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ABSTRACT:   Alongside surgery, radiation therapy remains the mainstay of treatment for head and neck cancers.  Because the head 
and neck contain a number of critically important structures, it is crucial to try to curtail the adverse effects of radi-
ation therapy by increasing its precision. Such precise radiation techniques include the three-dimensional confor-
mal as well as highly conformal radiotherapy. The latter includes, for instance, intensity modulated radiation therapy 
(IMRT), stereotactic radiation, and proton-beam therapy. All of the above-mentioned techniques are available in Po-
land and give the opportunity of a more aggressive treatment that lead to improved outcomes, curtailment of adverse 
effects, and by that, a better quality of life.
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STRESZCZENIE:    Radioterapia (obok chirurgii) stanowi niezmiennie podstawową metodę leczenia chorych na nowotwory narządów 
Głowy i Szyi. Ze względu na istnienie w rejonie Głowy i Szyi wielu struktur krytycznych, w celu ich oszczędzenia 
i zmniejszenia odczynów popromiennych konieczne jest stosowanie precyzyjnych technik napromieniania ta-
kich jak: technika konformalną 3D oraz techniki wysokokonformalne. Do technik wysokokonformalnych zalicza-
my: technikę modulacji intensywności wiązki napromieniania IMRT (IMRT – ang. intensity modulated radiation 
therapy), napromienianie stereotaktyczne oraz napromienianie wiązka protonową. Wszystkie te techniki są już 
dostępne w Polsce i dają możliwość stosowania bardziej agresywnej terapii w celu poprawy wyników leczenia i zm-
niejszenia jego skutków ubocznych, co przekłada się na poprawę komfortu życia chorych. 

SŁOWA KLUCZOWE:   pozytonowa emisyjna tomografia komputerowa, radioterapia, gardło, apoptoza

Alongside surgery, radiation therapy remains the mainstay 
of treatment for head and neck cancer. In radiation therapy, 
the therapeutic effect is achieved by damaging the suscep-
tible structures of cancer cells, which is assumed to induce 
cell death. The ionizing radiation causes cell death either 
directly or indirectly. The direct effect is the result of the 
damage to essential cellular structures, including the DNA, 
which leads to cell death after several divisions. In the case 
of photon radiation, characterized by a low linear energy 
transfer ratio, the direct effect concerns less than 10% of 
cancer cells. Therefore, cell death is mostly the result of 

indirect damage. The ionizing radiation causes intracellu-
lar hydrolysis, which induces free radical formation. Sub-
sequently, free radicals damage the intracellular structures 
including DNA - this causes sublethal or potentially lethal 
defects leading to apoptosis (Fig. 1, 2). Some of these defects 
are reversed by intracellular repair systems. Moreover, the 
efficiency of cell damage through the indirect effect is de-
pendent on the state of oxygenation of the tumor (oxygen 
is essential for free radical generation) and on the suscep-
tibility of the tumor to radiation, which is in turn associat-
ed with the degree of cellular differentiation. These factors 
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restrain the efficacy of radiation therapy, and at the same 
time, provide molecular targets for targeted therapy that is 
supposed to overcome resistance to radiation, and conse-
quently, lead to an improved therapeutic index. 

The ionizing radiation exerts its effects not only on the can-
cer cell, but also, albeit to a lesser degree, on the surrounding 
tissue that has been enfolded within the radiation volume. In-
evitably, this leads to adverse reactions in the healthy tissue, 
which determines the maximal dose of radiation that can be 
used. Consequently, there is a tradeoff between the efficacy of 
radiation therapy and the severity of adverse reactions. There 
are early and late radiation therapy reactions. The early reac-
tions unfold during therapy and remain for several weeks after 
its discontinuation. The late reactions are those reactions that 
are observed more than 6 months after treatment. In the case 
of the head and neck radiotherapy, early and late reactions in 
the mucous membranes as well as late reactions in the salivary 
glands, spinal cord, optic nerves, intraorbital structures, carti-
lage, and bones are of particular importance (1, 2, 3).  

Because the head and neck contain a number of critically 
important structures, it is crucial to try to curtail the adverse 
effects of radiation therapy by increasing its precision. Due 
to the technological advancements in the last three decades, 
we are now able to use modern radiation techniques that 
enable an efficacious protection of the healthy tissue, which 
results in higher doses of radiation being used, and by that, 
in improved outcomes. The three-dimensional conformal 
radiation therapy is one of those techniques, which is now 
a standard treatment in every institution in Poland. The 
three-dimensional conformal radiation therapy is planned 
based on three-dimensional reconstructions derived from 
imaging studies such as computerized tomography, magnet-
ic resonance imaging, and positron emission tomography. 
The following techniques are regarded as highly conformal 
radiation techniques:
•	 Intensity modulated radiation therapy (IMRT) 
•	 Stereotactic radiation 
•	 Proton beam radiation 

Intensity modulated radiation therapy (IMRT)

Having such a precise means of radiation therapy as the 
IMRT (4,5) or other highly conformal radiation techniques, a 
key issue is to ensure the patient’s stability in order to elimi-
nate potential errors associated with routine treatment plan 
implementation. To that end, the patient is stabilized in a 
most comfortable position with an orfit mask attached to 
the table. Then, the reproduction of patient position and 
movability of less than 3 millimeters of the patient within 

the mask should be achieved. If the deviation is less than 
3 millimeters, a contrast-enhanced computerized tomog-
raphy is performed for further treatment planning in the 
therapeutic position. 

The IMRT requires a radiation oncologist to precisely deter-
mine the therapeutic areas (based on CT scans) and thereaf-
ter to choose an appropriate dose of radiation. Moreover, the 
critical organs in the vicinity of the therapeutic are described, 
and the radiation dose for each of them is estimated

GTV (gross tumor volume) – macroscopically visible tumor, 
palpable on physical examination, and seen on CT, MRI, or 
PET (used for the primary tumor and lymph node metastases)

CTV (clinical tumor volume) – the area of high-risk subclini-
cal infiltration (a margin of 10-15 mm around the GTV in the 
soft tissues; in the vicinity of naturals barriers, such as bones, 
the margin is smaller) 

Fig. 1.  Free radical generation
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Fig. 2.  Radiation-induced cancer cell damage

Fig. 3.  Differences in radiation volume estimation between CT and PET-CT
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CTV – it encompasses also the elective lymph nodes in the 
neck (the range of elective radiation is always dependent on the 
N and T scores, and on the degree of cellular differentiation. 

CTV 1 – it encompasses the area of a lower risk of subclinical 
infiltration and the remaining lymph nodes. 

PTV( planning tumor volume) – it encompasses CTV with a 
margin of 3 millimeters that takes into account the movabil-
ity of the patient and potential deviations in patient position.  

Routinely, the radiation areas are determined by radiation on-
cologists based on anatomical information derived from con-

Fig. 4.   Delineation of radiation areas based on PET-CT 

trast-enhanced CT or MRI, and more recently also PET-CT 
studies, performed in the therapeutic position. A combined use 
of CT with FDG-PET allows for a more precise treatment plan-
ning, which is based on the molecular and biological activity 
of macroscopically infiltrated areas – both primary and meta-
static. (Fig. 3, 4). Consequently, we now know more about the 
biologically active areas, which is very important for SIB-IMRT 
(simultaneous integrated boost – IMRT) – a technique which 
enables the use of higher radiation doses in areas of increased 
FDG uptake with a concomitant reduction of radiation in the 
surrounding tissue. It is likely that a more precise GTV esti-
mation with subsequent dose escalation in that area will result 
in better outcomes of SIB-IMRT.
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Fig. 5.  Dose distribution for IMRT of a non-operable lesion of the paranasal sinuses 

The application of IMRT-type techniques that use stand-
ard radiation doses, i.e. 2 Gy within the tumor, has led to 
a reduction in radiation reactions but not to an improved 
outcome (Fig. 5). Owing to the simultaneous modulation 
of both the shape and dose of radiation, the IMRT enables 
the use of increased radiation doses within the tumor and 
at the same time of lower fractional doses in other areas, 
which spares the critical structures surrounding the tu-

mor. Therefore, this technique has been termed the simul-
taneous integrated boost IMRT (SIB-IMRT) [7, 8]. During 
each fraction of SIB-IMRT, a dose greater than the standard 
dose of 2 Gy is administered within the tumor area, where-
as electively radiated areas receive lower doses. There are 
two potential benefits of SIB-IMRT. Firstly, in comparison 
to standard IMRT, SIB-IMRT requires a shorter time peri-
od for the administration of a given radiation dose to the 
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Fig. 6.  Radiation dose distribution for SIB-IMRT following a non-radical surgery for thyroid cancer 

Fig. 7.  GammaKnife Fig. 8.  True Beam accelerator 
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primary tumor site and/or lymph node metastases as well 
as the administration of a higher fractional dose to the pri-
mary tumor site, which may be associated with a potential 
improvement of local efficacy leading to a better locoregion-
al outcome. In other words, SIB-IMRT is a new approach 
to accelerated radiation [9, 10, 11, 12,13]. Secondly, owing 
to the modulation of radiation beam intensity, the healthy 
tissue surrounding the tumor receives lower doses of ra-
diation, which is reflected by a more favorable treatment 
tolerance in such an aggressive treatment approach as ra-
diochemotherapy (Fig. 6). 

STEREOTACTIC RADIATION THERAPY 

The development of stereotactic radiation therapy in Po-
land has been very dynamic over the last five years. Ste-
reotactic radiation therapy is a method based on a very 
precise administration of either a single dose of radiation 
(radiosurgery) or multiple daily doses that are higher than 
the standard dose (fractional stereotactic radiation). Dur-
ing stereotactic radiation therapy, the only area to which 
radiation is administered is the macroscopically visible tu-
mor site with no elective radiation areas. Among head and 
neck tumors in which stereotactic surgery might be indi-
cated on can include meningiomas or neuromas located 
on the base of the skull, single brain metastases in patients 
in a good general condition, hormonally active pituitary 

Fig. 9.  CyberKnife

Fig. 10.  Attachment of a stereotactic frame for radiosurgery with GammaKnife 

Fig. 11.  Stereotactic mask used for head stabilization in fractional stereotactic 
radiation therapy – CyberKnife, Accelerator

Fig. 12.  Distribution of isodoses in radiosurgery – dose of 18 Gy in an 80% isodosis 
(GammaKnife)  
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Fractional stereotactic radiation is used when the tumor infil-
tration area is greater than 15 cm3 or abuts critically impor-
tant structures (Fig. 13).

PROTON BEAM RADIATION

Proton beam radiation, owing to its geometry (Pik Bragga, Fig. 
14), allows for tumor site irradiation at a significantly lower 
rate of adverse reactions in the healthy tissue. It can be used 
in multiple and neck tumors as a stand-alone treatment or as 
an adjunctive treatment in photon beam radiation therapy. 

The most common indications for proton beam radiation are 
situation in which the tumor infiltration area is located in the 
vicinity of vital organs. Then, the administration of radical 
doses, even when the highly conformal radiation techniques 
such as IMRT are used, can be associated with the risk serious 

adenomas, tumors neighboring critically important struc-
tures (base of the skull, spinal cord), and tumors requiring 
re-radiation. Stereotactic radiation can be performed with 
gamma radiation (GammaKnife – 192 cobalt sources, Fig. 
8) or with photon radiation (CyberKnife, Accelerator, Fig. 
8, 9) [14,15,16,17,18,19]. Because of the need to administer 
a very high dose of radiation in a single session, it is crucial 
to reduce the movability of the head as much as possible. 
There are two methods used for head stabilization – the ste-
reotactic frame and an orfit mask. The stereotactic frame 
is attached to the head with four fiber carbon screws that 
have ceramic tips – this method is used primarily for Gam-
maknife radiation (Fig. 10). The orfit mask, in turn, enables 
a high repeatability of fractional radiation (Fig. 11). Stere-
otactic radiation therapy can be performed in a single ses-
sion – radiosurgery with the use of radiation doses of 12 – 
34 Gy (Fig. 12), or as fractional radiation in which the total 
dose is administered in 3 – 6 session.

Fig. 13.  Distribution of isodoses in fractional sterotacitc radiation for a dose of 30 Gy in 5 fractions 
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paravertebral area, tumors of the paranasal sinuses  - maxil-
lary sinuses, nasal sinuses that infiltrate the base of the skull 
(carcinoma adenoides cysticum, adenocarcinoma, malignant 
melanoma), and certain tumors in children (e.g. medulloblas-
toma, sarcomas, CNS tumors)[ 20,21,22,23,].

Proton beam radiation can be used as a stand-alone treatment 
or as an adjunctive treatment in photon beam radiation for the 
treatment of advanced tumors of the nasopharynx that infil-
trate the base of the skull, when it is necessary to include the 
whole lymphatic system of the neck in the radiation volume. 

Such a dynamic development of the highly precise radiation 
techniques in Poland gives the possibility to use more aggres-
sive treatments to achieve better clinical outcomes without an 
increased risk of adverse effects, which leads to the improve-
ment of the patient quality of life.

adverse effects. The physical properties of the proton beam 
allow for: (1) precise application of a high (therapeutic) dose 
within a strictly defined volume, (2) reduction of volume and 
dose in the healthy tissue and vital organs located in the vi-
cinity of the tumor or on the pathway of the beam, (3) reduc-
tion of the total radiation dose. The major benefit of proton 
beam radiation is the possibility to use high radiation doses 
with a reduced risk for the healthy tissue and the vital organs 
neighboring the tumor. This is reflected by an improved lo-
coreginal outcome and a better safety profile (Fig. 15). The 
indications for proton beam radiation result from the phys-
ical properties of this method, which enables the treatment 
of tumors of, continuous with, or localized in the vicinity of 
vital organs. Moreover, proton beam radiation is used when 
the reduction of adverse effects is crucial. The classical indi-
cations for proton beam radiation include the melanoma of 
the eye, tumors localized on the base of the skull and in the 

Fig. 14.  Comparison of beam geometry for gamma, photon, and proton radiation



artykuł poglądowy / review article

WWW.OTORHINOLARYNGOLOGYPL.COM10

Word count: 2160 Tables: – Figures: 14 References: 23

Access the article online: DOI: 10.5604/20845308.1184966 Full-text PDF: www.otorhinolaryngologypl.com/fulltxt.php?ICID=1184966

Corresponding author: Dorota Kiprian, Department of Head and Neck Cancer, Center for Oncology, Warsaw, Poland; e- mail: dkiprian@coi.pl

Copyright © 2015 Polish Society of Otorhinolaryngologists  Head and Neck Surgeons. Published by Index Copernicus Sp. z o.o. All rights reserved 

Competing interests: The authors declare that they have no competing interests.

Cite this article as: Kiprian D,: Modern radiation techniques for treatment of head and neck cancers. Pol Otorhino Rev 2015; 4(4): 1-10

References
1. Trotti A., Bellm L.A., Epstein J.B., Frame D., Fuchs H.J., Gwede C.K. et al.: Mucositis incidence, severity and associated outcomes in patients with head and 

neck cancer receiving radiotherapy with or without chemotherapy: a systematic literature review. Radiother Oncol. 2003; 66: 253–262.

2. Sonis 2004 CANCER Supplement. 

3. Scardina G.A., Pisano T., Messina P.: Oral mucositis. Review of literature. NY State Dent J. 2010; 76: 34–38.

4. Wen-Yen H., Yee-Min J., Chang-Ming Ch. et al.: Intensity modulated radiotherapy with concurrent chemotherapy for larynx preservation of advanced re-
spectable hypopharyngeal cancer. Radiat Oncol. 2010; 5: 37.

5. Liu W.S., Hsin C.H., Chou Y.H., Liu J.T. et al.: Long – term results of intensity – modulated radiotherapy concomitant with chemotherapy for hypopharyn-
geal carcinoma aimed at laryngeal preservation. BMC Cancer. 2010; 10: 102. 

6. Studer G., Huguenin P.U., Davis J.B., Lutolf U.M., Glanzmann C.: IMRT using simultaneously integrated boost (SIB) in head and neck patients. Radiat Oncol. 2006; 31 :1–7.

7. Lauve A., Morris M., Schmidt Ullrich R.S. et al.: Simultaneous integrated boost intensity modulated radiotherapy for locally advances head and neck squa-
mous cell carcinomas, II-clinicla results. Int J Radiat Oncol Biol Phys. 2004; 60: 374–387.

8. Schwartz M., Vuong T., Ballivy O., Parker W., Patrocinio H.: Accelerated radiotherapy with simultaneous integrated boost fractionation and intensity-mod-
ulated radiotherapy for advanced head and neck cancer. Otolaryngol Head Neck Surg. 2007; 136: 549–555.

9. Guerrero Urbano T., Clark C.H., Hansen V.N. et al.: A Phase I study of dose-escalated chemoradiation with accelerated intensity modulated radiotherapy in 
locally advanced head and neck cancer. Radiot Oncol. 2007; 85 :36–41.

10. Studer A.G., Huguenin P.U., Davis J.B., Lütolf U.M., Glanzmann C.: IMRT using simultaneously integrated boost (SIB) in head and neck patients. Radiat Oncol. 2006; 31: 1–7.

11. Lauve A., Morris M., Schmidt-Ulrich R.S. et al.: Simultaneous integrated boost intensity modulated radiotherapy for locally advances head and neck squa-
mous cell carcinomas, II-clinicla results. Int J Radiat Oncol Biol Phys. 2004; 60: 374–87.

12. De Arruda F.F., Puri D.R., Zhung J. et al.: Intensity modulated radiation therapy for the treatment of oropharyngeal carcinoma; the Memorial Sloan-Kettering 
Cancer Center experience. Int J Radiat Oncol Biol Phys. 2006; 64: 363–373.

13. Kwong D.L., Sham J.S., Leung L.H. et al.: Preliminary results of radiation dose escalation for locally advanced nasopharyngeal carcinoma. Int J Radiat Oncol 
Biol Phys. 2006; 64: 374–381.

14. Balagamwala E.H., Chao A.B., Suh J.H.: Principles of radiobiology of stereotactic radiosurgery and clinical applications in the central nervous system. Tech-
nol Cancer Res Treat. 2012, 11: 3–13.

15. Adler J.R. Jr, Gibbs I.C., Puataweepong P., Chang V.S.D.: Visual field preservation after multisession cyber-knife radiosurgery for perioptic lesions. Neuro-
surgery. 2006, 59: 244–254.

16. Calcerrada Díaz-Santos N., Blasco Amaro J.A., Cardiel G.A., Andradas Aragonés E.: The safety and efficacy of robotic image-guided radiosurgery system 
treatment for intra- and extracranial lesions: a systematic review of the literature. Radiother Oncol. 2008, 89: 245–253.

17. Murphy M.J., Chang S.D., Gibbs I.C., Le Q.T., Hai J., Kim D., Martin D.P., Adler J.R. Jr: Patterns of patient movement during frameless image-guided  radio-
surgery. Int J Radiat Oncol Biol Phys. 2003, 55: 1400–1408.

18. Chin L.S., Regine W.F.: Principles and practice of stereotactic radiosurgery. New York: Springer; 2008.

19. Athar B.S., Paganetti H.: Neutron equivalent doses and associated life-time cancer incidence risks for head & neck and spinal proton therapy. Phys Med Biol. 2009; 53: 693.

20. .Austin-Seymour M., Munzenrider J., Goitein M.: Fractionated proton radiation therapy 

21. of chordoma and low-grade chongrosarcoma of the base of the skull. J Neurosurg. 1989; 70: 13.

22. Baumert B.G., Lomax A.J., Miltchev V. et al.: A comparison of dose distributions of proton and photon beams in stereotactic conformal radiotherapy of brain 
lesions. Int Radiat Oncol Biol Phys. 2001; 49: 1439. 

23. Combs S.E., Laperriere N., Brada M.: Clinical controversies: Proton radiation therapy for brain and skull base tumors. Semin Radiat Oncol. 2013; 23: 120. 


