Jensen and Debus Radiation Oncology
(2019) 14:194
https://doi.org/10.1186/s13014-019-1395-9

RESEARCH

Open Access

Cost-effectiveness analysis (CEA) of IMRT
plus C12 boost vs IMRT only in adenoid
cystic carcinoma (ACC) of the head and
neck
A D Jensen1,2,3* and Jürgen Debus3

Abstract
Background: Particle therapy provides steep dose gradients to facilitate dose escalation in challenging anatomical
sites which has been shown not only to improve local control but also overall survival in patients with ACC. Costeffectiveness of intensity-modulated radiotherapy (IMRT) plus carbon ion (C12) boost vs IMRT alone was performed
in order to objectivise and substantiate more widespread use of this technology in ACC.
Methods: Patients with pathologically confirmed ACC received a combination regimen of IMRT plus C12 boost. Patients
presenting outside C12 treatment slots received IMRT only. Clinical results were published; economic analysis on patientlevel data was carried out from a healthcare purchaser’s perspective based on costs of healthcare utilization.
Cost histories were generated from resource use recorded in individual patient charts and adjusted for censoring using
the Lin I method. Cost-effectiveness was measured as incremental cost-effectiveness ratio (ICER). Sensitivity analysis was
performed regarding potentially differing management of recurrent disease.
Results: The experimental treatment increased overall costs by € 18,076 (€13,416 – €22,922) at a mean survival benefit
of 0.86 years. Despite improved local control, following costs were also increased in the experimental treatment. The
ICER was estimated to 26,863 €/LY. After accounting for different management of recurrent disease in the two cohorts,
the ICER was calculated to 20,638 €/LY.
Conclusion: The combined treatment (IMRT+C12 boost) substantially increased initial and overall treatment cost. In
view of limited treatment options in ACC, costs may be acceptable though. Investigations into quality of life measures
may support further decisions in the future.
Keywords: Cost-effectiveness, CEA, IMRT, C12, Adenoid cystic carcinoma, ACC, Malignant salivary gland tumours,
MSGTs

Background
Treatment with charged particles is a comparatively new
and expensive radiotherapy technology. Construction
and operational costs of particle facilities are estimated
at more than twice the costs of standard photon therapy
facilities [1–4], hence particle therapy is available in few
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specialised centres only. It is used to treat comparatively
radioresistant tumours at complex anatomical sites [5–
7] where dose escalation with photon radiotherapy is
limited by normal tissue tolerance [7, 8]. In contrast to
photons, charged particles such as protons or carbon
ions (C12) loose most of their energy at the end of their
path (Bragg peak) while depositing only little dose in the
tissue beyond. Dose to adjacent critical structures is
minimized and low-dose exposure to surrounding tissues is reduced.
In adenoid cystic carcinoma (ACC), dose escalation
with C12 results in improved tumour control [9–12]
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while maintaining consistently moderate toxicity according to Japanese and German [5–7]. In a recent update,
patients receiving IMRT plus C12 boost not only
showed improved local control but also superior overall
survival as compared to patients treated with IMRT only
[13]. Due to limited availability of particle therapy and
rarity of the disease [13, 14], no randomized trials have
been performed to compare standard photon and carbon
ion therapy. Despite approval of this treatment for ACCs
in Germany following publication of initial favourable
results in 2004, it is still a matter of considerable debate
in the international radiotherapy community whether
particle therapy is cost-effective.
While the last decade has seen a surge of interest in
particle therapy, no detailed cost-effectiveness analysis
based on patient-level particle data has ever been
performed.
We present our economic evaluation of IMRT plus
C12 boost in ACC of the head and neck using
patient-level data of the two patient cohorts recently
published [13].

Methods
Clinical data

All patients with pathologically confirmed ACC of the
head and neck treated with curative intent at Heidelberg
University Hospital between 1997 and 2009 were entered into the clinical analysis. Patients undergoing re-irradiation were excluded. The dataset contained
information on patient baseline characteristics, initial
treatment, time and incidence of locoregional or distant
relapse, toxicity, last contact or death, which was previously extracted from individual patient records. Information on further treatment regarding the underlying
disease was available at a basic level [13].
Within the German C12 pilot project between 1997
and 2008, C12 was clinically available in three treatment
periods (20 days) per year; outside these periods, patients
were treated with standard IMRT by the same team of
physicians. Selection of patients into either of the cohorts was solely based on availability of C12 and hence
time of initial presentation. Both cohorts are similar in
their baseline characteristics and offer the unique possibility to analyse two comparable patient groups as a
quasi-randomized study population. Treatment in the
C12 cohort (58 patients) consisted of 30 fractions
photon intensity-modulated radiotherapy (IMRT) plus 6
fractions C12 whereas the other cohort (37 patients)
received 32 fractions photon IMRT. Follow-up recommendations were identical for both groups.
Economic perspective

The analysis assesses cost-effectiveness from a health
care purchaser’s perspective as represented by statutory
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German sickness funds. Only direct health service costs
were evaluated for the duration of available follow-up.
Indirect costs such as family/ caretaker leisure time,
productivity losses, patient travel or hotel costs are
disregarded. Costs are in € at the 2015 price level,
price changes over time due to i.e. inflation were not
considered.

Costs

Cost data were derived from individual patient histories
through number and category of events, resource
utilization, and attributable unit costs. However, only
events related to the initial tumour diagnosis were recorded. Information on supportive treatments (dietician
visits, physiotherapy, pain medication) or any noncancer related problems were not included.
Recorded resource utilization was either associated
with the standard follow-up such as diagnostic procedures (CT or MRI) or associated with treatment of
either local or distant tumour recurrence, therefore derived costs are limited to tumour-related health care
costs.
Individual follow-up examinations were not explicitly
recorded. Type of examination, time and frequency of
diagnostic follow-up procedures were derived from the
institution’s standard follow-up scheme [15]. Information on further treatment was available at a basic level:
salvage surgery, re-irradiation and type of radiotherapy,
chemotherapy or other treatments and did not include
exact details or specifics on these procedures. To attribute costs, procedures were derived from standard operating procedures and expert advice. For salvage surgery,
details were derived from initial tumour site and
discussed with experienced head and neck as well as
maxillofacial surgeons. For re-irradiation, it was assumed
that patients underwent a complete second course with
adequate radiation dose corresponding to approximately
30 fractions. For palliative radiotherapy, the institutional
standard protocols prescribe 30 Gy in 10 fractions using
standard techniques both for palliative bone and whole
brain irradiation. For chemotherapy, international guidelines [16] recommend only one standard palliative
regimen for recurrent or metastatic ACC consisting of a
triple drug combination [17]. Patient care during chemotherapy was discussed with an experienced medical
oncologist to identify i.e. appropriate number of visits,
lab checks, obligatory co-medication and supportive
treatment. Items therefore reflect the institution’s
current clinical practice. While there are a few experimental second line chemotherapy regimens available, no
consensus exists regarding their routine use on failure of
first line chemotherapy. No information on second-line
treatments was available for patients in this analysis
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hence only first line chemotherapy was modelled. Any
potential second line treatment was disregarded.

always carried out as standard RT, in scenario 2 always
as C12.

Unit cost data

Calculations and software

Following attribution and detailed characterization of
treatments or procedures to individual patient events,
unit costs were extracted from official 2015 fee schedules. It was assumed that all treatments except surgical
procedures were carried out on outpatient basis where
costs are calculated according to uniforme reimbursement
(EBM) specialist catalogues 2015 [18, 19]. University outpatient flat fees negotiated with the Association of Statutory Health Insurance Physicians are not considered.
Costs for in-hospital procedures were derived from the
German DRG reimbursement scheme [20–22].
C12 radiotherapy reimbursement is subject to negotiation with statutory sickness funds who kindly provided
this information [23].
Drug costs for chemotherapy were obtained from
AiDKlinik® search engine [24] as official pharmacy prices,
potential quantity discounts for large institutions were
not taken into account. All costs are reported in 2015
values (€).
Outcomes

While information on treatment-related acute and late
toxicity was collected for clinical analysis, no information on quality of life measures is available. Primary
measure of effectiveness in this analysis therefore is
survival and life years gained.
Analysis

Cost-effectiveness results are reported as mean values
with standard deviations. In order to account for censoring especially in the C12 cohort, costs were adjusted
using the Kaplan-Meier sample average or Lin1 estimator proposed by Lin [25].
Both costs and effects were discounted equally to
present values using recommended rates of 3.5% [26]
and 3.0% [27]. Cost-effectiveness is measured as increΔCosts
mental cost-effectiveness ratio (ICER ¼ ΔEffects
). In order
to account for uncertainty, 95% confidence intervals (CI)
were estimated by a non-parametric bootstrapping method
(5000 samples) [28] and the Fieller method [29].
Sensitivity analysis

Sensitivity analysis addressed management of local
tumour relapse. Re-irradiation in the C12 cohort was
frequently offered as C12 at consequently higher costs,
re-irradiation in the standard cohort was often carried
out as standard photon radiotherapy. Two scenarios
were evaluated: scenario 1 assumes re-irradiation is

All calculations were performed using Microsoft® Excel®
2010 software package and Visual Basic bootstrapping
macro [30]. Confidence intervals using the Fieller
method were calculated with a Fieller calculation engine
[31], survival probabilities with Microsoft® Excel® 2010
for cost-effectiveness analysis.
Ethics approval

Retrospective analysis of clinical data was approved by
the institutional review board (S-141/2014 and S-492/
2010) and conducted in accordance with the Declaration
of Helsinki in its current version.

Results
Mean overall survival in the IMRT+C12 group is 78.3
vs. 68.4 months in the standard treatment group [13]. At
the time of evaluation, 30 patients in the standard and
26 patients in the experimental group were deceased.
Sixty-two percent in the standard group and 50% in the
experimental group developed locally recurrent disease
(Table 1).
Median overall survival in the IMRT+C12 group was
102.1 months vs 73.7 months in the IMRT only group
(p = 0.015) [13].
Derivation of costs

Current reimbursement for C12 is a flat fee of €14,000.[23], together with the IMRT part, the costs of the
experimental treatment add to a total of € 16,877.67 vs.
€ 5675.27 in the standard treatment, cost categories and
unit costs identified from individual patient histories are
listed in Table 2.
Mean costs

Mean costs were calculated undiscounted and discounted at 3 and 3.5%. Mean difference in total costs is
€ 16,937 undiscounted vs. €16,035 and € 15,900 discounted at 3 and 3.5% respectively. Heavy censoring was
present in the IMRT+C12 group with 55% incomplete
cost observations, hence the Lin1 method was used to
calculate adjusted mean differences ranging between
€21,051 (3.5% discount rate) and €23,624 (undiscounted)
(Table 3).
Incremental cost-effectiveness ratio (ICER)

Mean difference in effects is 0.86 years (undiscounted)
vs. 0.83 and 0.82 years using an annual discount rate of 3
and 3.5% respectively giving rise to incremental costeffectiveness ratios of 20,854 €/LY and 22,078€/LY;
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Table 1 Patient characteristics and further treatment of local or
distant tumour relapse
standard group
(IMRT only)

experimental group
(IMRT + C12)

number of patients

37

58

deceased

30 (81%)

26 (45%)

mean OS (months)

68.4

78.3

local relapse

23 (62%)

29 (50%)

surgery

4 (17%)

17 (59%)

re-RT

14 (61%)

13 (45%)

re-RT as C12

1 (8%)

8 (62%)

chemotherapy

1 (4%)

distant metastases

16 (43%)

22 (38%)

chemotherapy

16 (100%)

21 (95%)

palliative RT

5 (31%)

8 (36%)

adjusted values are 26,929 €/LY (3.0% discount) and 26,
863 €/LY (3.5% discount).
The net monetary benefit (NMB) as a function of the
decision maker’s willingness to pay based on adjusted
and discounted ICERs is shown in Fig. 1. When willingness to pay exceeds € 26.863, the NMB turns positive
and the experimental treatment becomes acceptable.

Table 2 Treatment reimbursement fees, further follow-up and
treatment costs given in € (2015)
category/ procedure

unit cost (€)

source

C12 (6 sessions)

14,000.00

flat fee

IMRT 30 fractions

3877.67

EBM

IMRT+C12

17,877.67

flat fee/ EBM

IMRT 32 fractions

5675.27

EBM

MRI brain

124.60

EBM

MRI neck

124.60

EBM

treatment

follow-up

CT chest

67.79

EBM

US abdomen

16.13

EBM

surgery

9725.91 - 22,789.65

DRG

re-RT standard

3983.47

EBM

re-RT C12

29,000.00

flat fee

chemotherapy (6 cycles)

7008.44

EBM

chemotherapy (6 cycles)

7008.44

EBM

palliative RT

650.05

EBM

treatment of local relapse

treatment of distant metastases

Sensitivity analysis

In the experimental treatment, re-irradiation on local
relapse was more frequently offered as another course of
C12 as compared to the standard treatment (Table 1).
Costs for re-irradiation with C12 are substantial; hence
this potential confounder was addressed. Calculations
were performed for two scenarios: the first scenario
assumes that all patients undergoing re-irradiation received this treatment as standard treatment (IMRT).
The second scenario assumes re-irradiation always as
C12. Corresponding costs were replaced in individual
patient histories accordingly (Table 4).
ICER calculations suggests that the differing management of local relapse did indeed influence costs and
hence the ICER. Both scenarios show a lower ICER with
scenario one (re-irradiation as IMRT in all cases) showing the lowest value at 20,638 €/LY (Table 5).

Discussion
With increasing number of particle projects in Europe,
cost-effectiveness of this treatment technique is a matter
of continuous discussion. Few institutions can offer both
particle and standard photon radiotherapy techniques.
Treated indications are often rare diseases, hence prospective or even randomized trials are rare. Medical
technology however, has been identified as one of the
major cost drivers in health care [32–34]. In view of
increasing pressure on health systems and high particle
facility construction and operating costs, radiation oncology can no longer avoid justifying treatments in terms
of their cost-effectiveness. Reflecting these discussions,
there are some modelling studies addressing CE of
proton RT in prostate cancer based on Medicare data
[35] and paediatric tumours based on literature reviews
[36, 37]. In head and neck squamous cell carcinoma,
modelling studies address appropriate patient selection
[38–40] but so far have not attempted a full economic
analysis. The present work is the first patient-level costeffectiveness analysis comparing standard photon and
particle radiotherapy for head and neck malignancies.
The analysis is based on two well-characterised patient
cohorts treated with either standard photon RT or C12
plus photon RT at the same institution during the same
time period. Selection into either of the two treatments
was based on time of presentation as the experimental
treatment was not continuously available. Patient baseline characteristics did not differ significantly between
the two groups, and treatment preparation, and followup were similar [13]. Both cohorts included more than
90% T4 tumours and around 60% tumours with skull
base invasion, observed benefits of carbon ion therapy
on local control and overall survival in the experimental
cohort may vary in patients with smaller tumours and
less challenging sites. While a randomized trial setting
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Table 3 Costs by cost category, mean costs and cost differences discounted, adjusted and unadjusted, given in € (2015)
mean costs (SD) per patient
category

standard (IMRT
only) [€]

SD (IMRT
only)

experimental (IMRT +
C12) [€]

SD (IMRT +
C12)

mean cost
difference [€]

95% CI, non-parametric p-value
bootstrapping (€)

initial treatment

5.68

–

17.88

–

11.2

–

diagnostic follow-up

2.66

1.47

3

1.11

332

− 219; 955

surgery

2.03

6.37

4.82

8.35

2.78

8; 6.039

0.002

re-RT

2.18

4.92

4.93

11.98

2.75

− 813; 6.376

0.179

0.165

treatment of recurrence

chemotherapy

3.03

3.42

2.46

3.3

− 572

− 2023; 834

0.378

palliative RT

105

287

103

267

−3

− 131; 105

0.688

7.35

8.51

12.31

16.99

4.95

192; 10,501

0.019

total complication costs

mean total costs (unadjusted)
undiscounted

15.76

9.17

33.97

17.55

18.15

12,770; 23,745

0.000

3.5% discount p.a.

14.75

7.95

32.86

14.83

18,076

13,416; 22,922

0.000

3.0% discount p.a.

14.88

8.1

32.13

15.18

17.25

12,551; 21,946

0.000

mean total costs (adjusted Lin1)
adjusted (3 monthly
intervals)

16.16

38.98

22.82

adjusted annually

12.11

36.71

24.6

3.5% discount p.a.

11.68

33.71

22.03

3.0% discount p.a.

11.74

34.09

22.35

Fig. 1 Net monetary benefit (NMB) as a function of willingness to pay per LY (adjusted, 3.5% discounting)

(2019) 14:194

Jensen and Debus Radiation Oncology

Page 6 of 9

Table 4 Sensititvity analysis: mean costs/ cost differences
depending on management of local relapse, given in € (2015)
IMRT

IMRT +
C12

difference

mean unadjusted

15,
078.-

29,636.-

14,558.-

mean adjusted (3 monthly
intervals)

15,
204.-

31,859.-

16,655.-

mean adjusted annually

12,
066.-

30,108.-

18,042.-

mean adjusted, 3.5% discount

11,
635.-

28,558.-

16,923.-

mean adjusted 3.0% discount

11,
694.-

28,758.-

17,065.-

mean unadjusted

24,
570.-

36,554.-

11,984.-

mean adjusted (3 monthly
intervals)

25,
058.-

41,745.-

16,687.-

mean adjusted annually

18,
707.-

39,272.-

20,565.-

mean adjusted, 3.5% discount

17,
810.-

36,050.-

18,240.-

mean adjusted 3.0% discount

17,
931.-

36,459.-

18,528.-

mean total costs (€)
re-RT always as IMRT

mean total costs (€)
re-RT always as C12

would have been preferable in order to exclude potential
confounders, due to both limited availability of the
experimental treatment and rarity of the disease, the two
cohorts represent a feasible approach. Authorities
approved the experimental treatment as standard of care
for ACC in 2005 following publication of initial experience, consequently, patients are now entitled to receive
this treatment. A randomized trial to formally compare
photon and particles will therefore be problematic in
this setting. The underlying dataset is therefore probably
the best comparison between C12 and standard RT for
this disease that will be possible in Germany.
There are differences in the management of tumour
recurrence between the groups though: while more patients developed local recurrences in the standard group,
a higher proportion of locally recurrent patients in the
experimental group underwent salvage surgery. In the
standard group, percentage of patients undergoing reirradiation for local relapse was higher than in the experimental group, however, patients in the experimental group
were more likely to receive re-irradiation as C12. Observed
costs reflect these findings: mean costs for surgery as well
as total costs for treatment of tumour recurrence are significantly higher in the experimental group (Table 4). This
is in contrast to Jäkel et al. who postulated cost savings by
reducing local relapse and hence reducing the amount of
surgical procedures [41]. One possible explanation is that
recurrent tumours in the experimental group are still
amenable to salvage surgery whereas this might not be the
case in the standard group.

Table 5 ICER depending on management of local relapse, given in € (2015)
bootstrapped CI
ICER (€/LY)

Fieller CI

lower 95% (€)

upper 95% (€)

lower 95% (€)

upper 95% (€)

mean total costs: re-RT always as IMRT
no discount

16.83

− 146.34

180.76

−20,478

5788

3.5% discount

17.43

− 147.08

174.73

−31,332

6617

3.0% discount

17.38

−144.36

207.18

−29,647

6512

adjusted (Lin1):
adjusted, no discount

20.98

adjusted, 3.5% disc.

20.64

adjusted, 3.0% disc.

20.56

mean total costs: re-RT always as C12
no discount

14.64

− 122.02

124.56

−15,476

3849

3.5% discount

12.86

−104.32

139.57

−20,367

3475

3.0% discount

12,840

−102.66

148.36

−19,130

3410

adjusted (Lin1):
adjusted, no discount

23.91

adjusted, 3.5% disc.

22.24

adjusted, 3.0% disc.

22.32
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Mean adjusted total costs were estimated at €12,111 in
the standard and €36,713 in the experimental group. As
expected in the presence of 55% censoring (experimental
group), accounting for incomplete cost information [25]
leads to significant corrections (€11,678 and €33,706
with 3.5% discounting) (Table 3). The ICER using adjusted and discounted CE data is therefore €26,863.
Though the bootstrapped results are clustered in the
upper right quadrant of the CE plane, CIs are large:
differences in effects (denominator) in some of the bootstrapped pairs are very small and the ICER trends to
infinity. For this reason, the Fieller method [29, 31] was
used to obtain CIs.
As patients in the experimental group were more likely
to undergo re-irradiation with C12 and treatment costs
are significantly higher than standard RT (€29,000 vs. €
3983.47) this issue was addressed in the sensitivity analysis. Two scenarios were investigated: one where re-RT
is always given as IMRT and the second where re-RT is
always given as C12. Both scenarios decreased mean cost
differences between the two groups and consequently
also the ICER (scenario 1: € 20,638; scenario 2: € 22,244,
Table 5). Scenario 1 however, is problematic: data on
re-irradiation of local relapse in ACC is rare and to date,
only particle experience was published for this specific
situation [42]. It is doubtful whether IMRT can be
substituted for C12 in re-irradiation when assuming
similar control rates. Potentially, the same limitations
regarding dose constraints to organs at risk apply as in
the primary situation. Therefore, scenario 2 seems more
realistic.
The NMB as a function of ceiling ratio (Fig. 1) graphically illustrates acceptability of the treatment based on
willingness to pay with an ICER of roughly € 22,000
unadjusted / € 27,000 adjusted for censoring. As no
comparable CEA has yet been undertaken and attributed
costs may vary in other health systems, comparison of
these findings is limited. Ramaekers et al. have established a model to assess potential benefit of proton over
standard RT for patients with head and neck cancer for
patient triage. Assuming a reduction in toxicity but no
survival benefit in their analyses, an ICER of € 60,000/
QALY was found acceptable in the Netherlands [39]
with a threshold of €80,000/QALY [43]. However, the
authors modelled treatment consisting of particle therapy only [39] whereas the present CEA investigated costs
of a combination regimen.
This CEA has some limitations regarding cost estimation. As only tumour-related events were recorded in
the dataset, other healthcare costs may be underestimated. Observed toxicities showed no severe late sequelae and no major differences between the groups [13], so
high toxicity-related costs are unlikely but information
on non-cancer related resource utilization and costs is
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clearly lacking. Also, chemotherapy costs are probably
underestimated as some patients may have received second or even third line chemotherapy. Lacking consensus
on standard use of these treatments and specific information in the dataset, only first-line chemotherapy was
considered. Standard RT costs may be overestimated as
University Hospitals negotiate flat fees for outpatient
treatments with responsible authorities [44], which in the
case of IMRT may be below the EBM re-imbursement
level [45, 46] but vary between institutions and could not
been addressed in the sensitivity analysis. Likewise, followup costs may vary outside this institution’s standard
follow-up scheme. In view of low unit costs, the effect on
total costs is probably low.

Conclusion
As opposed to some other European countries, there is
no explicit ICER threshold in Germany, ultimately it is
unclear whether the experimental treatment would be
acceptable based on the ICER alone. Also, data presented in this cost-effectiveness evaluation are based on
retrospective analysis of two similar patient cohorts,
where ideally, informed decision-making would require
randomized cohorts as well as further quality of life parameters. Investigations into quality of life measures in
these patients may yield valuable information in order to
further elucidate this issue.
Abbreviations
€: Euro; ACC: Adenoid cystic carcinoma; C12: Carbon ion; CEA: Costeffectiveness analysis; CT: Computed tomography; DRG: Diagnosis-related
groups; EBM: “Einheitlicher Bemessungsmaßstab” = uniforme reimbursement
specialist catalogue; ICER: Incremental cost-effectiveness ratio; IMRT: Intensitymodulated radiotherapy; LY: Life-year; MRI: Magnetic resonance imaging;
NMB: Net monetary benefit; QALY: Quality-adjusted life-year;
RT: Radiotherapy
Acknowledgements
Not applicable.
Authors’ contributions
AJ selected references and resources to derive costs, established the model
and performed all calculations as well as the final analysis. JD and AJ
discussed and interpreted findings, both authors prepared and critically
reviewed the manuscript. All authors read and approved the final
manuscript.
Funding
No external funding was received for this research.
Availability of data and materials
All resources used to derive treatment-related costs are clearly stated in the
manuscript. Clinical results of respective treatments are published and therefore also accessible on an aggregate level through the published paper.
Ethics approval and consent to participate
Not applicable. Ethics approval was obtained prior to analysis of clinical data
as reported in Cancer, 2015, and as stated in the manuscript text. The work
presented in this manuscript however, is a cost-effectiveness model and analysis of combined carbon ion therapy plus IMRT versus IMRT alone. Costs
were derived based on clinical data reported in Cancer 2015. Actual individual billing data were neither retrieved not available for this analysis. Hence
“ethics approval and consent to participate” does not really apply.

Jensen and Debus Radiation Oncology

(2019) 14:194

Consent for publication
Not applicable.
Competing interests
Dr. AD Jensen has no competing interest. Prof. Dr. Dr. J. Debus is CEO of
Heidelberg Ion Beam Therapy Centre (HIT).
Author details
1
Department of Radiation Oncology, University Hospital Gießen and Marburg
GmbH (UKGM), Philipps-University of Marburg, Baldingerstraße, D-35032
Marburg, Germany. 2Department of Social Policy, London School of
Economics, Houghton Street, London WC2A 2AE, UK. 3Department of
Radiation Oncology, University of Heidelberg, INF 400, D-69120 Heidelberg,
Germany.
Received: 31 July 2019 Accepted: 9 October 2019

References
1. Lievens Y, Pijls-Johannesma M. Health economic controversy and costeffectiveness of proton therapy. Semin Radiat Oncol. 2013;23(2):134–41.
2. Peeters A, Grutters JP, Pijls-Johannesma M, Reimoser S, De Ruysscher D,
Severens JL, Joore MA, Lambin P. How costly is particle therapy? Cost
analysis of external beam radiotherapy with carbon-ions, protons and
photons. Radiother Oncol. 2010;95(1):45–53.
3. Vanderstraeten B, Verstraete J, De Croock R, De Neve W, Lievens Y. In
search of the economic sustainability of hadron therapy: the real cost
of setting up and operating a hadron facility. Int J Radiat Oncol Biol
Phys. 2014;89(1):152–60.
4. Goitein M, Jermann M. The relative costs of proton and X-ray radiation
therapy. Clin Oncol (R Coll Radiol). 2003;15(1):S37–50.
5. Mizoe JE, Hasegawa A, Jingu K, Takagi R, Bessyo H, Morikawa T, Tonoki M,
Tsuji H, Kamada T, Tsujii H, Okamoto Y. Organizing Committee for the
Working Group for Head neck Cancer. Results of carbon ion radiotherapy
for head and neck cancer. Radiother Oncol. 2012;103(1):32–7.
6. Mizoe JE, Tsujii H, Kamada T, Matsuoka Y, Tsuji H, Osaka Y, Hasegawa A,
Yamamoto N, Ebihara S, Konno A. Organizing committee for the working
group for head-and-neck cancer. Dose escalation study of carbon ion
radiotherapy for locally advanced head-and-neck cancer. Int J Radiat Oncol
Biol Phys. 2004;60(2):358–64.
7. Schulz-Ertner D, Nikoghosyan A, Didinger B, Münter M, Jäkel O, Karger CP,
Debus J. Therapy strategies for locally advanced adenoid cystic carcinomas
using modern radiation therapy techniques. Cancer. 2005;104(2):338–44.
8. Münter MW, Schulz-Ertner D, Hof H, Nikoghosyan A, Jensen A, Nill S, Huber
P, Debus J. Inverse planned stereotactic intensity modulated radiotherapy
(IMRT) in the treatment of incompletely and completely resected adenoid
cystic carcinomas of the head and neck: initial clinical results and toxicity of
treatment. Radiat Oncol. 2006;1:17.
9. Chen AM, Bucci MK, Weinberg V, Garcia J, Quivey JM, Schechter NR,
Phillips TL, Fu KK, Eisele DW. Adenoid cystic carcinoma of the head and
neck treated by surgery with or without postoperative radiation
therapy: prognostic features of recurrence. Int J Radiat Oncol Biol Phys.
2006;66:152–9.
10. Terhaard CHJ, Lubsen H, Van der Tweel I, Hilgers FJ, Eijkenboom WM,
Marres HA, Tjho-Heslinga RE, de Jong JM, Roodenburg JL, Head D, Neck
Oncology Cooperative Group. Salivary gland carcinoma: independent
prognostic factors for locoregional control, distant metastases, and overall
survival: results of the Dutch head and neck oncology cooperative group.
Head Neck. 2004;26:681–92.
11. Terhaard CHJ, Lubsen H, Rasch CRN, Levendag PC, Kaanders HH, TjhoHeslinga RE, van Den Ende PL, Burlage F, Head D, Neck Oncology
Cooperative Group. The role of radiotherapy in the treatment of malignant
salivary gland tumors. Int J Radiat Oncol Biol Phys. 2005;61:103–11.
12. Garden AS, Weber RS, Ang KK, Morrison WH, Matre J, Peters LJ.
Postoperative radiation therapy for malignant tumors of minor salivary
glands. Outcome and patterns of failure. Cancer. 1994;73(10):2563–9.
13. Jensen AD, Nikoghosyan AV, Poulakis M, Höss A, Haberer T, Jäkel O, Münter
MW, Schulz-Ertner D, Huber PE, Debus J. Combined intensity-modulated
radiotherapy plus raster-scanned carbon ion boost for advanced adenoid
cystic carcinoma of the head and neck results in superior locoregional
control and overall survival. Cancer. 2015;121(17):3001–9.

Page 8 of 9

14. Spiro RH. Salivary neoplasms: overview of a 35-year experience with 2,807
patients. Head Neck Surg. 1986;8:177–84.
15. Jensen AD, Nikoghosyan A, Windemuth-Kieselbach C, Debus J, Münter MW.
Combined treatment of malignant salivary gland tumours with intensitymodulated radiation therapy (IMRT) and carbon ions: COSMIC. BMC Cancer.
2010;10:546.
16. NCCN Clinical practice guidelines physician guidelines in oncology. Head
and neck cancers. Version I.2015 via http://www.nccn.org/professionals/
physician_gls/pdf/head-and-neck.pdf, accessed 21 Aug 2015.
17. Dreyfuss AI, Clark JR, Fallon BG, Posner MR, Norris CM Jr, Miller D.
Cyclophosphamide, doxorubicin, and cisplatin combination
chemotherapy for advanced carcinomas of salivary gland origin. Cancer.
1987;60(12):2869–72.
18. KBV. EBM (Einheitlicher Bewertungsmaßstab) 3. Quartal 2015. Arztgruppen
EBM Strahlentherapeut. Via http://www.kbv.de/media/sp/EBM_
Strahlentherapeut_20150701_OPMBE.pdf, accessed 21 Aug 2015.
19. KBV. EBM (Einheitlicher Bewertungsmaßstab) 3. Quartal 2015. Arztgruppen
EBM Innere Medizin. Via http://www.kbv.de/media/sp/EBM_InnereMedizin_2
0150701_OPMBE.pdf, accessed 21 Aug 2015.
20. DIMDI Deutsches Institut für Medizinische Dokumentation und
Information. ICD-10-GM version 2015. Via http://www.dimdi.de/static/de/
klassi/icd-10-gm/kodesuche/onlinefassungen/htmlgm2015/index.htm#II,
accessed 21 Aug 2015.
21. DIMDI Deutsches Institut für Medizinische Dokumentation und Information.
OPS Version 2015. Via http://www.dimdi.de/static/de/klassi/ops/kodesuche/
onlinefassungen/opshtml2015/block-5-01...5-05.htm, accessed 21 Aug 2015.
22. DRG Research Group. Web-grouper. University of Münster, Medical
Management. Via http://drg.uni-muenster.de/index.php?option=com_
webgrouper&view=webgrouper&Itemid=26 , accessed 20 Aug 2015.
23. Personal communication. Carbon ion therapy reimbursement rates.
Betriebskrankenkassen (BKK) email correspondence of 08 June 2015.
24. Dosing GmbH. AiDKlinik®. Guest/ trial access via http://aidklinik.de, accessed
21 Aug 2015.
25. Lin DY, Feuer EJ, Etzioni R, Wax Y. Estimating medical costs from incomplete
follow-up data. Biometrics. 1997;53:419–34.
26. National Institute for Health and Clinical Excellence. Briefing paper for
methods review working party on discounting. via http://www.nicedsu.org.
uk/NICE-Methods-Guide-updates(1985333).htm, last accessed 26 Aug 2016.
27. IQWiG: Institute for Quality and Efficiency in Health Care. Allgemeine
Methoden. Version 4.2, 22.04.2015. via https://www.iqwig.de/download/
IQWiG_General_Methods_Version_%204-2.pdf, last accessed 26 Aug 2016.
28. Chaudhary MA, Stearns SC. Estimating confidence intervals for costeffectiveness ratios: an example from a randomized trial. Stat Med. 1996;
15(13):1447–58.
29. Fieller EC. Some problems in interval estimation. JR Stat Soc Ser B. 1954;16:
175–85.
30. Gray A, Clarke P, Wolstenholme J, Wordsworth S. Handbooks in health
economic evaluation series. In: Applied methods of cost-effectiveness
analysis in healthcare: Oxford University Press; 2011. Supporting
material via https://www.herc.ox.ac.uk/downloads/supporting-materialfor-applied-methods-of-cost-effectiveness-analysis-in-healthcare , last
accessed 20.08.2016.
31. Health Decision Strategies. Fieller Confidence Interval Calculation Engine via
http://www.healthstrategy.com/fieller/fieller.htm, accessed 20 Aug 2016.
32. Jones CI. Why have health expenditures as a share of GDP risen so much?
NBER Working Paper No. 9325, 2002 via http://www.nber.org/papers/w9325
, accessed 20 Aug 2016.
33. Newhouse JP. Medical care costs: how much welfare loss? J Econ Perspect.
1992;6(3):3–21.
34. Di Matteo L. The macro determinants of health expenditure in the United
States and Canada: assessing the impact of income, age distribution and
time. Health Policy. 2005;71(1):23–42.
35. Yu JB, Soulos PR, Herrin J, Cramer LD, Potosky AL, Roberts KB, Gross CP.
Proton versus intensity-modulated radiotherapy for prostate cancer:
patterns of care and early toxicity. J Natl Cancer Inst. 2013;105(1):25–32.
36. Lundkvist J, Ekman M, Ericsson SR, Jönsson B, Glimelius B. Proton therapy of
cancer: potential clinical advantages and cost-effectiveness. Acta Oncol.
2005;44(8):850–61 PubMed PMID: 16332592.
37. Lundkvist J, Ekman M, Ericsson SR, Jönsson B, Glimelius B. Cost-effectiveness
of proton radiation in the treatment of childhood medulloblastoma. Cancer.
2005;103(4):793–801.

Jensen and Debus Radiation Oncology

(2019) 14:194

38. Cheng Q, Roelofs E, Ramaekers BL, Eekers D, van Soest J, Lustberg T,
Hendriks T, Hoebers F, van der Laan HP, Korevaar EW, Dekker A, Langendijk
JA, Lambin P. Development and evaluation of an online three-level proton
vs photon decision support prototype for head and neck cancer comparison of dose, toxicity and cost-effectiveness. Radiother Oncol. 2016;
118(2):281–5.
39. Ramaekers BL, Grutters JP, Pijls-Johannesma M, Lambin P, Joore MA,
Langendijk JA. Protons in head-and-neck cancer: bridging the gap of
evidence. Int J Radiat Oncol Biol Phys. 2013;85(5):1282–8.
40. van de Water TA, Bijl HP, Schilstra C, Pijls-Johannesma M, Langendijk JA. The
potential benefit of radiotherapy with protons in head and neck cancer
with respect to normal tissue sparing: a systematic review of literature.
Oncologist. 2011;16(3):366–77.
41. Jäkel O, Land B, Combs SE, Schulz-Ertner D, Debus J. On the costeffectiveness of carbon ion radiation therapy for skull base chordoma.
Radiother Oncol. 2007;83(2):133–8.
42. Jensen AD, Poulakis M, Nikoghosyan AV, Chaudhri N, Uhl M, Münter MW,
Herfarth KK, Debus J. Re-irradiation of adenoid cystic carcinoma: analysis
and evaluation of outcome in 52 consecutive patients treated with rasterscanned carbon ion therapy. Radiother Oncol. 2015;114(2):182–8.
43. Cleemput I, Neyt M, Thiry N, De Laet C, Leys M. Threshold values for costeffectiveness in health care Health Technology Assessment (HTA). Brussels:
Belgian Health Care Knowledge Centre (KCE); 2008. KCE reports 100C (D/
2008/10.273/96) via https://kce.fgov.be/sites/default/files/page_documents/
d20081027396.pdf, accessed 28 Aug 2016.
44. Sozialgesetzbuch der Bundesrepublik Deutschland. § 120 SGB V: Vergütung
ambulanter Krankenhausleistungen. via http://www.sozialgesetzbuch-sgb.
de/sgbv/120.html, accessed 29 Aug 2016.
45. Lauterbach KW, Schwartz FW, Potthoff P, Schmitz H, Lüngen M, Krauth C,
Klostermann B, Gerhardus A, Stock S, Steinbach T, Müller U, Brandes I.
Bestandsaufnahme der Rolle von Ambulanzen der Hochschulkliniken in
Forschung, Lehre und Versorgung an ausgewählten Standorten
(Hochschulambulanzenstudie). Ein Gutachten im Auftrag des
Bundesministeriums für Bildung und Forschung (BMBF) via http://www.
gesundheitsforschung-bmbf.de/_media/Gutachten_Ambulanzen_26.pdf,
accessed 28 Aug 2015.
46. Lüngen M, Stock S, Krauth C, Gerhardus A, Brandes I, Potthoff P, Müller U,
Schmitz H, Klostermann B, Steinbach T, Schwartz FW, Lauterbach KW.
Performance and costs of outpatient clinics of university hospitals for
medical care, teaching, research activities. Dtsch Med Wochenschr. 2004;
129(45):2399–404.

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

Page 9 of 9

