3. Utilization

The mean oncolytic drug use amounted up to 6.8 doses of
Intravenously administered Oncolytic Drugs (IOD) and 21.3 doses
(days) of Orally administered Oncolytic Drugs (OOD). The most fre-
quently used healthcare utilization were outpatient visits. On average
patients were seen 28 times. Medical specialist visits, medical specialist
phone consults and day care visits were the most frequently used types
of outpatient visits, respectively 15.3, 8.2 and 3.9 visits.

Patients had a mean of 11.1 inpatient days which was associated
with 2.9 hospitalizations or ward transfers per patient. Most commonly
used laboratory test was blood analyses which was used 15.1 times per
patient. Chest X-ray and CT-scan were the most frequently used ima-
ging methods, respectively 5.7 and 3.3 times per patient. In total a
mean of 8.9 fractions of radiotherapy and 0.5 surgical procedures per
patient were registered.

3.4. Incidence of treatment

Ninety-eight point five percent of patients visited the outpatient
clinic (one patient was only treated during an inpatient stay). Oncolytic
drugs were prescribed to 76.1% of patients. Imaging was performed in
98.5% of patients. Hospitalization occurred in 65.7% of patients.
Laboratory tests were performed in 91.0% of patients. Radiotherapy
was given to 80.6% of patients. Surgical procedures occurred in 23.9%
of patients during the follow-up period.

3.5. Oncolytic drugs

A detailed overview of oncolytic drugs used is shown in Table 3.
Cost for IOD was higher than cost for OOD, €4,924 and €1,466 re-
spectively. Gemcitabine (2.1 doses) was the most frequently adminis-
tered IOD. Pemetrexed, however was the largest contributor to the costs
(€3,961) and was also the drug most frequently used (47.8% of pa-
tients). Of all OOD, erlotinib was the most prescribed. On average pa-
tients received 17.1 days of treatment with erlotinib. It was also the
most frequently used (26.9%) and the biggest contributor to costs
(€1,265) for OOD.

3.6. Cost comparison

Inclusion criteria differed slightly between this study and the study
of Pompen et al. Here we only included patients diagnosed with stage
IV NSCLC regardless of the PS. Pompen et al. included patients with
stage IIIB or stage IV NSCLC and with a PS of ≤2. In result Pompen
et al. reported a mean of 12.5 months follow-up in group A (BSC)
(N = 74) and 14.4 months follow-up in group B (second-line treatment
and BSC) (N = 28). Whereas average follow-up reported in this study
was 11.4 months (348 days). The cost comparison is shown in Table 4.
Compared to Pompen et al. (2003–2005) mean cost per year of NSCLC
treatment decreased by 43% (from € 32,386 to € 18,010 per patient per
year). Mean per patient per year expenses on all contributors decreased,
except for expenses on oncolytic drugs and outpatient visits. Mean cost
of inpatient stay decreased from €16,777 to € 5,001 per patient per
year. Fig. 2 shows the comparison of the two studies on cost distribution
data per patient per year. Mean per patient expenses on oncolytic drugs
increased from 18% to 35%, while mean per patient per year expenses
on inpatient stay decreased from 52% to 28%. Mean per patient per
year expenses on outpatient visits increased from 8% to 18%.

4. Discussion

Our results show that the average mean intramural cost of meta-
static NSCLC amounted up to €17,463 per patient in the period
2006–2012 in the NCI. The costs consisted mainly of expenses on on-
colytic drugs and inpatient stays, which contributed to 37% and 27%
respectively of the total treatment costs.

Compared to the period 2003-2005 total cost per patient per year of
metastatic NSCLC in the Netherlands decreased, while expenses on
oncolytic drugs and outpatient visits rose. The decrease in cost could
mainly be attributed to a decrease in cost of inpatient stays. The re-
duction in hospitalizations can partially be attributed to less cisplatin
administrations (1.2 doses versus 3.3 doses), since patients were not
admitted to receive treatment. A second factor contributing to the re-
duced healthcare costs is the special referral role of the NCI, which
biases our population to a more gradual disease course. This referral
role could in addition result in unregistered care in local hospitals. In
order to counteract this, patients treated in other hospitals were ex-
cluded from the study. However it is likely that some of the local care
was not registered at the NCI and therefore unregistered in this study.
Finally our population differed from the population by Pompen et al. as
they included patients with stage IIIB and stage IV NSCLC (according to
the AJCC lung cancer staging version 6, not reported), where this study

Table 1
Patient characteristics of all included patients.

Patient Characteristics N %

Total
Women 37 55
Men 30 45

Age (years)
Men, median 67
Range 33–89
Women, median 55
Range 24–76

Performance status (ECOG)
0–2 51 76
>2 3 4
Unknown 13 19

Year of Diagnosis
<1-1-2010 25 37
>31-12-2009 42 63

Site of Metastases
Adrenal 9 13
Bone 25 37
Brain 16 24
Kidney 3 4
Liver 8 12
Lung 9 13
Lymfe 4 6
Mediastinal 2 3
Neck 5 7
Other 14 21

Follow-up (days)
Mean 348
Median 234
Range 24–2829

Histology
Adenocarcinoma 34 51
Large Cell Carcinoma 15 22
Squamous Cell Carcinoma 13 19
Unknown Carcinoma 5 7

Mutations
EGFR Mutation 4 6
KRAS Mutation 9 13
Unknown Mutation 54 81

Abbreviations: ECOGEastern Cooperative Oncology Group.
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looked at stage IV disease according to the AJCC lung cancer staging
version 7. As a result patients with pleural effusion were now scored as
having stage IV disease rather than stage IIIB. A bias remains towards
lower costs in our study, since no stage IIIB patients without pleural
effusion were included.

Nevertheless the dramatic decrease in inpatient stays seems to
confirm the hypothesis that new oncolytic drugs and treatments are
successfully diminishing the number and the length of hospitalizations
in this population.

Expenses on oncolytic drugs have increased significantly. This in-
crease is even more notable since only 76.1% versus 100% of patients
were treated with oncolytic drugs in this study and Pompen et al. re-
spectively. The increase in cost of oncolytic drugs can be attributed to
costs of the oncolytic drugs pemetrexed and erlotinib, these account for

82% of costs on oncolytic drugs. Drug prices of 2017 were used to
correct for significant changes in drug pricing, for instance the patent of
pemetrexed expired in 2016 [16]. However new immunotherapeutic
drugs (e.g. nivolumab and pembrolizumab) have recently obtained
marketing approval for the treatment of NSCLC. Therefore costs on
oncolytic drugs are likely to increase further as these im-
munotherapeutic drugs are even more costly.

In order to put our results into perspective, cross validation was
performed with other international COI studies. This is difficult as
treatment standards for metastatic NSCLC differ between countries and
hospitals. The most recent study [17] estimated mean hospital costs for
71 patients diagnosed in 2008 in Spain to be €15,044 [17], while other
studies estimated mean hospital cost at €22,066 in Switzerland (1998)
[18], and at 11,996 AUD in Australia (2005–2006) [19], which equals

Table 2
Healthcare resource utilizations and costs.

Cost per healthcare resource Unit Cost Mean Median Range Costs % Treated

Oncolytic Drugs (OD)
IOD € 72711 6.8 6 0–28 € 4924 65.7
OOD € 6911 21.3 0 0–425 € 1466 29.9
Total OD € 6390 76.1

Outpatient Visit
Accident/Emergency € 15112 0.1 0 0–2 € 9 4.5
Day Care € 15912 3.9 2 0–24 € 615 59.7
Dietician € 2712 0.04 0 0–1 € 1 4.5
Medical Specialist (MS) € 12912 15.3 11 0–51 € 1970 97.0
Nurse € 2812 0.3 0 0–2 € 8 0.3
Phone Consult MS € 6512 8.2 5 0–33 € 529 88.1
Other Outpatient € 8012 0.3 0 0–7 € 25 0.1
Total Outpatient 28.0 24 0–76 € 3156 98.5

Inpatient Stay
Inpatient Day € 21812 0.3 0 0–4 € 71 20.9
Inpatient Night € 43712 10.7 5 0–47 € 4694 64.2
Total Inpatient Days 11.1 5 0–49 € 4766 65.7

Laboratory
Blood Test € 1613,14 15.1 11 0–48 € 236 89.6
Culture € 1613,14 4.0 0 0–68 € 64 43.3
Mutation Analysis € 20913 0.01 0 0–1 € 3 1.5
Pathology € 36 13 0.7 0 0–5 € 25 43.3
Total Laboratory tests 19.8 14 0–95 € 328 91.0

Imaging
CTRT € 16013,15 1.3 1 0–5 € 210 58.2
CT − scan € 20213,15 3.3 3 0–15 € 675 76.1
ECG € 1813 0.9 0 0–6 € 16 40.3
PET-scan € 1,30013 0.2 0 0–3 € 252 13.4
X-Ray € 5413,15 5.7 4 0–24 € 308 89.6
Ultrasound € 6113,15 0.8 0 0–4 € 50 47.8
MRI € 19813 1.1 0 0–17 € 210 46.3
MRRT € 19613 0.1 0 0–1 € 12 6.0
Revision € 1813 0.1 0 0–1 € 1 6.0
Scintigraphy € 13313 0.03 0 0–2 € 4 1.5
Other imaging € 11513 0.9 0 0–8 € 98 38.8
Total Imaging 14.3 14 0–44 € 1835 98.5

Radiotherapy
No. Fractions € 11114 8.9 8 0–33 € 987 80.6
Total Radiotherapy 8.9 8 0–33 € 987 80.6

Surgery
Lobectomy € 0 0.01 0 0–1 € 0 1.5
Pericardium Puncture € 0 0.01 0 0–1 € 0 1.5
Peripheral Infusies € 0 0.1 0 0–3 € 0 7.5
Pleurodesis € 0 0.2 0 0–4 € 0 6.0
Puncture € 0 0.03 0 0–1 € 0 3.0
Peripheral Catether € 0 0.03 0 0–1 € 0 3.0
Resection Metastases € 0 0.01 0 0–1 € 0 1.5
Diagnostic Pleural Puncture € 0 0.01 0 0–1 € 0 1.5
Stent placement € 0 0.04 0 0–3 € 0 1.5
Other surgery € 0 0.1 0 0–1 € 0 7.5
Total Surgery 0.5 0 0–6 € 0 23.9

Total € 17,463 100.0

IOD: Intravenous Oncologic Drugs, OOD: Oral Oncologic Drugs.
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to approximately €8500. Based on literature data our findings of mean
total cost of € 17,463 for metastatic NSCLC seem to be comparable to
international series, but because of great differences in costs between
countries no hard conclusions can be drawn. Differences in distribution
of cost are more straightforward to compare. All studies reported by
Kang et al. [19] reported inpatient stay to be the main cost driver in the
United States, Canada, Ireland, Australia and the Netherlands [6]. The
most recent study however, reported oncolytic therapy as the main cost
driver in patients treated in Spain (2008) [17]. This is in line with our
presumption that there might be a shift in cost distribution towards
oncolytic drugs, which is mainly influenced by new expensive oncolytic
drugs.

The observed differences in cost distribution and total costs per
patient per year between 2003–2005 and 2006–2012 are striking. This
indicates that COI studies are sensitive to the time period in which the
study is conducted. NSCLC treatment with nivolumab today costs about
€1500–€3000,- per dose [11] and patients received a median number of
cycles ranging between 6 and 8 doses, depending on tumor histology
[20]. This will most likely result in increased expenses on oncolytic

drugs. This highlights further that COI studies reflect the current si-
tuation and that they are unreliable for long-term use. COI studies
provide insights in cost patterns of a certain illness and are the basis for
cost-effectiveness studies. Therefore transparent and up-to-date re-
search on COI, is of critical importance to allow for high quality cost-
effectiveness research.

Even though our study was carefully designed, the study has lim-
itations. The NCI is actively participating in clinical trials in all stages of
drug-development. A selection bias has therefore likely occurred, as
patients included in trials are generally the ones with a good perfor-
mance status and better survival. Secondly, the NCI is a tertiary hospital
to which patients are referred to from general and academic hospitals in
the Netherlands. This special role biases the population towards patient
with more severe disease grade compared to the population that gen-
eral and academic hospitals probably would have. The fact that our
research was solely performed in de NCI could have influence the po-
pulation and therefore treatment costs. Furthermore, the study period is
quit long (2006 till 2012), which might have created a heterogeneous
group. Though treatment guidelines did not change dramatically,
though over the study period.

In our study more women were included at relatively young age,
compared to men. This difference is not consistent with cancer in-
cidence and mortality in the Netherlands, which reports a higher in-
cidence of lung cancer in men [1,21]. The referral function of the NCI
and an increase in smoking among females partially explain the higher
number of female patients with NSCLC included in our trial.

Costs per patient were not normally distributed but skewed to the
right. In addition the wide range of follow-up used in this study could
potentially result in higher costs, as analysis showed that patients with
longer follow-up tend to have a higher cost of treatment (R2 = 0.177).
Differences in study population and follow-up time between our study
and Pompen et al. could explain some of the loss of costs. However,
costs of treatment per patient do not divide equally over time and

Table 3
Detailed representation of oncolytic drugs utilization.

Cost of oncolytic drug use Cost per mg Mean Doses Median Doses Range Mean Cost % Treated

Intravenous Oncolytic Drugs (mean dose)
Carboplatin (574 mg) € 0.3311 1.4 0 0–10 € 267 41.8
Cisplatin (95 mg) € 0.4711 1.2 0 0–24 € 53 29.9
Docetaxel (132 mg) € 5.4911 0.3 0 0–6 € 217 7.5
Gemcitabine (2092 mg) € 0.0911 2.1 0 0–17 € 398 32.8
Paclitaxel (150 mg) € 2.6211 0.01 0 0–1 € 6 1.5
Pemetrexed (876 mg) € 2.6611 1.7 0 0–11 € 3961 47.8
Other IODa € 2.8811 0.03 0 0–2 € 22 1.5
Total IOD 6.8 6 0–28 € 4924 65.7

Oral Oncolytic Drugs (mean dose)
Afatinib (280 mg) € 1.6511 0.2 0 0–14 € 96 1.5
Erlotinib (144 mg) € 0.5111 17.1 0 0–425 € 1265 26.9
Gefitinib (77 mg) € 0.3511 3.9 0 0–217 € 105 4.5
Total OOD 21.3 0 0–425 € 1466 29.9

Total € 6390 76.1

a Other IOD include multiple IOD with different prices per mg, a weighted mean is presented.

Table 4
Cost of illness per patient per year extracted from publication of Pompen et al. compared
to outcomes (cost/patient/year) from this study.

Healthcare resource (cost/patient/year) Pompen et al. This study

Oncolytic Drugs (cost/patient)a € 5711 € 6390
Outpatient Visit € 2502 € 3312
Inpatient Stay € 16,777 € 5001
Laboratory + Imaging € 4350 € 2271
Radiotherapy € 3045 € 1036
Surgery € 0 € 0
Total Costs € 32,386 € 18,010

a Cost of oncolytic drugs was expressed as costs per patient.

Fig. 2. Cost distribution extracted from Pompen et al. and cost dis-
tribution of this study. All cost are presented per patient per year,
except for oncolytic drugs which was presented as cost per patient.
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extrapolation could be a dangerous step in presenting real world out-
comes. In extend, total costs of treatment are more relevant for inter-
pretation of cost patterns, as survival is an important factor con-
tributing to total costs, which should not be ignored when calculating
treatment costs. Therefore correction for follow-up was only done in
order to make comparison possible between our study and Pompen
et al. and not to present real world costs.

Our research was solely focused on cost utilization. Real world COI
studies also include extramural healthcare. In order to put intramural
costs in perspective Pacolet et al. calculated that intramural costs ac-
counted for 81% of the whole treatment cost of lung cancer in the
Netherlands in 2005 [22]. If this is still the case in 2015, than our re-
sults could be used to perform a realistic estimation of total real world
cost of metastatic NSCLC.

5. Conclusion

Mean intramural cost of treatment of metastatic NSCLC patients
treated in our cancer referral center amounted to €17,463. Compared to
2003–2005 the average cost for metastatic NSCLC over time in the
Netherlands has decreased. A shift of main cost drivers seems to have
occurred from inpatient stay in 2003-2005, to oncolytic drugs as the
main contributor. This shift is largely attributable to new expensive
oncolytic drugs, as they raise oncolytic drug expenses. Meanwhile a
decrease in hospital admissions costs occurred. However as a result of
the referral function of the NCI, hospital admissions might be under-
estimated. Our results mark the importance of up-to-date COI studies as
we showed that they are sensitive to new developments, this might
become of higher importance as the expensive immunotherapeutic
drugs are currently entering the market. We expect that the trend of
decreasing costs over time will not be representative as im-
munomodulatory drugs will drive the trend into the opposite direction.
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