
CHAPTER 1

IntroductIon  
and  

outlIne of the thesIs

39524 Vergeer, Marije.indd   9 19-03-16   17:08



Chapter 1

10

Introduction and outline of the thesis

Head and neck squamous cell carcinoma (HNSCC) originates from the mucosal 
surface of the upper aerodigestive tract (oral cavity, oropharynx, larynx, 
hypopharynx, nasopharynx, nasal cavity and paranasal sinuses). Worldwide, 
head and neck cancer is the 5th most common cancer and it affects more 
than 500.000 patients annually. In the Netherlands, approximately 3.000  
new patients are diagnosed with head and neck cancer each year (1). After 
diagnosis of potentially curable head and neck cancer, 5 year overall survival is 
50%, of who nearly 25% die from head and neck cancer. These patients are also 
at high risk of dying from non-cancer causes (cardiovascular and pulmonary 
diseases) and from second malignancies (predominantly lung cancer and 
esophageal cancer) (2). 
Approximately 30-40% of patients with HNSCC present with early stage 
disease (stage I and II) and have a favorable prognosis, with overall survival 
rates ranging from 70 to 90% at 5 years. The majority of patients present with 
locally advanced disease (stage III and IVa/b). Despite aggressive loco-regional 
treatment, local recurrences and distant recurrences remain a substantial 
problem, causing serious morbidity and mortality in these patients. In locally 
advanced HNSCC, 5 year overall survival rates range from 30 to 60%. 
There is a large geographical variability in incidence and primary tumor sites 
due to differences in the prevalence of risk factors and genetic and ethnic 
differences between populations. The main risk factors for HNSCC are smoking, 
smokeless tobacco use, betelnut chewing and alcohol abuse. The incidence of 
HNSCC has declined over the last 20 years, due to a decline in smoking habits 
(3). In contrast to this decline, the incidence of oropharyngeal cancer is rising 
and reflects an increasing attribution of oncogenic human papillomavirus, in 
particular type 16 (HPV-16). HPV-related oropharyngeal carcinomas form an 
epidemiologic and clinically distinct group of head and neck cancers. Where 
smoking- and alcohol related HNSCC predominantly affects elderly males, 
HPV-related oropharyngeal carcinoma generally affects young, non-smoking 
patients, with risk factors related to sexual behavior (4) .These HPV-related 
oropharyngeal carcinomas have a more favorable prognosis compared to 
tobacco- and alcohol related HNSCC (4–7) .
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Optimization of radiotherapy

The majority of patients with head and neck cancer are treated with 
radiotherapy in the primary or postoperative setting, with or without the 
addition of chemotherapy. Historically, radiotherapy was delivered by a small 
number of photon beams  with custom-made cerro bend blocks. Target 
volumes were defined on planar radiographs and doses were calculated based 
on one or more 2-dimensional contours.
The planning and delivery of radiotherapy has dramatically improved by the 
introduction of 3-dimensional radiotherapy, which uses planning CT scans 
for delineation and treatment planning. The advantage over 2D-radiotherapy 
is the ability to delineate target volumes and adjacent normal structures in 3 
dimensions. Treatment is delivered using a variable number of beams from 
various directions. The profile of each radiation beam is shaped to fit the 
profile of the target volume using a multileaf collimator which results in more 
conformal dose distributions.
Intensity-modulated radiation therapy (IMRT) further improves the ability to 
conform the treatment volume to concave tumor shapes, for example when 
the tumor is wrapped around a vulnerable structure such as the spinal cord. 
IMRT treatment plans are generated using inverse planning systems, which 
use computer optimization techniques to help determine the intensity 
patterns of the beams (8) . During treatment planning, the pattern of radiation 
delivery is determined using highly tailored computer applications to perform 
optimization and treatment simulation. The radiation dose is consistent with 
the 3-D shape of the tumor by controlling or modulating the radiation beam’s 
intensity. IMRT treatment plans are highly conformal and correct delineation 
is crucial. IMRT also enables the use of a simultaneous integrated boost (SIB) 
technique, where different dose levels within one fraction are delivered, e.g. 
155 cGy to the elective planning target volume (PTVelective) and 200 cGy 
to the boost planning target volume (PTVboost). Although several studies 
have confirmed that the use of IMRT is safe in experienced hands (9–11) , the 
consequences of a lower elective fraction dose on regional control remain 
unclear and studies comparing regional control in the electively irradiated 
neck are lacking.
Since 2007, we use volumetric modulated radiotherapy (VMAT) which delivers 
radiation dose during arc treatment with continuous changes in dose intensity 
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during the rotation of the gantry (12). This allows for even better treatment 
plans, which can be delivered in a shorter time period (13).
In the era of 2-dimensional and 3-dimensional conformal radiotherapy, it 
was often not possible to treat the target volumes to the prescribed dose, 
without exceeding the tolerance of adjacent critical structures. In these 
cases, suboptimal doses in target volumes in proximity of critical structures 
(e.g. spinal cord) were sometimes accepted, to avoid unacceptable toxicity. 
Due to highly conformal treatment plans and the ability to create steep dose 
gradients to critical surrounding structures, IMRT has the ability to improve 
target volume coverage compared to 3D-CRT plans and, theoretically, the 
potential to improve tumor control rates. 

Radiation-induced toxicity

In HNSCC, side effects of the aggressive treatment can cause serious morbidity 
and have the potential to seriously affect function and quality of life (QoL). 
During radiation treatment, patients may suffer from mucositis, dysphagia, 
dermatitis, sticky saliva, loss of taste and xerostomia, depending on site and 
extension of the primary tumor and nodal metastases, as well as on the extent 
of the elective nodal levels included in the radiation portals. Generally, patients 
recover from these acute symptoms within weeks or months following 
treatment. However, after (chemo)radiation, the majority of patients suffer 
from permanent side-effects such as eating and swallowing dysfunction, 
problems with speech, residual pain, fibrosis and xerostomia. Permanent 
xerostomia, caused by irradiation of the parotid glands, is one of the most 
frequent and distressing side effects in patients with bilaterally treated necks. 
Patients with radiation-induced xerostomia frequently complain of oral 
discomfort and pain and have difficulties with chewing, swallowing and 
speech. Reduced salivary flow also predisposes to oral infections and caries. As 
a consequence, xerostomia significantly impairs health-related quality of life in 
potentially cured patients. (14–18). 
It is generally accepted that the mean dose of the parotid gland is the best 
predictor for parotid gland dysfunction. In order to quantify the probability 
of radiation induced salivary gland dysfunction (19), models were developed 
by the use of the Kutcher-Lyman NTCP model (20,21). These models quantify 
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the radiation dose versus the volume of the parotid gland irradiated and the 
probability of salivary dysfunction. NTCP models for parotid gland function 
have been developed by two separate groups from Utrecht and Michigan, 
in which the NTCP curves showed some differences (22,23). The group from 
Michigan showed a threshold dose under which substantial preservation 
of salivary function could be achieved. Data from Utrecht showed a large 
volume dependency with a more gradual dose response curve. Additionally, 
the tolerance dose for 50% probability of a complication for irradiation of 
the whole organ (TD50) at 1 year differed between both groups, in which a 
complication is defined as a measured stimulated parotid salivary flow rate 
≤ 25% of the pre-irradiated flow rate at 12 months. Both groups showed 
the ability of partial recovery of salivary gland function over time.  More 
recent work from Dijkema et al. (24) combined the work of both groups and 
investigated 384 parotid glands. The resulting NTCP-curve also demonstrated 
a more gradual dose response curve and found a TD50 around 40 Gy.
With the use of IMRT, it is possible to reduce the dose to the parotid glands 
without compromising the dose to the PTV’s (25). It is generally accepted 
that measured salivary flow is reduced when the dose to the parotid glands 
is increased (22). A linear relation between salivary flow and patient reported 
xerostomia rates has never been shown (26) and until recently it was unknown 
if IMRT could indeed improve patient rated xerostomia rates.

Radiotherapy of the node positive neck

HNSCC predominantly metastasizes along the lymphatic system to the 
regional lymph nodes of the neck. The incidence and patterns of lymphatic 
spread depend on the location and extension of the primary tumor. The 
status of the neck nodes is a major determinant of outcome in patients with 
HNSCC. Patients with positive neck nodes show decreased survival rates and 
experience more regional failures compared to node negative patients. In case 
of a regional recurrence, salvage surgery in a previously irradiated neck is not 
always possible, and is associated with significant morbidity and decreased 
survival (27,28). Therefore, some clinicians perform a planned neck dissection 
in patients with advanced nodal stages after primary (chemo)radiation. 
However, in only 30% of these planned neck dissections, residual lymph node 
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metastases were found (29). Therefore, the identification of prognostic factors 
for regional recurrence in node positive patients treated with (chemo)radiation 
could reduce the number of patients undergoing unnecessary planned neck 
dissections and might give directions for improvement of regional control 
rates.

Radiotherapy of the node negative neck

Management of the clinically negative neck may place the treating physician 
in a complex situation. The risk of occult disease must be balanced against 
morbidity of treatment, which can include either radiation or surgery. General 
agreement is that so-called elective treatment of the neck is indicated if the risk 
at occult lymph node metastases exceeds 15 – 20% (30). Furthermore, occult 
metastases are found in only 25% of elective neck dissections (31). Therefore, 
elective treatment of the neck will imply overtreatment in the majority of 
patients, with consequential morbidity. Identifying prognostic factors for 
regional recurrence and determining regional recurrence rates of the N0 neck 
in the primary and postoperative setting could tailor the indications of elective 
radiotherapy of the neck and consequently reduce unnecessary toxicity. In 
these situations, unilateral or even local irradiation should be considered.
Previous studies showed that radiation-induced troublesome dryness of the 
mouth (xerostomia) and sticky saliva were significantly worse in patients 
treated with bilateral neck irradiation compared to unilateral irradiation (32).  
Possibly, in carefully selected patients the contralateral neck might be omitted 
from the radiation fields resulting in decreased morbidity with optimal 
contralateral regional control.
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Outline of the thesis 

This thesis addresses optimization in radiotherapy of the neck with respect to 
toxicity and nodal control. The use of IMRT enables us to reduce radiation dose 
to organs at risk (e.g. parotid glands) compared to older techniques such as 
3D-CRT. In Chapter 2 acute and late toxicity in patients treated with IMRT and 
3D-CRT are evaluated with regard to quality of life and RTOG-scored toxicity.
Patients treated with ipsilateral neck irradiation experience less xerostomia 
than those treated with bilateral neck irradiation. Therefore, omitting the 
contralateral neck from the radiation portals will decrease xerostomia rates. 
Chapter 3 investigates prognostic factors for the risk of contralateral regional 
recurrence in HNSCC patients treated with ipsilateral neck irradiation in the 
postoperative setting, to identify patients in whom the contralateral neck 
can be safely omitted from the target volume. In Chapter 4 the outcome and 
prognostic factors for regional recurrence in elective irradiation of the pN0 and 
cN0 neck are investigated, to select subgroups of patients who might be safely 
treated with ipsilateral neck irradiation alone.
In Chapter 5, recurrence rates of individual pathological lymph nodes in 
primary irradiated necks are evaluated. With the use of IMRT it became 
possible to create highly conformal treatment plans with improved coverage 
of target volumes, Chapter 6 investigates the outcomes of improved coverage 
of nodal target volumes in IMRT compared to 3D-CRT and evaluates the effect 
of suboptimal dose coverage of nodal target volumes.

39524 Vergeer, Marije.indd   15 19-03-16   17:08



Chapter 1

16

References

1.  www.cijfersoverkanker.nl [Internet]. Available from: http://www.cijfersoverkanker.nl/selecties/
Dataset_3/img5500320816710

2.  Rose BS, Jeong JH, Nath SK, Lu SM, Mell LK. Population-based study of competing mortality in head 
and neck cancer. J Clin Oncol. 2011;29(26):3503–9. 

3.  Sturgis EM, Cinciripini PM. Trends in head and neck cancer incidence in relation to smoking 
prevalence: An emerging epidemic of human papillomavirus-associated cancers? Cancer. 
2007;110(August):1429–35. 

4.  Chaturvedi AK, Engels EA, Pfeiffer RM, Hernandez BY, Xiao W, Kim E, et al. Human papillomavirus 
and rising oropharyngeal cancer incidence in the United States. J Clin Oncol. 2011;29(32):4294–
301. 

5.  Ang KK, Harris J, Wheeler R, Weber R, Rosenthal DI, Nguyen-Tân PF, et al. Human papillomavirus and 
survival of patients with oropharyngeal cancer. N Engl J Med. 2010;363:24–35. 

6.  Rischin D, Young RJ, Fisher R, Fox SB, Le Q-T, Peters LJ, et al. Prognostic significance of p16INK4A 
and human papillomavirus in patients with oropharyngeal cancer treated on TROG 02.02 phase III 
trial. J Clin Oncol. 2010;28(27):4142–8. 

7.  Posner MR, Lorch JH, Goloubeva O, Tan M, Schumaker LM, Sarlis NJ, et al. Survival and human 
papillomavirus in oropharynx cancer in TAX 324: A subset analysis from an international phase III 
trial. Ann Oncol. 2011;22(February):1071–7. 

8.  Intensity Modulated Radiation Therapy Collaborative Working Group. Intensity modulated 
radiotherapy : current status and issues of interest. Radiat Oncol. 2001;51(4):880–914. 

9.  De Arruda FF, Puri DR, Zhung J, Narayana A, Wolden S, Hunt M, 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(2):363–73. 

10.  Toledano I, Graff P, Serre A, Boisselier P, Bensadoun RJ, Ortholan C, et al. Intensity-modulated 
radiotherapy in head and neck cancer: Results of the prospective study GORTEC 2004-03. Radiother 
Oncol. Elsevier Ireland Ltd; 2012;103(1):57–62. 

11.  Nutting CM, Morden JP, Harrington KJ, Urbano TG, Bhide SA, Clark C, et al. Parotid-sparing intensity 
modulated versus conventional radiotherapy in head and neck cancer (PARSPORT): A phase 3 
multicentre randomised controlled trial. Lancet Oncol. 2011;12:127–36. 

12.  Palma DA, Verbakel WFAR, Otto K, Senan S. New developments in arc radiation therapy: A review. 
Cancer Treat Rev. Elsevier Ltd; 2010;36(5):393–9. 

13.  Verbakel WFAR, Cuijpers JP, Hoffmans D, Bieker M, Slotman BJ, Senan S. Volumetric Intensity-
Modulated Arc Therapy Vs. Conventional IMRT in Head-and-Neck Cancer: A Comparative Planning 
and Dosimetric Study. Int J Radiat Oncol Biol Phys. 2009;74(1):252–9. 

14.  Cooper JAYS, Fu K, Silverman SOL. Late effects of radiation therapy in the head and neck region. Int 
J Radiat Oncol Biol Phys. 1995;3016(June 1994):1141–64. 

15.  Beeken L, Calman F. A return to “normal eating” after curative treatment for oral cancer. What are 
the long term prospects? Eur J Cancer B Oral Oncol. 30B(6):387–92. 

16.  Vissink A, Jansma J, Spijkervet FKL, Burlage FR, Coppes RP. Oral sequelae of head and neck 
radiotherapy. Crit Rev Oral Biol Med. 2003;14:199–212. 

17.  Scully C, Epstein J. Oral health care for the cancer patient. Eur J Cancer B Oral Oncol. 32B(5):281–92. 
18.  Langendijk JA, Doornaert P, Verdonck-de Leeuw IM, Leemans CR, Aaronson NK, Slotman BJ. Impact 

of late treatment-related toxicity on quality of life among patients with head and neck cancer 
treated with radiotherapy. J Clin Oncol. 2008;26(22):3770–6. 

19. Deasy JO, Moiseenko V, Marks L, Chao KSC, Nam J, Eisbruch A. Radiotherapy Dose-Volume Effects 
on Salivary Gland Function. Int J Radiat Oncol Biol Phys. 2010;76(3):58–63. 19.  

20. Kutcher G, Burman C. Calculation of complication probability factors for non-uniform normal 
tissue irradiation: the effective volume method. Int J Radiat Oncol Biol Phys. 16(6):1623–30. 

21.  Lyman J. Complication probability as assessed from dose-volume histograms. Radiat Res Suppl. 
1985;8:S13–9. 

39524 Vergeer, Marije.indd   16 19-03-16   17:08



1

Introduction and outline of the thesis

17

22.  Roesink JM, Moerland MA, Battermann JJ, Hordijk GJ, Terhaard CH. Quantitative dose-volume 
response analysis of changes in parotid gland function after radiotherapy in the head-and-neck 
region. Int J Radiat Oncol Biol Phys. 2001;51(4):938–46. 

23.  Eisbruch A, Ten Haken RK, Kim HM, Marsh LH, Ship JA. Dose, volume, and function relationships in 
parotid salivary glands following conformal and intensity-modulated irradiation of head and neck 
cancer. Int J Radiat Oncol Biol Phys. 1999;45(3):577–87. 

24.  Dijkema T, Raaijmakers CPJ, Ten Haken RK, Roesink JM, Braam PM, Houweling AC, et al. Parotid 
gland function after radiotherapy: The combined Michigan and Utrecht experience. Int J Radiat 
Oncol Biol Phys. 2010;78(2):449–53. 

25.  Lee N, Puri D, Blanco A, Chao KS. Intensity-modulated radiation therapy in head and neck cancers: 
an update. Head Neck. 2007;29(4):387–400. 

26.  Braam PM, Roesink JM, Raaijmakers CPJ, Busschers WB, Terhaard CHJ. Quality of life and salivary 
output in patients with head-and-neck cancer five years after radiotherapy. Radiat Oncol. 2007;2:3. 

27.  Ord RA, Kolokythas A, Reynolds MA. Surgical Salvage for Local and Regional Recurrence in Oral 
Cancer. J Oral Maxillofac Surg. 2006;64:1409–14. 

28.  Mabanta SR, Mendenhall WM, Stringer SP, Cassisi NJ. Salvage treatment for neck recurrence after 
irradiation alone for head and neck squamous cell carcinoma with clinically positive neck nodes. 
Head Neck. 1999;21(October):591–4. 

29.  Lee HJ, Zelefsky MJ, Kraus DH, Pfister DG, Strong EW, Raben A, et al. Long-term regional control 
after radiation therapy and neck dissection for base of tongue carcinoma. Int J Radiat Oncol Biol 
Phys. 1997;38(February):995–1000. 

30.  Weiss MH, Harrison LB, Isaacs RS. Use of Decision Analysis in Planning a Management Strategy for 
the Stage N0 Neck. Arch Otolaryngol Head Neck Surg. 1994;120:699–702. 

31.  Psychogios G, Mantsopoulos K, Bohr C, Koch M, Zenk J, Iro H. Incidence of occult cervical metastasis 
in head and neck carcinomas: Development over time. J Surg Oncol. 2013;107:384–7. 

32.  Jellema AP, Slotman BJ, Doornaert P, Leemans CR, Langendijk JA. Unilateral versus bilateral 
irradiation in squamous cell head and neck cancer in relation to patient-rated xerostomia and 
sticky saliva. Radiother Oncol. 2007;85:83–9. 

39524 Vergeer, Marije.indd   17 19-03-16   17:08


