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Abstract 

Introduction: Thanks to modern IGRT procedures, it is possible to track changes in the patient's anatomy and thus 

calculate the dose distribution for the current anatomical conditions of the patient. This allows the scheduled dose to be 

compared with the delivered dose. In the case of large discrepancies, it is possible to improve the treatment plan. 

Radiotherapy, during which the treatment plan is modified, resulting from changes in anatomy, is referred to as adaptive 

radiotherapy. 

Material and methods: This study was performed for 30 patients with H&N cancer at the University Hospital in Zielona 

Góra. All patients were treated with VMAT. The Simultaneous Integrated Technique was used. In each treatment session, 

set-up verification was performed. Alternating every other day, the CBCT and two orthogonal portal images were made, 

and position correction prior to each session was performed. For all patients, new planning CT was made after the 11th 

and 22nd treatment sessions. Dose distributions with the initial plan on CT11 and CT22 were calculated. The initial dose-

volume histograms DVH0 were compared with dose-volume histograms DVH11 and DVH22 calculated on CT11 and 

CT22. 

Results: We compared the dose distribution in the CTVs and in the most important organs at risk obtained for initial 

anatomy and dose distributions calculated with the initial plan on the CTs performed after the second and the fourth week 

of irradiation. The differences between mean doses and V95% to GTV obtained for the initial CT and two other CTs were 

small. For a few CTs, the values of V95% were smaller by more than 5% points. In most patients, the mean dose in 

salivary glands increased during treatment. 

Conclusions: Anatomical changes occurring during radiotherapy in patients with head and neck cancers have little 

influence on the dose deposited in the Clinical Target Volume. Adaptive therapy may be of particular importance if 

relapse occurs and re-irradiation. 

Keywords: head and neck cancer; dose volume histogram; adaptive radiation therapy; image-guided radiation therapy. 

Introduction 

In the 21st century, radiotherapy has changed in an extraordinary 

way. Nowadays, 2D and 3D-conformal radiotherapy is seldom 

used. Intensity Modulated Radiation Therapy (IMRT) and the 

more sophisticated version of the IMRT, Volumetric 

Modulation Radiotherapy (VMAT), are gradually replacing the 

older techniques. This change is primarily due to the better dose 

distributions obtained with IMRT.1 However, the most 

important change in radiotherapy concerns a very wide use of 

different imaging methods in the preparation and monitoring of 

the treatment.2 

The increasingly better quality of Cone Beam Computerized 

Tomography (CBCT) and greater access to computed 

tomography enabled the monitoring of changes in patient's 

anatomy during radiotherapy. Access to modern imaging 

methods made it possible to adjust the treatment plan to the 

patient's current anatomy.3,4 This technique is called the 

Adaptive Radiation Therapy (ART). There are two different 

approaches to adaptive therapy: Offline ART and Online 

ART.5,6 The first one is based on the out-of-room replanning 

using updated CT images for planning or images from the 

CBCT. The second ART technique is based on selecting the plan 

from a library that matches better to the current anatomy 

(anatomy-of-the-day) or, quite new, based on daily re-
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optimization (replanning) with the CBCT images obtained just 

before irradiation.7 Each of the adaptive irradiation techniques 

has its advantages and disadvantages. All techniques are quite 

time-consuming and costly, but some preliminary clinical 

studies revealed that IMRT or VMAT with replanning may 

improve prognosis, decrease toxicity and improve quality of 

life.8 

 Of particular interest is the application of these techniques to 

patients with head and neck cancers. This is because, for these 

patients, the long, multi-week treatment combined very often 

with chemotherapy leads to significant anatomical changes. 

However, these changes are rather slow, which is beneficial 

from the point of view of offline adaptation techniques. The 

changes are well visible on CBCT images used for daily set-up 

control, which facilitates the decision to change the treatment 

plan.9 This makes the replanning technique relatively simple and 

effective. In this work, we evaluate the changes in dose 

distribution obtained for a group of 30 head and neck cancer 

patients irradiated with VMAT according to prospective 3-phase 

radiation therapy protocol if plans would not be adapted to actual 

anatomy. 

 

Material and methods 

This prospective study was performed for 30 patients with H&N 

cancer. All patients included in the study were treated with 

VMAT in the Eclipse v.13.6 treatment planning system using 

the AAA calculation algorithm. The 14 patients were treated in 

combination with chemotherapy. Before treatment planning 

tomography was performed, each patient had a thermoplastic 

mask immobilizing the head in order to ensure good 

reproducibility of the position. Patients were placed in the supine 

position with a headrest. The Simultaneous Integrated 

Technique was used. The high-risk target, which was the GTV 

with a 3 mm margin, was irradiated to 63-70 Gy. The low-risk 

target CTV2 with a 3 mm margin was irradiated to 59.4-66 Gy. 

The low-risk target CTV3 with a 3 mm margin was irradiated to 

54-56 Gy. The dose objectives for Organs at Risk (OARs) are 

presented in Table 1. 

 

 

Table 1. Objectives for Organs at Risk 

Organ at risk Max dose (Dmax) Mean dose 

spinal cord < 50 Gy - 

brain stem < 54 Gy - 

jaw < 72 Gy - 

parotid glands - < 25 Gy 

 

In each treatment session, set-up verification was performed. 

Alternating every other day, the CBCT and two orthogonal 

portal images were made, and position correction prior to each 

session was performed. The image matching was made on 

bones. The spinal cord and jaw were used. The set-up correction 

procedure was performed by radiation therapists. In case of 

doubts related to the matching of images, the medical physicist 

and radiotherapist were informed, who made the final decision. 

 For all patients new planning CT was made after the 11th and 

22nd treatment sessions. For patients who had a significant 

change in body weight before a new CT, a new immobilization 

mask was prepared. New CT images were overlaid on the 

original CT. Translations and rotations were used to match the 

images. The area of interest for rigid fusion includes the spine, 

skull bones, and mandible. Next, the ROI images (images 

containing all areas of interest, i.e. target volumes with margins 

and critical organs) were propagated from the initial CTs to the 

new set of images. The new set of ROI images ROI11 and 

ROI22 were obtained. An experienced specialist in radiotherapy 

checked all propagated contours and, if needed, adjusted to the 

actual anatomy.  

 Dose distributions with the initial plan on CT11 with ROI11 

and CT22 with ROI22 were calculated. The dose distribution 

was recalculated without optimizing the treatment plan for the 

new ROI. The initial dose-volume histograms DVH0 were 

compared with dose-volume histograms DVH11 and DVH22 

calculated on CT11 and CT22. For OARs, the comparison was 

described in terms of the objectives given in Table 1. For GTVs 

and CTVs both Intermediate-Risk and Low-Risk dose changes 

were also evaluated in terms of the V95% and the mean dose. 
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Results 

In Figure 1, the V95% for GTV for each patient calculated on 

CT0, CT11 and CT22 are presented. Never the V95% for GTV 

calculated on CT11 and CT22 is larger than on CT0. For some 

patients, the GTV V95% decreases by more than 5%. Such big 

changes were obtained for 2 patients on CT11 and for 6 patients 

on CT22. 

In Figure 2, the mean doses to GTV calculated on CT0, CT11 

and CT 22 are presented. For 4 CTs (2 on CT11 and 2 on CT22), 

the mean dose to GTV was larger than the mean dose to GTVs 

on CT0. In one patient for one CT the mean dose has increased 

by more than 5%. 

 

 

 
Figure 1. Changes of the V95% to GTV. 

 

 
Figure 2. Changes of the mean dose to GTV. 
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The results of changes of the V95% for CTVs are presented in 

Figure 3. In none of the analyzed cases V95% has increased. 

The V95% for CTVs Intermediate-Risk was smaller than the 

initial one on 4 CTs. In two cases, the V95% decreased by 8% 

points.  

 In Figure 4, the changes of the mean doses delivered to the 

CTV Intermediate-Risk are presented. The changes of the mean 

dose to CTV Intermediate in 26 cases did not exceed 2 Gy. We 

may conclude that very similar mean doses were delivered for 

the entire treatment. 

 During the V95% analysis for CTVs Low-risk, deviations of 

no more than 5% were obtained (Figure 5). It should be noted 

that the V95% decreased a little in time. 

 

Figure 3. Changes of the V95% to intermediate risk CTV. 

 

Figure 4. Changes of the mean dose to intermediate risk CTV. 

 

Figure 5. Changes of the V95% to low risk CTV. 
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The most important critical organs are the spinal cord and 

brainstem. In the case of the spinal cord, exceeding the tolerance 

dose may lead to the development of persistent and progressive 

post-porous myelopathy, while exceeding the tolerance dose for 

the brainstem to necrosis or permanent cranial neuropathy. In 

Figure 6, the maximum doses to spinal cord obtained for CT0, 

CT11 and CT22 are presented. 

 In 25 cases the maximum doses to spinal cord obtained for 

CT11 and CT22 were larger than for CT0 (Figure 6). The 

average difference for each analyzed patient between the 

maximum dose to the spinal cord for CT11 and CT22 in relation 

to CT0 was 13.73 Gy and 17.69 Gy, respectively (for the same 

patient). For none of the patients the tolerance dose to the spinal 

cord exceeded 50 Gy, which is the tolerance dose for this organ. 

However, for 6 patients the maximum doses calculated for CT22 

were very close to 50 Gy. 

 In 11 cases, the maximum brainstem doses obtained for CT11 

and CT22 were higher than for CT0, and lower than for CT0 in 

7 cases (Figure 7). For none of the patients the brainstem doses 

were larger than 55 Gy. However, for 2 patients the maximum 

doses calculated for CT22 were very close to 54 Gy. It should 

be emphasized that, as in the case of the spinal cord, although 

the doses of tolerance have not been exceeded, the information 

about the dose increase may be important in the case of 

recurrence and the decision of re-irradiation. 

 

 

 

Figure 6. The maximum doses to spinal cord obtained for CT0, CT11, and CT22. The blue line represents the tolerance dose. 

 

 

Figure 7. The maximum doses to brainstem obtained for CT0, CT11, and CT22. The blue line represents the tolerance dose. 
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In Figures 8 and 9 the mean doses for salivary gland left and 

right for three CTs are presented. 

 For 15 patients for both salivary glands the doses for CT22 

were the largest one. The changes in the anatomy led to an 

increase in dose. Only for some patients was it possible to keep 

the mean dose for salivary glands smaller than 25 Gy. For all 

patients but one, the mean dose to the left or right salivary gland 

for at least one CT was larger than 30 Gy. The dose increase in 

the salivary glands during treatment is of particular importance 

because the doses received by the salivary glands are in an area 

of the strong relationship between dose and normal tissue 

complication probabilities.10  

 

 

Figure 8. The mean doses to left salivary gland obtained for CT0, CT11, and CT22. The blue line represents the tolerance dose. 

 

 

Figure 9. The mean doses to right salivary gland obtained for CT0, CT11, and CT22. The blue line represents the tolerance dose. 
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Figure 10. The maximum doses to the jaw obtained for CT0, CT11, and CT22. The blue line represents the tolerance dose. 

 

No patient had a jaw tolerance dose exceeded during the 

evaluation of the primary treatment plan (Figure 10). However, 

for 9 patients, for at least CT11 or CT22, maximum doses were 

larger than 72 Gy. In only one patient the dose to jaw reached 75 

Gy. 

 

Discussion 

Inherent changes in the anatomy of head and neck cancer 

patients influence dose distribution. The influence of anatomy 

changes is more important for VMAT techniques for which dose 

distribution is very conformal and has steep dose gradients. 

According to the protocol used in our hospital for all patients, 

new optimized treatment plans were prepared after the second 

and fourth week of treatment. However, in this work, we present 

what would happen if new plans were not prepared. In this work 

we compared the dose distribution in the CTVs and in the most 

important organs at risk obtained for initial anatomy and dose 

distributions calculated with the initial plan on the CTs 

performed after the second and the fourth week of irradiation. 

There were three CTVs: the High-Risk CTV, which in our work 

was identified with GTV, the Intermediate-Risk CTV, and the 

Low-Risk CTV. Most commonly, the mean doses to GTV 

increased, but at the same time the values of V95% decreased. 

The differences between mean doses and V95% to GTV 

obtained for the initial CT and two other CTs were small. For a 

few CTs, the values of V95% were smaller by more than 5% 

points. Because the differences in dose distribution were rather 

small and because the mean doses were not smaller, they were 

even little larger it seems that the probability of local control 

should not be deteriorated by anatomical changes. The idea of 

radiotherapy is to deposit a strictly defined dose in the area of 

GTV and CTV. Theoretical studies indicate that the effect of 

radiotherapy, unless the dose distribution in CTV is very 

heterogeneous, is related to the average dose. Lower doses are 

deposited in the PTV, but the PTV area is only created to ensure 

proper dose distribution in the CTV area. In conclusion, the 

changes of anatomy should not deteriorate the local control 

(within the parotid glands). For patients irradiated with adaptive 

radiotherapy techniques some previous studies reported 

favorable clinical outcomes.11-13 Our results confirmed these 

conclusions. We showed that an adaptation of the plan is not 

necessary to maintain the local control as for the initial plan. 

 The significant influence of anatomy changes on dose 

distribution, which may be considered clinically important, was 

observed for salivary glands. In most patients, the mean dose in 

both left and right salivary glands increased during the 

assessment of the plans obtained after transferring the dose 

distribution from the original plan to two successive CT scans 

performed during treatment. The dose increase is caused by the 

changes in the spatial orientation and shift of the salivary gland 

with respect to CTV and the change in the volume of the salivary 

glands. Typically, salivary glands move superiorly and medially. 

Castelli and co-workers, in the prospective study for 15 patients 

with locally advanced unresectable Head&Neck Cancer 

estimated the difference between the planned dose and actually 

delivered dose. An overdose in the salivary gland was observed 

for 9 patients. The average mean dose increase was 3.7 Gy. The 

estimated increase in complication probability was about 8%. In 

our group of patients, the dose increase was observed for 26 

patients with an average increase of 5.1 Gy.14-16 

 The maximum doses to the spinal cord increased for each of 

30 patients. Usually, the maximum dose for the third CT was 

larger. The mean dose increased on the average of 5.1 Gy. 

However, the maximum dose never exceeded the tolerance dose 
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of 50 Gy. The information about dose increase may be important 

in case of re-irradiation. Similar results were reported by Loo. 

We obtained similar results for the brainstem. For some patients, 

the dose increased. However, never the tolerance dose was 

exceeded. 

 Our prospective study changed the policy in our department. 

For all Head&Neck patients, after the second and fourth week 

of treatment, new planning CTs and new plans are made. As we 

have already written, new immobilization masks were prepared 

for some patients. The decision whether to continue treatment 

with a new plan was made by a medical doctor. This procedure 

has now been accepted and implemented. The question is 

whether it is appropriate to use this method for all patients. On 

the one hand, there are reports indicating that such adaptive 

treatment makes it possible to reduce the dose in the salivary 

glands.14 On the other hand, it would be much better to address 

this complicated procedure to patients for whom adaptive 

radiotherapy would significantly improve dose distribution. The 

other question is, what is the optimal number and time of 

replanning? This aspect of adaptation is also not clear.17 Some 

hopes can be associated with a wider use of CBCT image 

information. Unfortunately, the quality of CBCT images is not 

good enough for the delineation of the salivary glands, which are 

important organs at risk for this group of patients. However, it 

can be expected that technological development will lead to 

significant improvements in image quality, which will allow 

adaptive therapy to be used only for selected patients. 

 

Conclusions 

Anatomical changes occurring during radiotherapy in patients 

with head and neck cancers have little influence on the dose 

deposited in the Clinical Target Volume. At most of the patients, 

doses absorbed by the salivary glands increase, which may 

significantly increase the risk of xerostomia. A significant effect 

of the use of adaptive therapy is greater protection of critical 

organs, which may be particularly important in the event of 

relapse and planned re-radiation. 

 

The study was approved by the Ethical Committee at the 

Regional Medical Chamber in Zielona Góra. 
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