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Introduction

Radiation therapy (RT) plays a crucial role in managing head and 
neck cancer (HNC) patients, either alone or as part of a multimodal 
approach that includes surgery and systemic therapy.1,2 In both defi
nitive and adjuvant settings, intensity-modulated RT (IMRT) re
presents the more advanced photon-based and current standard RT 
technique. It has led to a significant improvement in radiation-induced 
toxicity profiles compared to older RT techniques, without compro
mising clinical outcomes. Nonetheless, toxicity rates remain relevant, 
especially for advanced clinical stages, with substantial long-term 
consequences impacting on quality of life (QOL), due to the fact that 
normal tissues inevitably receive exit doses from photons. Moreover, 
patients with HNC face a non-negligible risk of developing secondary 
primary cancers, especially in the head and neck area and lungs.3 In 
addition, the rise in the incidence of human papillomavirus associated 
to oropharyngeal squamous cell carcinoma (HPV-OPC), mainly diag
nosed in middle age patients and with more favorable prognosis, 
emphasizes the importance of minimizing treatment-related side ef
fects.4-7 In this scenario, the advent of proton therapy (PT) marks a 
new era. Indeed, the advantages of PT rely on the intrinsic dose de
position curve, capable of maximizing the dose to the tumor at the so- 
called Bragg peak, with significantly higher sparing of the surrounding 
organs at risk compared to photons.8 On the other hand, radio
biological effectiveness is comparable with a fixed radiobiological 
effectiveness value of 1.1, currently recommended and adopted 
worldwide in PT.9,10 According to the most updated survey on current 
practices among European PT centers, data have shown that adult 
patients are submitted to PT if the main objective is to decrease 
toxicity risk or, more rarely, to escalate the dose for increasing tumor 
control.11

Although the current clinical evidence for PT is mainly based on 
retrospective studies that report advantages in toxicity reduction 
without compromising tumor control12 or even showing statistically 
superior outcomes compared to photon-based RT in definitive HNC 
patients,13 the magnitude of this benefit is likely largely attributed to 
fewer sequelae at 2 to 4 years, coupled with the high quality of planning 
and delivery in PT, especially considering new active scanning tech
nologies.14,15

More recently, an initial analysis of the MD Anderson-led phase III 
study (IMRT vs IMPT) on oropharyngeal cancer (NCT01893307) re
ported that PT was not inferior in terms of progression-free sur
vival compared to IMRT, with a potential protective role in overall 
survival and a reduction in feeding tube dependence.16,17

Other prospective randomized controlled trials (RCTs) comparing 
IMRT and PT are currently ongoing, essentially with the primary end
point being toxicity/QOL (NCT03829033; ISRCTN: 16424014 
[TORPEDO]). Considering the current evidence and pending the results 
of RCTs, several issues are under discussion within the radiation on
cology community. These range from methodology for obtaining clin
ical evidence, with emphasis on the utility of prospective international 
registries, to adequate patient selection integrating PT economic issues. 
Nevertheless, a careful evaluation of the actual cost-effectiveness of PT 
over IMRT should take into account each country's peculiarities such as 
the clinical expertise, the geographical distribution of patients, as well 
as the impact of treatments on health-related QOL.

In general, photon-based treatments are more widespread, estab
lished, and less expensive, hence allowing for the highest availability, 
minimal training, societal and clinical confidence, along with overall 
convenience across countries. The model-based selection (MBS) ap
proach from the Netherlands has been introduced as an evidence-based 
methodology with nuanced perspectives on patient selection and clin
ical validation beyond traditional RCTs.18 It is grounded on normal 
tissue complication probability (NTCP) models,19 which have been 
externally validated in independent photon-based cohorts to predict 
severe and impairing radiation-induced side effects in HNC patients. 
With these principles, the NTCP-MBS was implemented in Northern 
Europe to select patients for either definitive photon-RT or PT and it has 
been under exploration for approximately six years, demonstrating its 
clinical safety and feasibility.20 Since October 2017, the National In
dication Protocol for HNC PT (NIPP-HNC) was formally approved and 
adopted in the Netherlands to select patients for PT.21

In the Italian scenario, the Italian Association for Radiotherapy and 
Clinical Oncology (Associazione Italiana di Radioterapia e Oncologia Clinica 
[AIRO]) followed and supported the development of PT since the very be
ginning, with documents that reported the potential indications for proton 
treatments based on the clinical and scientific evidence.22 Since 2004,23 the 
scientific literature has been enquired, and coupled with the Italian onco
logical incidence, to estimate the actual need of PT centers. After later lit
erature revisions, at least 5 centers for PT (equipped with 2-4 treatment 
rooms) were recommended, with a well-balanced geographical and demo
graphical distribution.24 Currently, in Italy, three facilities are dedicated to 
deliver PT and others are in a planning phase.25 However, definitive se
lection guidelines for PT of HNC patients are yet to be established.

The aim of our manuscript was to analyze the main aspects involved 
in the implementation of a MBS strategy for HNC candidates for defi
nitive RT in relation to the Italian landscape, as well as exploring its 
feasibility and sustainability.
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Head and neck cancer model-based selection: The Northern 
Europe experience

In Northern Europe, the Netherlands was the first and only country 
to have established in clinics a MBS for selecting HNC patients for PT 
over photon-RT.18 The foundation of the Dutch NTCP-MBS approach 
was the establishment of NIPP-HNC21 thanks to multidisciplinary ef
forts, combining scientific (proton, photon-RT, and clinical epide
miology experts), national health care, and insurance parties. The ra
diation-induced toxicities of interest were selected with respect to the 
impact on the QOL and prevalence in HNC. The NTCP models were 
evaluated accordingly, and selected based on their quality and robust
ness. Hence, the structured tumor data to feed NTCP models are uni
formly provided by the Dutch National Proton Registry.26,27 The Dutch 
Society for Radiotherapy and Oncology sets the cut-off for the NTCP 
difference (ΔNTCP) based on the severity and consequent QOL reduc
tion, as well as strictly considering the proportion of patients selected 
for PT. Finally, processes involving the national platforms specialized 
for PT and HNC RT and the other stakeholders led the National Health 
Care Institute to include the MBS into the national insurance basic 
package.

Similarly in Denmark, the six Danish Head and Neck Cancer centers 
(DAHANCA) set up a clinical trial to evaluate PT over photon-RT 
(NCT04607694), randomizing eligible HNCs after a preselection based 
on the potential NTCP advantage of PT.28 A nonrandomized feasibility 
trial was successfully conducted between 2019 and 2020 to explore the 
logistic, social, financial, and clinical sustainability of the approach 
(NCT05423704). Comprehensive training and technical support were 
provided by the DAHANCA quality assurance group to local photon-RT 
centers to first evaluate candidate HNCs. The average technical treat
ment delay, due to NTCP evaluation, was clinically acceptable, and 
most of the selected patients accepted the PT referral, regardless of 
geographical provenience. The ΔNTCP was set arbitrarily and under
went changes over time to optimize the enrollment process.29

Envisioning the Italian model-based selection strategy

A schematic proposal of NTCP-MBS in Italy and interplay between 
variables involved is depicted in Figure 1. A comparison between the 
Netherlands, Denmark, and Italy with respect to the MBS most im
pactful factors is reported in Table 1. Substantial differences emerged 
between the Italian and Dutch scenarios, presenting the MBS as a 
challenge despite being a potentially relevant clinical and socio-eco
nomic achievement. The need for rigorous strategies to select HNC 
patients for PT is of great importance in Italy, considering that the 
Italian population is roughly three times the population of Denmark 
with particular HNC incidence,30 which has been using NTCP model- 
based selection for years.

Italian head and neck cancer model-based selection: Scientific, clinical, 
technical, and socio-economic design and challenges

In the Dutch experience, the core root of NIPP-HNC was the expert 
working group. Within AIRO, there is currently neither a network nor a 
dedicated working group for PT. This could be desirable given the fu
ture development of this technology in Italy, also to compare with 
European groups. This network, mentored by the international PT 
community, could be responsible for various tasks, with the im
plementation of MBS as the first milestone. In the HNC landscape, this 
Italian PT network would provide guidance to the AIRO HNC working 
group and other major HNC Italian associations in designing scientifi
cally comprehensive MBS guidelines and protocols. The scientific 

premise of this approach relies on the analysis of the HNC radiation- 
induced toxicity prevalence, the availability of dedicated NTCP models, 
and the evaluation of model robustness and consistency in the Italian 
landscape, eventually supported by satellite ad hoc clinical (and/or in- 
silico) trials as well as new NTCP model development.34,35

From a technical perspective, the identification of a strategic 
photon-RT department for each Italian region (Regional PT Referral Hub) 
would facilitate the MBS process, acting as a reference point for local 
photon-RT facilities and a link with the national PT centers. The es
tablishment of such hierarchical MBS management is envisioned due to 
the high number (ie, 186) of widespread Italian photon-RT facilities.36

PT technical expertise and support should be formally provided to the 
Regional PT Referral Hub team, including easy-to-use tools (eg, NTCP 
modules37,38), dedicated training, and indications for HNC PT pre
selection (eg,workshops, conferences). The Regional PT Referral Hub 
team will include trained radiation oncologists and medical physicists, 
supported by case managers, bioengineers, data managers, information 
technology (IT) specialists, and other technical personnel. Such a team 
will help disseminate PT awareness, provide preselection guidelines, 
and performe formal periodic audits. In such Italian MBS setting, PT 
would become a shared national resource, supported by a solid cen
tralized health care IT infrastructure toward reliable, faster, and safer 
data transfer to prevent treatment time delays. In this context, the es
tablishment and widespread of a centralized electronic medical record 
(EMR) will play a key role. A uniform and adequate dataset will be 
defined in compliance with national and European data regulation 
procedures, providing all the needed information for the MBS toxicity 
prediction as well as tracking follow-up data toward prospective up
dates of the NTCP models. Such an envisioned scientific, clinical, and 
technical framework is schematically represented in Figure 2.

In 2017, the Italian Ministry of Public Health reviewed the so-called 
Essential Assistance Levels, establishing a list of 10 clinical elective in
dications for hadrontherapy which can be reimbursed by the public 
national health system (NHS) with specific fares. Nonetheless, the ex
penses for PT are borne directly by the PT facilities and only reimbursed 
afterward. The envisioned MBS protocol should be embedded in the 
essential assistance levels, allowing for efficient and economically 
sustainable patient management from PT facilities. Furthermore, a lo
gistic and economic support framework should be established for pa
tients coming from distant regions, actually provided only in a few 
cases by the PT centers. In the present Italian landscape, the geo
graphical, socio-economic, and health status will likely result in severe 
imbalances in PT access considering that, at present, PT facilities are all 
located in Northern Italy with a higher rate of PT referral refusal ex
pected in Southern Italy, especially for patients with impaired health 
and weak social status. Both clinical and economical failure will then 
arise, with patients receiving suboptimal treatments and the NHS dis
persing time and resources in the MBS selection processes.

Cost-effectiveness of model-based selection in head and neck cancer

Cost-effectiveness studies typically assess the incremental cost-ef
fectiveness ratio (ICER) of a given procedure compared to alternative 
treatment strategies, that is, the incremental cost associated with a 
quality-adjusted life year gained. Literature studies investigating the 
economic burden of PT in HNC reported, from a payer perspective, the 
highest cost-effectiveness for young HPV-positive patients.39-42 More
over, from a societal perspective, the reduction in long-term radiation- 
induced complications is particularly relevant in working-age patients. 
Moreover, PT was reported to be cost-effective only for well selected 
patients,43 hence assigning to MBS a crucial role. For example, in 
Chinese nasopharyngeal patients, a significant NTCP reduction (17%- 
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39%, depending on patient’s age) should be achieved to be considered 
cost-effective.44 As well, in the Netherlands, IMPT for all HNCs did not 
prove cost-effectiveness over IMRT while the MBS did, with an esti
mated ICER of $80.170 and a societal willingness-to-pay (WTP) set to 
$106.400 (in 2010).45 However, cost-effectiveness evaluations are 
strongly affected by the peculiarity of the health care system, the 
adopted perspective (health care sector versus societal perspective), 
and the ICER threshold, which expresses a country’s WTP for health 
gains.46 To date in Italy, there are no cost-effectiveness studies com
paring PT with photon-RT, even though a WTP range of €25.000 to 
€40.000 was suggested.47 Nonetheless, especially in northeastern Italy, 
a relevant increase in the HPV-positive HNCs was reported, which, 
together with population ageing, would encourage the adoption of an 
Italian MBS as a cost-effective tool.48

The Italian model-based selection scenario: Preliminary feasibility 
evaluations on the head and neck cancers proton therapy volumes

To date, three PT centers are in operation, all located in Northern 
Italy. The first Italian hadrontherapy facility was the National Center 
for Oncological Hadrontherapy (CNAO, Pavia), equipped with a syn
chrotron, which started clinical activity in 2011. It has three treatment 
rooms and plans for expansion, including a new proton gantry. The 
other two PT facilities in Trento at the Azienda Provinciale per i Servizi 
Sanitari (featuring two treatment rooms) and in Milan at the European 

Institute of Oncology (equipped with one treatment room) started 
clinical operations in October 2014 and in November 2023, respec
tively.49 PT facility projects are ongoing in various regions. Therefore, 
with only three facilities in operation, it is evident that, besides the 
socio-economic point of view, PT accessibility may be strongly affected 
by a relatively reduced PT capacity. However, further PT centers are in 
the planning phase or under construction in Italy.50

In the following, we have estimated the optimal Italian HNC volume 
capacity. Under the hypothesis of a thirty-minute fraction time/HNC 
patient delivered in ten working hours/day, for a single-room facility, 
we assumed approximately 20 HNC treatment slots per day. On the 
other hand, two-room facilities still share the same proton beam while 
managing the in-room treatment preparation processes more effi
ciently. Hence, 35 overall treatment slots per day were assumed for a 2- 
room facility. In Italy the PT providers were considered as follows: one 
single-room facility (European Institute of Oncology) and two 2-room 
facilities (CNAO and Trento). Despite the three available treatment 
rooms, CNAO was regarded as a 2-room facility, considering the partial 
load ascribed to carbon ion RT. With respect to the HNC treatment load, 
we assumed a 7-week period to complete a full course of PT undergoing 
35 treatment fractions delivered in 5 days/week. Under these as
sumptions, the Italian full HNC volume capacity was estimated in 643 
HNC patients/year (Table 2). This estimation was made considering the 
highest number of potentially deliverable HNC slots that could be 
provided by the Italian PT centers, if they would be all dedicated only 

Figure 1. Schematic proposal of NTCP-based MBS in Italy and interplay between the variables involved. 
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to HNCs. However, it is worth noticing that the applied fraction time 
and fractionation scheme could be extended to other PT malignancies 
or balance treatment workloads with different time-consumption (eg, 
the use of hypofractionated schemes when indicated). With this con
sideration, a reasonably similar Italian PT volume could be envisioned 
even when accounting for a realistic and heterogeneous treatment 
workload.

Tambas et al.20 published the first Dutch experience in 2020, re
porting the cancer-site-based proportion of patients selected for PT 
according to the NIPP-HNC, in Groningen Proton Therapy Center. 
Moreover, a Dutch PT report was published in 2022 to report the 
number of HNC treated with PT.51 Due to the unavailability of relevant 
clinical variables, a propensity score matching with the Italian HNC 
population was not possible. Furthermore, NIPP-HNC, in the Tambas 
publication, evaluated only HNC originating from oral cavity, larynx, 
and pharynx was selected for definitive RT, hence resulting in a further 
critical reduction of the sample. To roughly investigate the HNC PT 
Italian volumes per year, we based our analysis on the incidence per 
cancer site derived from 2022 Global Cancer Observatory (GCO, 
2022).52,53 Naïve scaling factors were computed on population and 
incidence per cancer site basis in order to adjust the Dutch results to the 
Italian scenario. Hence, we reported Tambas single-center proportions 
to a national level with the aid of the Dutch PT report.51 Finally, we 
applied the Dutch proportions to derive the corresponding HNCs se
lected for PT in a hypothetical Italian landscape.34 In this framework, 
with respect to the presented naïve analysis, the PT facility workload 
derived from HNC MBS exceeds the overall current PT Italian capacity 
with 810 estimated patients/year (ie, 125.9%). All the assumptions and 
data used to estimate the Italian MBS HNC PT volumes were summar
ized in Table 3.

Discussion

In the Italian scenario, challenges and opportunities underlay the 
implementation of an HNC MBS for PT. We suggested the establishment 
of an efficient PT HNC network, with widespread territorial dis
semination, as the Italian MBS core. Such a collaborative group, sup
ported by the international PT community, would serve firstly to define 
the MBS protocol to be approved by the Italian NHS and afterward to 
actively implement the MBS processes while diffusing the concept of PT 
as a nationally shared and valuable oncological treatment resource. A 
centralized approach to MBS is warranted in order to perform uniform 
NTCP analysis and efficiently administer IT dedicated resources, while 
supporting local photon-RT facilities. From a technical perspective, the 
need for a centralized EMR was also highlighted as essential to provide 
the needed structured data to feed the MBS NTCP models and the op
timal Italian ΔNTCP value. However, although the Italian routine usage 
of EMR has increased significantly in the past few years, the achieve
ment of acceptable compliance at the Italian national scale is still dis
tant, hence representing one of the biggest challenges. Regarding EMR, 
with the recent ProTRAIT (PROton Therapy ReseArch RegIsTry54) in
itiative, the Netherlands provided valuable insights on tumor data 
standardization. Furthermore, dedicated scientific network, including 
the European SocieTy for Radiotherapy and Oncology European Par
ticle Therapy Network, were recently designed to gather PT evi
dence.55-57 Also, in this regard, Italian national clinical registries and 
efficient IT infrastructure (eg, 5G communication technologies, fiber 
optic networks, cryptographic sciences) would provide a valuable 
contribution. Moreover, it would be of great importance also from a 
financial perspective, as the lack of evidence on the effective value of 
PT over photon-RT impacts the establishment of PT national re
imbursement policies especially in countries with a public health care 
prevalence, such as in Europe. Literature studies reported PT as cost- 
effective treatment only for young patients with a longer life expecta
tion39,58,59 and patients with better prognosis due to biological tumor 
traits60-62 that would achieve a relevant reduction in long-term Ta
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morbidity.63,64 In the described scenario, the treatment of radiation- 
induced toxicities may lead to important health care and social costs,42

making MBS cost-effective, as reported in the Netherlands.45 In the 
Italian landscape, efforts should be also made toward more efficient and 
sustainable PT reimbursement processes as well as socio-economic pa
tient support (eg, prevention, traveling, and accommodation). In the 
context of PT, geographical disparities were reported both in the US and 
Europe,31 due to PT-related costs (eg, long-distance traveling, accom
modation). In Italy, such territorial disparities may be even sharpened 
due to the imbalanced geographical distribution of PT facilities. Fur
thermore, such circumstances guided our suggestion toward a cen
tralized Italian MBS, although the workload on the dedicated team 

should be monitored and minimized. Recently, automated NTCP 
methods for candidates’ preselection were suggested in literature, ran
ging from organs at risks overlap-based37,65 to deep learning aug
mented modeling.38 In the near future, such tools are expected to sig
nificantly reduce time and efforts required from the MBS dedicated 
team as well as the needed IT resources. Finally, we attempted to 
perform a preliminary estimation of the Italian MBS PT workload. 
Based on the data available on GCO and the reported number of in
habitants in 2020, we reported the NIPP-HNC Dutch candidates to the 
Italian scale. A 125.9% PT facility workload was estimated. In con
sideration of the actual operating Italian PT facilities, such workload is 
over our capacity. This leads to considerations about the opportunity to 
select specific clinical scenarios based on age, site, and stage or to in
crease the delta NTCP to qualify patients for protons. Approaches like 
hypofractionation, although not clinically established in HNC PT,66 or 
combined photon-proton treatment,67 may also reduce the impact of 
such therapy on the overall PT workload. However, our analysis pre
sents some important limitations, including the fact that the GCO Ita
lian report is not comprehensive, with only the main available regional 
registries providing cancer information, and no clinical variables were 
included in the analysis. A propensity score matching would have been 
appropriate to match the NIPP-HNC Dutch candidates to the corre
sponding Italian HNC sample. Nevertheless, a certain amount of ap
proximation would still underlay the HNC PT volume estimation due to 
matching method limitations and the unavailability of potentially re
levant unknown and known clinical data (eg, HPV status). Finally, it is 
worth mentioning that the MBS infrastructure, herein proposed for 

Figure 2. Envisioned Italian model-based selecting proton therapy for HNC patients: key factors and pipeline. *Abruzzo (2), Basilicata (2), Calabria (4), Campania 
(18), Emilia-Romagna (12), Friuli Venezia Giulia (3), Lazio (19), Liguria (5), Lombardia (35), Marche (4), Molise (1), Piemonte (14), Puglia (11), Sardegna (4), Sicilia 
(18), Toscana (15), Trentino Alto Adige (3), Umbria (5), Valle D’Aosta (1), Veneto (10).36 Abbreviations: AIFM, Italian Association of Medical Physics; AIOM, Italian 
Association of Medical Oncology; AIPT, Italian Association for Particle Therapy (hypothetic acronym); AIRO, Italian Association of Radiotherapy and Clinical On
cology; AITRO, Italian Association of Radiation Therapists and Physicist Technicians; CT, computed tomography; EMR, electronic medical record; IT, information 
technology; MBS, model-based selection; NHS, National Health System; NTCP, normal tissue complication probability; PT, proton RT; QA, quality assurance; RT, 
radiation therapy; TPS, Treatment Planning System.

Table 2 
Underlying assumptions for the Italian proton therapy capacity, in the context 
of HNC full-course proton treatment. 

Italian MBS: assumptions and workload

Two-room 
facility

Single-room 
facility

Italian PT

Treatment slot/day 35 20 90
weeks/HNCs PT 7 7 7
working weeks/year 50 50 50
working hours/day 10 10 10
# facilities 2 1 3
HNCs PT slot/year 500 143 643
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HNCs, may be extended to other categories of patients potentially eli
gible for PT, and that PT technologies availability in Italy will increase 
in the future.50

Moreover, despite being an innovative solution for accurate pa
tients’ selection, NTCP models suffer from inherent limitations that 
should be carefully considered. First of all, NTPC models used in 
Denmark and the Netherlands are validated for Danish and Dutch po
pulation, respectively, but not for the Italian one. Secondly, from a 
clinical point of view, the additional time necessary for planning and 
NTCP analysis might cause treatment delays and compromise out
comes. From an organizational standpoint, such additional workload 
for the staff and the need for training of all involved clinical profes
sionals should be also considered. Finally, technical impediments due to 
north-south digital divide in Italy and strict regulatory policies when 
sharing data might represent an additional obstacle to the real-world 
implementation of such infrastructure.

Conclusion

In conclusion, we strongly suggest the implementation of a cen
tralized Italian NTCP model-based selection approach for HNC PT. The 
envisioned Italian MBS would be led by a dedicated expert team oper
ating within a novel Italian PT framework. The estimated workload for 
HNC patient potentially eligible for PT is not compatible with the 
current treatment capacity of the PT centers operating in Italy at their 
best organizational level. However, with respect to the current scenario, 
and the future advances both in terms of technology and new PT fa
cilities, an adjusted MBS may represent a feasible, sustainable, and cost- 
effective opportunity for HNC patients to be selected for the best 
treatment option.

Ethics

Not applicable.

Funding

No funding was received for conducting this study.

Author Contributions

Ester Orlandi: Conceptualization, Resources, Supervision. Ester 
Orlandi, Giulia Fontana, Matteo Pepa: Methodology, Project 
administration. Ester Orlandi, Matteo Pepa, and Giulia Fontana: Writing- 
original draft preparation. All authors: Writing- review and editing. Matteo 
Pepa and Giulia Fontana: Visualization. NA: Software, Validation, Formal 
analysis, Investigation, Data curation, Funding acquisition. All authors 
have read and agreed to the published version of the manuscript.

Declaration of Conflicts of Interest

Ester Orlandi, MD, is an Associate Editor of the International 
Journal of Particle Therapy. The authors declare no additional conflicts 
of interest.

References

1. Machiels J-P, René Leemans C, Golusinski W, Grau C, Licitra L, Gregoire V. Squamous 
cell carcinoma of the oral cavity, larynx, oropharynx and hypopharynx: 
EHNS–ESMO–ESTRO Clinical Practice Guidelines for diagnosis, treatment and 
follow-up. Ann Oncol. 2020;31:1462–1475. https://doi.org/10.1016/j.annonc.2020. 
07.011

2. Bossi P, Chan AT, Licitra L, et al. Nasopharyngeal carcinoma: ESMO-EURACAN 
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 
2021;32:452–465. https://doi.org/10.1016/j.annonc.2020.12.007

3. Hoxhaj I, Hysaj O, Vukovic V, et al. Occurrence of metachronous second primary 
cancer in head and neck cancer survivors: a systematic review and meta‐analysis of 
the literature. Eur J Cancer Care. 2020;29:e13255. https://doi.org/10.1111/ecc. 
13255

4. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer J Clin. 
2021;71:7–33. https://doi.org/10.3322/caac.21654

5. Gillison ML. Evidence for a causal association between human papillomavirus and a 
subset of head and neck cancers. J Natl Cancer Inst. 2000;92:709–720. https://doi. 
org/10.1093/jnci/92.9.709

6. Ang KK, Harris J, Wheeler R, et al. Human papillomavirus and survival of patients 
with oropharyngeal cancer. N Engl J Med. 2010;363:24–35. https://doi.org/10.1056/ 
NEJMoa0912217

7. Ringash J. Survivorship and quality of life in head and neck cancer. JCO. 
2015;33:3322–3327. https://doi.org/10.1200/JCO.2015.61.4115

8. Durante M, Orecchia R, Loeffler JS. Charged-particle therapy in cancer: clinical uses 
and future perspectives. Nat Rev Clin Oncol. 2017;14:483–495. https://doi.org/10. 
1038/nrclinonc.2017.30

Table 3 
Italian volume estimations on a national scale, derived from model-based PT selection approach in HNC (single-center experience), combined with the HNC data from 
the Dutch PT report published in 2022. 

Single-center experience National scale estimates

All radiation therapy kinds Protons Protons

HN cancer type Country Incidence (Globocan 
2022)

20 mo (Tambas, NL) 12 months 20 mo (Tambas, NL) 12 mo 12 mo

Lip, oral cavity NL 1568 7 4 5 3 12
IT 4881 38

Larynx NL 660 66 40 8 5 20
IT 4275 128

Oropharynx NL 432 79 47 51 31 126
IT 1532 445

Hypopharynx NL 227 10 6 6 4 15
IT 591 38

Nasopharynx NL 82 10 6 10 6 25
IT 532 160

Tot HN NL 2969 172 103 80 48 197
IT 11,811 810

Data from literature are in italic.

G. Fontana, M. Pepa, A.M. Camarda et al.                                                                                                                 International Journal of Particle Therapy 16 (2025) 100745

6

https://doi.org/10.1016/j.annonc.2020.07.011
https://doi.org/10.1016/j.annonc.2020.07.011
https://doi.org/10.1016/j.annonc.2020.12.007
https://doi.org/10.1111/ecc.13255
https://doi.org/10.1111/ecc.13255
https://doi.org/10.3322/caac.21654
https://doi.org/10.1093/jnci/92.9.709
https://doi.org/10.1093/jnci/92.9.709
https://doi.org/10.1056/NEJMoa0912217
https://doi.org/10.1056/NEJMoa0912217
https://doi.org/10.1200/JCO.2015.61.4115
https://doi.org/10.1038/nrclinonc.2017.30
https://doi.org/10.1038/nrclinonc.2017.30


9. Paganetti H, Niemierko A, Ancukiewicz M, et al. Relative biological effectiveness 
(RBE) values for proton beam therapy. Int J Radiat Oncol Biol Phys. 2002;53:407–421. 
https://doi.org/10.1016/S0360-3016(02)02754-2

10. Paganetti H, Blakely E, Carabe‐Fernandez A, et al. Report of the AAPM TG‐256 on the 
relative biological effectiveness of proton beams in radiation therapy. Med Phys. 
2019;46:e53–e78. https://doi.org/10.1002/mp.13390

11. Tambas M, Van Der Laan HP, Steenbakkers RJHM, et al. Current practice in proton 
therapy delivery in adult cancer patients across Europe. Radiother Oncol. 
2022;167:7–13. https://doi.org/10.1016/j.radonc.2021.12.004

12. Lillo S, Mirandola A, Vai A, et al. Current status and future directions of proton 
therapy for head and neck carcinoma. Cancers. 2024;16:2085. https://doi.org/10. 
3390/cancers16112085

13. Chang C-L, Lin K-C, Chen W-M, Shia B-C, Wu S-Y. Comparing the oncologic outcomes 
of proton therapy and intensity-modulated radiation therapy for head and neck 
squamous cell carcinoma. Radiother Oncol. 2024;190:109971. https://doi.org/10. 
1016/j.radonc.2023.109971

14. Orlandi E, Fontana G, Licitra L, et al. Comprehensive insights on the underlying 
potential and advantage of proton therapy over intensity-modulated photon radia
tion therapy as highlighted in a wide real world data analysis. Radiother Oncol. 
2024;193:110122. https://doi.org/10.1016/j.radonc.2024.110122

15. Moreno AC, Frank SJ, Garden AS, et al. Intensity modulated proton therapy (IMPT) – 
the future of IMRT for head and neck cancer. Oral Oncol. 2019;88:66–74. https://doi. 
org/10.1016/j.oraloncology.2018.11.015

16. Zhang X, Williamson T, Frank SJ. Treatment plan characteristics for a phase III multi- 
institutional randomized trial comparing IMPT and IMRT for oropharyngeal cancer. 
Int J Part Ther. 2024;12:100177. https://doi.org/10.1016/j.ijpt.2024.100177

17. Frank SJ, Busse P, Rosenthal DI, et al. Phase III randomized trial of intensity- 
modulated proton therapy (IMPT) versus intensity-modulated photon therapy 
(IMRT) for the treatment of head and neck oropharyngeal carcinoma (OPC). JCO. 
2024;42:6006. https://doi.org/10.1200/JCO.2024.42.16_suppl.6006

18. Langendijk JA, Lambin P, De Ruysscher D, Widder J, Bos M, Verheij M. Selection of 
patients for radiotherapy with protons aiming at reduction of side effects: the model- 
based approach. Radiother Oncol. 2013;107:267–273. https://doi.org/10.1016/j. 
radonc.2013.05.007

19. Palma G, Monti S, Conson M, Pacelli R, Cella L. Normal tissue complication prob
ability (NTCP) models for modern radiation therapy. Semin Oncol. 2019;46:210–218. 
https://doi.org/10.1053/j.seminoncol.2019.07.006

20. Tambas M, Steenbakkers RJHM, Van Der Laan HP, et al. First experience with model- 
based selection of head and neck cancer patients for proton therapy. Radiother Oncol. 
2020;151:206–213. https://doi.org/10.1016/j.radonc.2020.07.056

21. Langendijk JA, Hoebers FJP, De Jong MA, et al. National protocol for model-based 
selection for proton therapy in head and neck cancer. Int J Part Ther. 
2021;8:354–365. https://doi.org/10.14338/IJPT-20-00089.1

22. LInee guida e raccomandazioni " Associazione Italiana di Radioterapia ed Oncologia 
Clinica. Associazione Italiana di Radioterapia ed Oncologia Clinica n.d. Accessed 
September 13, 2024. https://www.radioterapiaitalia.it/linee-guida- 
raccomandazioni/.

23. Orecchia R, Krengli M, Amichetti M, et al. Gruppo di Studio sulla radioterapia con 
adroni: implementazione di una rete di centri clinici sul territorio nazionale italiano. 
Associazione Italiana Di Radioterapia Oncologica, Rapporto Conclusivo. 2004.

24. Krengli M, Pergolizzi S, Iotti C. Hadrontherapy in the context of cancer care in Italy. 
Health Technol. 2024;14:841–845. https://doi.org/10.1007/s12553-024-00846-7

25. PTCOG - Home n.d. Accessed September 13, 2024. https://www.ptcog.site/.
26. Sloep M, Kalendralis P, Choudhury A, et al. A Knowledge graph representation of 

baseline characteristics for the Dutch proton therapy research registry 2021.
27. Kalendralis P, Sloep M, Choudhury A, et al. Technical note: a knowledge graph ap

proach to registering tumour specific data of patient‐candidates for proton therapy in 
the Netherlands. Med Phys. 2023;50:1044–1050. https://doi.org/10.1002/mp.16105

28. Friborg J, Jensen K, Eriksen JG, et al. Considerations for study design in the 
DAHANCA 35 trial of protons versus photons for head and neck cancer. 
Radiother Oncol. 2024;190:109958. https://doi.org/10.1016/j.radonc.2023.109958

29. Hansen CR, Friborg J, Jensen K, et al. NTCP model validation method for DAHANCA 
patient selection of protons versus photons in head and neck cancer radiotherapy. 
Acta Oncol. 2019;58:1410–1415. https://doi.org/10.1080/0284186X.2019.1654129

30. Boscolo-Rizzo P, Zorzi M, Del Mistro A, et al. The evolution of the epidemiological 
landscape of head and neck cancer in Italy: is there evidence for an increase in the 
incidence of potentially HPV-related carcinomas? PLoS One. 2018;13:e0192621. 
https://doi.org/10.1371/journal.pone.0192621

31. Mazzola GC, Bergamaschi L, Pedone C, et al. Patients’ needs in proton therapy: a 
survey among ten European facilities. Clin Transl Radiat Oncol. 2023;43:100670. 
https://doi.org/10.1016/j.ctro.2023.100670

32. ESTRO - RO in your country n.d. Accessed September 13, 2024. https://www.estro. 
org/Advocacy/RO-in-your-country.

33. Grau C, Defourny N, Malicki J, et al. Radiotherapy equipment and departments in the 
European countries: final results from the ESTRO-HERO survey. Radiother Oncol. 
2014;112:155–164. https://doi.org/10.1016/j.radonc.2014.08.029

34. Vai A, Molinelli S, Rossi E, et al. Proton radiation therapy for nasopharyngeal cancer 
patients: dosimetric and NTCP evaluation supporting clinical decision. Cancers. 
2022;14:1109. https://doi.org/10.3390/cancers14051109

35. Mirandola A, Russo S, Bonora M, et al. A patient selection approach based on NTCP 
models and DVH parameters for definitive proton therapy in locally advanced si
nonasal cancer patients. Cancers. 2022;14:2678. https://doi.org/10.3390/ 
cancers14112678

36. I Centri di Radioterapia in Italia " Associazione Italiana di Radioterapia ed Oncologia 
Clinica. Associazione Italiana di Radioterapia ed Oncologia Clinica n.d. Accessed 
September 13, 2024. https://www.radioterapiaitalia.it/ricerca-centri-radioterapia/.

37. Tambas M, Van Der Laan HPVD, Van Der Schaaf AVD, Steenbakkers RJHM, 
Langendijk JA. A decision support tool to optimize selection of head and neck cancer 
patients for proton therapy. Cancers. 2022;14:681. https://doi.org/10.3390/ 
cancers14030681

38. Huet‐Dastarac M, Michiels S, Rivas ST, et al. Patient selection for proton therapy 
using normal tissue complication probability with deep learning dose prediction for 
oropharyngeal cancer. Med Phys. 2023;50:6201–6214. https://doi.org/10.1002/mp. 
16431

39. Sher DJ, Tishler RB, Pham N-L, Punglia RS. Cost-effectiveness analysis of intensity 
modulated radiation therapy versus proton therapy for oropharyngeal squamous cell 
carcinoma. Int J Radiat Oncol Biol Phys. 2018;101:875–882. https://doi.org/10. 
1016/j.ijrobp.2018.04.018

40. Cheng Q, Roelofs E, Ramaekers BLT, et al. 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;118:281–285. https://doi.org/10.1016/j.radonc.2015.12.029

41. Sherry AD, Pasalic D, Gunn GB, et al. Proton beam therapy for head and neck car
cinoma of unknown primary: toxicity and quality of life. Int J Part Ther. 
2021;8:234–247. https://doi.org/10.14338/IJPT-20-00034.1

42. Brodin NP, Kabarriti R, Schechter CB, et al. Individualized quality of life benefit and 
cost-effectiveness estimates of proton therapy for patients with oropharyngeal 
cancer. Radiat Oncol. 2021;16:19. https://doi.org/10.1186/s13014-021-01745-1

43. Verma V, Mishra MV, Mehta MP. A systematic review of the cost and cost‐effec
tiveness studies of proton radiotherapy. Cancer. 2016;122:1483–1501. https://doi. 
org/10.1002/cncr.29882

44. Li G, Xia Y, Huang Y, et al. Intensity‐modulated proton radiation therapy as a radical 
treatment modality for nasopharyngeal carcinoma in China: cost‐effectiveness ana
lysis. Head Neck. 2022;44:431–442. https://doi.org/10.1002/hed.26941

45. Ramaekers BLT, Grutters JPC, 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;85:1282–1288. https://doi.org/10.1016/j.ijrobp.2012.11.006

46. Bharathi R P, Ms A, Kamath A. A systematic review of the economic burden of proton 
therapy in head and neck cancer. Asian Pac J Cancer Prev. 2023;24:3643–3653. 
https://doi.org/10.31557/APJCP.2023.24.11.3643

47. Fattore G. Le linee-guida AIES sulla valutazione economica degli interventi sanitari. 
Pharmacoeconomics-Ital-Res-Articles. 2009;11:81–82. https://doi.org/10.1007/ 
BF03320659

48. Del Mistro A, Frayle H, Menegaldo A, et al. Age-independent increasing prevalence of 
human papillomavirus-driven oropharyngeal carcinomas in North-East Italy. Sci Rep. 
2020;10:9320. https://doi.org/10.1038/s41598-020-66323-z

49. PTCOG - Facilities in Operation n.d. Accessed September 13, 2024. https://www. 
ptcog.site/index.php/facilities-in-operation-public.

50. PTCOG - Facilities under Construction n.d. Accessed January 30, 2025. https://www. 
ptcog.site/index.php/facilities-under-construction.

51. Aarts M, van Hoogstraten L, Bijlsma MJ, de Groot J, Siesling S. Update Report, 
Protonentherapie 2022, Estimate of the Required Capacity Up. IKNL; 2022 
[IKNL_rapport_protonen_hr.pdf].

52. Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022: GLOBOCAN es
timates of incidence and mortality worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 2024;74:229–263. https://doi.org/10.3322/caac.21834

53. Cancer Today n.d. Accessed September 13, 2024. https://gco.iarc.who.int/today/en/ 
fact-sheets-populations#countries.

54. ProTRAIT n.d. Accessed September 13, 2024. https://www.clinicaldatascience.nl/ 
protrait.

55. Grau C, Dasu A, Troost EGC, et al. Towards a European prospective data registry for 
particle therapy. Radiother Oncol. 2024;196:110293. https://doi.org/10.1016/j. 
radonc.2024.110293

56. Grau C, Baumann M, Weber DC. Optimizing clinical research and generating pro
spective high-quality data in particle therapy in Europe: introducing the European 
Particle Therapy Network (EPTN). Radiother Oncol. 2018;128:1–3. https://doi.org/ 
10.1016/j.radonc.2018.06.021

57. Langendijk JA, Orecchia R, Haustermans K, et al. Prospective data registration and 
clinical trials for particle therapy in Europe. Radiother Oncol. 2018;128:9–13. https:// 
doi.org/10.1016/j.radonc.2018.06.001

58. Li G, Qiu B, Huang Y-X, et al. Cost-effectiveness analysis of proton beam therapy for 
treatment decision making in paranasal sinus and nasal cavity cancers in China. BMC 
Cancer. 2020;20:599. https://doi.org/10.1186/s12885-020-07083-x

59. Li G, Xia Y-F, Huang Y-X, et al. Optimizing oropharyngeal cancer management by 
using proton beam therapy: trends of cost-effectiveness. BMC Cancer. 2021;21:944. 
https://doi.org/10.1186/s12885-021-08638-2

60. Wang F, Zhang H, Xue Y, et al. A systematic investigation of the association between 
HPV and the clinicopathological parameters and prognosis of oral and oropharyngeal 

G. Fontana, M. Pepa, A.M. Camarda et al.                                                                                                                 International Journal of Particle Therapy 16 (2025) 100745

7

https://doi.org/10.1016/S0360-3016(02)02754-2
https://doi.org/10.1002/mp.13390
https://doi.org/10.1016/j.radonc.2021.12.004
https://doi.org/10.3390/cancers16112085
https://doi.org/10.3390/cancers16112085
https://doi.org/10.1016/j.radonc.2023.109971
https://doi.org/10.1016/j.radonc.2023.109971
https://doi.org/10.1016/j.radonc.2024.110122
https://doi.org/10.1016/j.oraloncology.2018.11.015
https://doi.org/10.1016/j.oraloncology.2018.11.015
https://doi.org/10.1016/j.ijpt.2024.100177
https://doi.org/10.1200/JCO.2024.42.16_suppl.6006
https://doi.org/10.1016/j.radonc.2013.05.007
https://doi.org/10.1016/j.radonc.2013.05.007
https://doi.org/10.1053/j.seminoncol.2019.07.006
https://doi.org/10.1016/j.radonc.2020.07.056
https://doi.org/10.14338/IJPT-20-00089.1
https://www.radioterapiaitalia.it/linee-guida-raccomandazioni/
https://www.radioterapiaitalia.it/linee-guida-raccomandazioni/
http://refhub.elsevier.com/S2331-5180(25)00008-3/sbref22
http://refhub.elsevier.com/S2331-5180(25)00008-3/sbref22
http://refhub.elsevier.com/S2331-5180(25)00008-3/sbref22
https://doi.org/10.1007/s12553-024-00846-7
https://www.ptcog.site/
https://doi.org/10.1002/mp.16105
https://doi.org/10.1016/j.radonc.2023.109958
https://doi.org/10.1080/0284186X.2019.1654129
https://doi.org/10.1371/journal.pone.0192621
https://doi.org/10.1016/j.ctro.2023.100670
https://www.estro.org/Advocacy/RO-in-your-country
https://www.estro.org/Advocacy/RO-in-your-country
https://doi.org/10.1016/j.radonc.2014.08.029
https://doi.org/10.3390/cancers14051109
https://doi.org/10.3390/cancers14112678
https://doi.org/10.3390/cancers14112678
https://www.radioterapiaitalia.it/ricerca-centri-radioterapia/
https://doi.org/10.3390/cancers14030681
https://doi.org/10.3390/cancers14030681
https://doi.org/10.1002/mp.16431
https://doi.org/10.1002/mp.16431
https://doi.org/10.1016/j.ijrobp.2018.04.018
https://doi.org/10.1016/j.ijrobp.2018.04.018
https://doi.org/10.1016/j.radonc.2015.12.029
https://doi.org/10.14338/IJPT-20-00034.1
https://doi.org/10.1186/s13014-021-01745-1
https://doi.org/10.1002/cncr.29882
https://doi.org/10.1002/cncr.29882
https://doi.org/10.1002/hed.26941
https://doi.org/10.1016/j.ijrobp.2012.11.006
https://doi.org/10.31557/APJCP.2023.24.11.3643
https://doi.org/10.1007/BF03320659
https://doi.org/10.1007/BF03320659
https://doi.org/10.1038/s41598-020-66323-z
https://www.ptcog.site/index.php/facilities-in-operation-public
https://www.ptcog.site/index.php/facilities-in-operation-public
https://www.ptcog.site/index.php/facilities-under-construction
https://www.ptcog.site/index.php/facilities-under-construction
http://refhub.elsevier.com/S2331-5180(25)00008-3/sbref44
http://refhub.elsevier.com/S2331-5180(25)00008-3/sbref44
http://refhub.elsevier.com/S2331-5180(25)00008-3/sbref44
https://doi.org/10.3322/caac.21834
https://gco.iarc.who.int/today/en/fact-sheets-populations#countries
https://gco.iarc.who.int/today/en/fact-sheets-populations#countries
https://www.clinicaldatascience.nl/protrait
https://www.clinicaldatascience.nl/protrait
https://doi.org/10.1016/j.radonc.2024.110293
https://doi.org/10.1016/j.radonc.2024.110293
https://doi.org/10.1016/j.radonc.2018.06.021
https://doi.org/10.1016/j.radonc.2018.06.021
https://doi.org/10.1016/j.radonc.2018.06.001
https://doi.org/10.1016/j.radonc.2018.06.001
https://doi.org/10.1186/s12885-020-07083-x
https://doi.org/10.1186/s12885-021-08638-2


squamous cell carcinomas. Cancer Med. 2017;6:910–917. https://doi.org/10.1002/ 
cam4.1045

61. Oguejiofor KK, Hall JS, Mani N, et al. The prognostic significance of the biomarker 
p16 in oropharyngeal squamous cell carcinoma. Clin Oncol. 2013;25:630–638. 
https://doi.org/10.1016/j.clon.2013.07.003

62. Lechner M, Liu J, Masterson L, Fenton TR. HPV-associated oropharyngeal cancer: 
epidemiology, molecular biology and clinical management. Nat Rev Clin Oncol. 
2022;19:306–327. https://doi.org/10.1038/s41571-022-00603-7

63. Baijens LWJ, Walshe M, Aaltonen L-M, et al. European white paper: oropharyngeal 
dysphagia in head and neck cancer. Eur Arch Otorhinolaryngol. 2021;278:577–616. 
https://doi.org/10.1007/s00405-020-06507-5

64. Morbini P, Alberizzi P, Ferrario G, et al. The evolving landscape of human papillo
mavirus-related oropharyngeal squamous cell carcinoma at a single institution in 
Northern Italy. Acta Otorhinolaryngol Ital. 2019;39:9–17. https://doi.org/10.14639/ 
0392-100X-1905

65. Tambas M, Van Der Laan HP, Rutgers W, et al. Development of advanced preselec
tion tools to reduce redundant plan comparisons in model-based selection of head 
and neck cancer patients for proton therapy. Radiother Oncol. 2021;160:61–68. 
https://doi.org/10.1016/j.radonc.2021.04.012

66. Nam H, Ahn YC, Yang K, Oh D, Noh JM. Re-irradiation with moderate hypo-frac
tionation using intensity modulated photon or proton radiation therapy in locally 
recurrent squamous cell carcinoma of nasopharynx. Cancer Res Treat. 
2022;54:96–108. https://doi.org/10.4143/crt.2020.1349

67. Amstutz F, Krcek R, Bachtiary B, et al. Treatment planning comparison for head and 
neck cancer between photon, proton, and combined proton–photon therapy – from a 
fixed beam line to an arc. Radiother Oncol. 2024;190:109973. https://doi.org/10. 
1016/j.radonc.2023.109973

Giulia Fontana (MSc)
Clinical Department, CNAO National Center for Oncological 

Hadrontherapy, Pavia, Italy

Matteo Pepa (MSc)∗
Bioengineering Unit, Clinical Department, CNAO National Center for 

Oncological Hadrontherapy, Pavia, Italy
E-mail address: matteo.pepa@cnao.it

Anna Maria Camarda (MD)
Radiation Oncology Unit, Clinical Department, CNAO National Center for 

Oncological Hadrontherapy, Pavia, Italy

Mimoza Strikchani (MSc)
Administrative Department, CNAO National Center for Oncological 

Hadrontherapy, Pavia, Italy

Michela Meregaglia (PhD)
Center for Research on Health and Social Care Management (CERGAS), 

SDA Bocconi School of Management, Milan, Italy

Alessandro Vai (MSc), Alfredo Mirandola (MSc)
Medical Physics Unit, Clinical Department, CNAO National Center for 

Oncological Hadrontherapy, Pavia, Italy

Barbara Vischioni (MD, PhD)
Radiation Oncology Unit, Clinical Department, CNAO National Center for 

Oncological Hadrontherapy, Pavia, Italy

Andrea Pella (PhD)
Bioengineering Unit, Clinical Department, CNAO National Center for 

Oncological Hadrontherapy, Pavia, Italy

Guido Baroni (PhD)
Bioengineering Unit, Clinical Department, CNAO National Center for 

Oncological Hadrontherapy, Pavia, Italy
Department of Electronics, Information and Bioengineering, Politecnico di 

Milano (POLIMI), Milan, Italy

Barbara Alicja Jereczek-Fossa (MD, PhD)
Department of Oncology and Hemato-Oncology, University of Milan, Milan, 

Italy
Department of Radiation Oncology, IEO European Institute of Oncology 

IRCCS, Milan, Italy

Marta Scorsetti (MD)
Department of Biomedical Sciences, Humanitas University, Pieve Emanuele, 

Milan, Italy
Department of Radiotherapy and Radiosurgery, IRCCS Humanitas Research 

Hospital, Rozzano, Milan, Italy

Marco Cianchetti (MD)
Proton Therapy Unit, Azienda Provinciale per i Servizi Sanitari, Trento, Italy

Elisa D’Angelo (MD)
Radiation Oncology Department, Bellaria Hospital, AUSL of Bologna, 

Bologna, Italy

Pierluigi Bonomo (MD)
Department of Radiation Oncology, Azienda Ospedaliero-Universitaria 

Careggi, University of Florence, Florence, Italy

Marco Krengli (MD)
Department of Surgery, Oncology and Gastroenterology (DISCOG), 

University of Padova, Padova, Italy
Radiotherapy Unit, Veneto Institute of Oncology IOV - IRCCS, Padova, Italy

Ester Orlandi (MD)
Department of Clinical, Surgical, Diagnostic, and Pediatric Sciences, 

University of Pavia, Pavia, Italy
Radiation Oncology Unit, Clinical Department, CNAO National Center for 

Oncological Hadrontherapy, Pavia, Italy

∗ Corresponding author.

G. Fontana, M. Pepa, A.M. Camarda et al.                                                                                                                 International Journal of Particle Therapy 16 (2025) 100745

8

https://doi.org/10.1002/cam4.1045
https://doi.org/10.1002/cam4.1045
https://doi.org/10.1016/j.clon.2013.07.003
https://doi.org/10.1038/s41571-022-00603-7
https://doi.org/10.1007/s00405-020-06507-5
https://doi.org/10.14639/0392-100X-1905
https://doi.org/10.14639/0392-100X-1905
https://doi.org/10.1016/j.radonc.2021.04.012
https://doi.org/10.4143/crt.2020.1349
https://doi.org/10.1016/j.radonc.2023.109973
https://doi.org/10.1016/j.radonc.2023.109973
mailto:matteo.pepa@cnao.it

	Envisioning an Italian Head and Neck Proton Therapy Model-Based Selection: Challenge and Opportunity
	Introduction
	Head and neck cancer model-based selection: The Northern Europe experience
	Envisioning the Italian model-based selection strategy
	Italian head and neck cancer model-based selection: Scientific, clinical, technical, and socio-economic design and challenges
	Cost-effectiveness of model-based selection in head and neck cancer
	The Italian model-based selection scenario: Preliminary feasibility evaluations on the head and neck cancers proton therapy volumes

	Discussion
	Conclusion
	Ethics
	Funding
	Author Contributions
	Declaration of Conflicts of Interest
	References




