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Chapter 6
A longitudinal evaluation of improvements 
in radiotherapy treatment plan quality for 
head and neck cancer patients
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Abstract 

Purpose: To investigate changes in head-and-neck cancer plan quality following the introduction 
of new technologies and planning techniques in the last decade. End-points included sparing of 
newly introduced/prior OARs, planning target volume (PTV) dose coverage/homogeneity and 
body doses. 

Methods and Materials: Thirty plans were selected from each of four successive periods (P). P1: 7-field 
static intensity-modulated radiotherapy (IMRT) with parotid sparing; P2: dual-arc volumetric-modulated 
arc therapy (VMAT), also used in P3/P4, including submandibular sparing; P3: inclusion of individual 
swallowing muscles and attempts to further reduce parotid/oral cavity doses through manual interactive 
optimization; P4: containing the same OARs as P3, but automatically interactively optimized. Plan 
benchmarking included mean salivary gland/swallowing muscle/oral cavity (Dsal/Dswal/Doc) doses. 

Results: Compared to P1, P2 plans improved Dsal by 3.8Gy on average. P3 improved Dsal/Dswal/Doc by 
6.3/15.2/7.5Gy over P2, showing improved Dswal was possible without degrading Dsal. In P4, Doc/Dswal  slightly 
improved over P3. Improved OAR sparing in P3/P4 did not come at the cost of an increased dose deposition 
elsewhere in the body. 

Conclusions: New technologies and planning techniques substantially improved OAR sparing with 
similar PTV dose homogeneity and dose deposition in the body. Similarity of P3/P4 plans demonstrates 
successful implementation of automated VMAT optimization.

Introduction

Radiotherapy treatment planning for locally advanced head-and-neck cancer (HNC) evolved over the 
years from using large target volumes with only spinal cord sparing [1], to sparing multiple additional 
organs at risk (OARs), such as the parotid and submandibular glands, individual swallowing muscles and 
oral cavity [2]. Minimizing salivary gland and oral cavity doses is recognized as important for reducing 
the severity and incidence of xerostomia and oral mucositis, respectively [3-5]. More recent investigations 
highlight the importance of swallowing muscle sparing to prevent dysphagia [2,6-8]. Increased treatment 
plan complexity has been facilitated by advances in dose delivery techniques such as intensity-modulated 
radiotherapy (IMRT) and volumetric-modulated arc therapy (VMAT) which allow for the shaping of more 
complicated dose distributions [9]. However, IMRT and VMAT plan quality can vary substantially between 
both planners and radiotherapy centers [10-13], partly due to the learning curve for advanced planning 
and partly because the achievable OAR sparing is unknown before the planning process is started. 
Automated solutions to generating consistent, high-quality complex treatment plans are therefore 
attracting considerable interest [14-19]. 
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Improved planning techniques are of ten based on traditional treatment planning studies, which compare 
the quality of plans created by dif ferent delivery or treatment planning techniques on the same set of 
patients. This frequently leads to the adoption of the better technique for future patients. However, once 
new techniques are introduced in routine clinical practice, expected gains in plan quality and dosimetry 
are rarely confirmed. 

Over the last decade, treatment planning for HNC patients at our department evolved from static 
gantry IMRT plans solely attempting parotid gland, spinal cord and brainstem sparing, to automatically 
optimized dual arc VMAT plans aiming to spare both parotid and submandibular glands, up to seven 
individual swallowing muscles, and the oral cavity, along with the spinal cord and brainstem. In moving 
from the controlled environment of a planning study to routine clinical practice, there is a risk that 
increasing plan complexity might lead to unexpected negative consequences. For example, sparing new 
OARs might degrade sparing of previously spared OARs, dose deposition in normal tissue might increase, 
or the dose conformity might be compromised. To investigate the impact on routine plan quality of 
the successive introduction of new technologies and planning techniques, combined with the sparing 
of more OARs we have therefore performed a detailed analysis of longitudinal dosimetric trends by 
comparing four time periods between 2005 and 2015. End points included sparing of new and prior OARs, 
dose conformity, planning target volume (PTV) dose coverage and homogeneity, and dose deposition in 
the remainder of the body. 

Materials and Methods

Patient selection
 
To evaluate the trends in plan quality for patients undergoing treatment for locally advanced HNC at our 
department since 2005, treatment plans of 120 patients were selected from four dif ferent time periods (30 
patients per time period). Each period is characterized by the introduction of a new technology or a change 
in the approach to treatment planning. To minimize geometric variability, we have chosen to only include 
patients with the primary tumor located in the tonsillar region or lateral pharyngeal wall of the oropharynx. 

Period 1 (P1, May 2005 to October 2008) consisted of HNC patients typically treated using seven 
equidistant coplanar IMRT fields with emphasis on PTV dose coverage and sparing the parotid glands, 
spinal cord and brainstem. 

Plans in period 2 (P2, July 2008 to May 2010) cover the introduction of VMAT (RapidArc™, Varian Medical 
Systems, Palo Alto, USA) for HNC patients in July 2008 [20,21].  Contralateral submandibular gland 
sparing, when feasible, was introduced in 2009 [22]. Because RapidArc was introduced gradually there is 
some overlap between P1 and P2. 
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In the third period (P3, August 2012 to October 2013) individual swallowing muscles were included 
for sparing  (detailed below, [23alone or combined with chemotherapy, is a treatment modality used 
frequently in head and neck cancer. In order to report, compare and interpret the sequelae of radiation 
treatment adequately, it is important to delineate organs at risk (OARs]) and the maximum dose constraint 
on the spinal cord was lowered to below 40Gy. When feasible, further dose reductions to the salivary 
glands were attempted for the majority of patients facilitated by additional instructions and training of 
the planners and improved planning protocols. Additionally, although the oral cavity was occasionally 
included for sparing in prior periods, routine inclusion and active sparing commenced halfway through 
this period.  A “continue previous optimization” (CPO) was introduced af ter the first RapidArc optimization 
and subsequent dose calculation. The CPO is designed to compensate for dif ferences between the fast 
dose calculation algorithm used during optimization, and the final, high resolution dose calculation. As 
shown previously, performing a CPO primarily improves PTV dose homogeneity [24].

In P1-P3, manual interactive optimization was generally performed by using 3-5 optimization objectives 
for each parallel OAR, and maintaining these at some distance from the displayed dose-volume histogram 
(DVH)-lines throughout the optimization process. This ensures that dose reductions to respective 
OARs are attempted at all times during optimization. The spinal cord and brainstem were assigned 
single maximum dose constraints, placed below their respective dose tolerance levels, which were not 
repositioned during optimization. 

Period 4 (P4, February 2014 to April 2015) included VMAT treatment plans that were optimized using an 
in-house developed automatic interactive optimizer (AIO) [19]. The large number of structures added to 
the optimization in P3 increased the dif ficulty of manual interactive optimization. AIO automates the 
optimization process by automatically positioning the OAR objectives at a fixed distance from their 
respective DVH-lines. This reduces the potential for user variability and is intended to lead to more 
consistent sparing of all included OARs. Improvements in plan quality using AIO over manual optimization 
have been reported previously [19]. AIO was introduced in the clinic in February 2014 and since then been 
used to optimize all treatment plans for locally advanced HNC patients.

The optimization and dose calculation algorithms also changed over the periods. The dose-volume 
optimizer (DVO) v8.1.14/v8.2.23 and pencil beam convolution algorithm (PBCA) v8.1.14/anisotropic 
analytical algorithm (AAA) v8.2.23 were used in P1, while P2 plans used the progressive resolution 
optimizer (PRO) v8.2.23/v8.6.15 and AAA v8.2.23/v8.6.15. PRO and AAA v10.0.28 were used for all patients 
in P3. Finally, PRO v10.0.28 and AAA v10.0.28/Acuros® XB v11.0.31 were used in P4. 

All RapidArc plans (P2-P4) were created using two coplanar arcs. In patients receiving treatment before 
2012, not all OARs were contoured. For the purposes of this analysis, missing OARs were delineated by 
a head and neck radiation oncologist (PD) to retrospectively evaluate the dose in all OARs regardless 
of whether these structures were spared at the time of treatment. Since the oral cavity was subject to 
variation in contouring, this structure was re-contoured for all patients. Salivary glands consisted of the 
contralateral (CL) and ipsilateral (IL) parotid and submandibular glands (SMGs). Swallowing muscles 
were delineated according to Christianen et al. [23]. To simplify OAR dose reporting, composite structures 
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were created consisting of all contoured salivary glands (compsal) and swallowing muscles (compswal). For 
optimization and dose reporting purposes, the PTV was either cropped to 6mm beneath the skin (in P1 
and one patient in P2), or a 5mm ‘virtual’ bolus region [25] was used (remaining patients). 

Dose prescription
 
In all plans, 70Gy was prescribed to the boost PTV (PTVB), delivered as a simultaneous integrated boost 
in 35 fractions of 2Gy. PTVB consisted of the gross tumor volume and biopsy proven positive lymph 
nodes with a 5mm margin for microscopic disease (edited for anatomical boundaries) and a 4/5mm PTV 
margin. The prescribed dose to the elective PTV (PTVE) was 54.25Gy for 78% of patients, and 57.75Gy was 
prescribed for 7/19 patients in P1/P2. PTVE consisted of elective nodal regions with a 4/5mm margin, minus 
a 5mm transition region (PTVT), created to allow dose fall-of f from PTVB to PTVE. Tumor and af fected 
lymph node contouring was done using all available diagnostic information; MRI and PET-CT scans were 
(rigidly) co-registered. Table 1 summarizes the PTV volumes and (composite) OARs for each period, and 
tumor stages. 

 
Table 1: The range of disease stages and volume of the boost, elective, transition and total planning target volumes 
(PTVs), and volume of the composite salivary glands, swallowing muscles and oral cavity, averaged over all patients 
of each period.

Mean Results ± Standard Deviation (range) 

Abbreviations: *, † and  # : statistically significant dif ferences (p<0.05) with respect to period 1, period 2 and period 3, 

respectively.  ¶OAR : Organ-at-risk 

Period 1 (n = 30 patients) 2  (n = 30 patients) 3  (n = 30 patients) 4  (n = 30 patients)

Tumor Stage Range T1N1 - T4N2 T1N0 - T4N3 T1N1 - T4N1 T1N2 - T4N2

PT
V 

si
ze

s (
cm

3)

Boost 220.5 ± 102.1  
(68.2 - 513.1)

233.7 ± 167.7 
(39.8 - 801.8) 

184.3 ± 55.2 
(94.5 - 315.0)  

192.9 ± 104.1 
(36.8 - 420.8)   

Elective 368.2 ± 120.0  
(160.6 - 668.1)

370.0 ± 105.9 
(229.9 - 676.4) 

387.7 ± 85.1 
(238.9 - 592.6)  

333.5 ± 58.3 
(240.1 - 484.1) #

Transition 36.5 ± 20.6  
(6.8 - 101.0)

44.5 ± 35.5 
(3.7 - 169.5) 

75.5 ± 27.0 
(22.8 - 144.3) † *

70.1 ± 37.2 
(18.6 - 167.3) † * 

Elective + Tran-
sition

404.7 ± 133.1  
(194.9 - 743.6)

414.5 ± 118.5 
(268.3 - 719.1) 

463.2 ± 98.0 
(284.0 - 697.2)  

403.7 ± 60.8 
(282.0 - 571.2) #

Total 625.2 ± 221.0  
(263.1 - 1237.8)

648.2 ± 212.8 
(372.6 - 1143.5) 

647.4 ± 129.2 
(378.5 - 878.5)  

596.6 ± 133.0 
(336 - 882.6)   

O
AR

¶  S
iz

es
 (c

m
3) Salivary Glands 76.2 ± 20.8  

(49.3 - 123.5)
69.4 ± 18.7 

(36.2 - 112.8) 
82.3 ± 25.3 

(31.4 - 130.5) † 
75.0 ± 16.1 

(38.9 - 107.6) †  

Swallowing Muscles 31.1 ± 7.9  
(18.5 - 50.8)

31.7 ± 9.1 
(17.8 - 51.6) 

37.4 ± 9.5 
(21.1 - 54.6) † *

34.9 ± 11.1 
(23.1 - 71.7) † * 

Oral Cavity 122.3 ± 47.0  
(43.5 - 270.3)

92.4 ± 29.1 
(39.8 - 150.1) *

102.5 ± 25.0 
(21.2 - 137.2)  *

104.7 ± 51.5 
(21.1 - 261.3) * 
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Study endpoints

Plans from the dif ferent periods were compared using the following metrics; (i) Mean dose to individual 
OARs and the oral cavity/composite salivary glands/swallowing muscles (Doc/Dsal/Dswal), (ii) PTVB/PTVE 
volumes receiving 95%/107% of prescribed dose (V95%/V107%), along with their homogeneity indices 
(HI=100%*[D2%-D98%]/D50%), (iii) Dose deposition in normal tissue was analyzed using the following 
metrics: Conformity index (CI) for PTVB/PTVE, defined as the isodose volume receiving prescribed PTV 
dose divided by the PTV volume. V5Gy/V30Gy/V50Gy and mean dose of the Body-PTV volume (body 
contour with the PTV subtracted, cropped 2cm above/below the PTVs). Additionally, the mean dose to 
1cm ring structures, created 0cm, 1cm and 2cm around PTVB/PTVE, excluding the delineated OARs, was 
determined. 

An ANOVA with post-hoc Bonferroni analysis was performed (IBM SPSS, Armonk, NY, USA) to investigate 
which parameters dif fered significantly between the periods. 

Results

Although maximum point doses to the serial 
OARs were clinically acceptable for all patients, 
decreases of 8.7Gy and 12.2Gy were noted on 
average from P1 to P3 for the spinal cord and 
brainstem, respectively, due to the use of lower 
dose constraints from P3 onwards. Figure 1 
shows that Dsal, Dswal and DOC gradually improved 
throughout the evaluated periods. 

Figure 1: Box-whisker plots showing the spread of mean 
dose values for composite salivary glands (compsal), 
swallowing muscles (compswal) and oral cavity.
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Table 2 summarizes the mean dosimetric results obtained for all individual OARs and PTVs in the four 
periods, while Figure 2 shows mean DVHs for PTVB, PTVE, individual salivary glands, compswal and the 
oral cavity. 

Table 2: Planning target volume (PTV) and organ-at-risk (OAR) dosimetry for the four periods, averaged over all 30 
patients/periods (mean ± SD). 

 

Abbreviations: *, † and # : statistically significant dif ferences (p<0.05) with respect to period 1, 2 and 3, respectively. 
||V95/V107 : PTV volumes receiving 95% / 107% of the prescribed dose. ¶HIB/HIE : Homogeneity indices for the boost / elective 

PTVs. ‡SMG : Submandibular gland. §PCM = Pharyngeal constrictor muscle.

  Period 1 (n = 30 patients) 2  (n = 30 patients) 3  (n = 30 patients) 4  (n = 30 patients)

Bo
os

t 
PT

V

V95|| (%) 98.1 ± 1.6 98.8 ± 0.9 99.0 ± 0.5 * 98.9 ± 0.2 *  

V107|| (%) 0.4 ± 1.2 1.3 ± 1.8 * 2.8 ± 4.4 * 0.7 ± 0.9  #

HIB¶ (%) 9.8 ± 1.0 10.0 ± 1.4 10.4 ± 1.1 * 9.7 ± 0.9  #

El
ec

ti
ve

  
PT

V

V95 (%) 98.5 ± 1.0 98.2 ± 1.0 97.7 ± 1.2 * 98.2 ± 0.6 #

V107 (%) 7.7 ± 5.4 12.3 ± 11.1 * 15.3 ± 8.1 * 7.9 ± 5.0 † #

HIE¶ (%) 13.3 ± 2.1 13.6 ± 2.1 15.8 ± 2.2 * † 13.2 ± 1.4   #

M
ea

n 
D

os
e 

(G
y)

CL Parotid 27.6 ± 8.4 24.7 ± 8.0 18.3 ± 3.4 * † 20.4 ± 5.7 * † 

IL Parotid 41.1 ± 12.2 35.0 ± 11.1 * 29.7 ± 8.2 * † 27.1 ± 8.8 * † 

CL SMG‡ 55.1 ± 5.8 45.8 ± 16.0 * 37.3 ± 10.7 * † 44.6 ± 16.9 *  

IL SMG‡ 67.8 ± 3.9 67.1 ± 7.0 67.7 ± 3.4  64.3 ± 8.2 * #

Oral Cavity 35.3 ± 7.2 36.8 ± 8.2 29.3 ± 7.8 * † 27.5 ± 8.2 * † 

Composite  
Salivary Glands 41.1 ± 7.1 37.3 ± 7.7 31.0 ± 5.0 * † 31.3 ± 6.4 * †

Composite Swal-
lowing Muscles 55.0 ± 5.7 56.0 ± 8.0 40.8 ± 7.3 * † 38.6 ± 7.9 * †

Cricopharyngeal 
Muscle 47.3 ± 8.3 49.8 ± 7.7 25.7 ± 8.8 * † 24.6 ± 7.5 * †

Lower Larynx 47.9 ± 7.9 48.7 ± 10.7 25.8 ± 7.3 * † 20.3 ± 6.3 * † #

Upper Larynx 55.3 ± 7.8 55.4 ± 11.8 44.5 ± 13.8 * † 42.3 ± 16.0 * † 

Inferior PCM§ 52.4 ± 8.6 53.4 ± 10.1 32.5 ± 8.6 * † 37.3 ± 14.4 * † 

Medial PCM§ 62.5 ± 6.8 63.0 ± 7.3 57.1 ± 7.2 * † 58.8 ± 12.5   

Superior PCM§ 66.0 ± 4.7 65.7 ± 6.2 60.7 ± 7.9 * † 61.2 ± 12.4 *  

Upper Esophageal 
Sphincter 43.7 ± 9.2 47.3 ± 7.8 23.3 ± 8.5 * † 19.9 ± 7.4 * †

  Monitor Units 1050 ± 134 432 ± 43 * 492 ± 43 * † 516 ± 39 * † #
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Figure 2 illustrates that, compared to IMRT plans (P1), the introduction of RapidArc in P2 was associated 
with reduced CL and IL parotid gland mean doses, which further decreased in P3 despite the introduction 
of swallowing muscle sparing. CL-SMG sparing (introduced halfway through P2) significantly improved 
with mean dose decreases from 55.1Gy (P1) to 45.8Gy (P2) and 37.3Gy (P3). 

Figure 2: Examples of dose-volume histograms averaged over the patients of all four periods
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Neither swallowing muscle sparing nor oral cavity sparing was routinely performed in P1/P2, resulting in 
comparable DVHs and mean dose values obtained in these periods. Finally, PTVB/PTVE dose homogeneity 
decreased slightly in P2 and P3 compared to P1, but improved in P4. 

The introduction of swallowing muscle sparing in P3 significantly reduced mean doses of all individual 
swallowing muscles with respect to P1/P2, with Dswal decreasing from 55.0/56.0Gy to 40.8Gy, on average. 
Salivary gland sparing also improved significantly compared to P1/P2, with Dsal decreasing from 41.1/37.3Gy 
to 31.0Gy, although these gains came at the cost of a significant PTVE dose homogeneity (HIE) decrease. 

Plans from P4 provided composite OAR sparing comparable to P3, although CL-SMG mean dose increased 
by 7.3Gy on average with respect to P3. This could have been associated with both improved PTVB/PTVE 
dose homogeneity and dif ferences in CL-SMG overlap with the total PTV between the two periods (on 
average 29±26%/38±32% in P3/P4). To determine the extent to which dif ferences in overlap volume 
influenced resulting mean OAR doses, Figure 3A shows the correlation between mean dose and overlap 
percentage for the CL-SMG in each of the four periods. In this figure, P4 has more datapoints with large 
CL-SMG overlap volumes (e.g. >40%) than P3. Excluding patients with more than 40% overlap between 
the total PTV and CL-SMG (5/10 P3/P4) results in similar CL-SMG mean doses (33.3±5.2Gy/31.6±7.9Gy in 
P3/P4) and a similar correlation between dosimetry and overlap between P3/P4 (Figure 3B), along with 
overlapping DVH-lines (Figure 3C). Figures 3D-3F illustrate the same relation as Figure 3A for the CL/IL 
parotid glands and compswal. Although dif ferences in overlap volumes can be seen between the earlier 
and later periods, particularly for the contralateral parotid glands and compswal, the datapoints of P3/P4 
are generally located below those of P1/P2, indicating improved sparing for structures with similar overlap 
volumes. These figures also illustrate that overlap volumes in P3/P4 were comparable, thereby indicating 
that e.g. improved Dswal (by 2.2Gy on average, with respect to P3), was not caused by a favorable geometry. 
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Figure 3A) Correlation between contralateral submandibular gland (CL-SMG) mean dose and overlap volume with the planning target 

volume (PTV). B) The correlation when CL-SMGs overlapping>40% with the PTV are excluded from, with resulting dose-volume histogram 

lines shown in C. Figures 3D-3F show the same correlation for the parotids and composite swallowing muscles. 

Table 3 shows that improved OAR sparing obtained in P3/P4 did not come at the cost of an increased dose 
deposition elsewhere in the body. On the contrary, some metrics decreased significantly compared to P1/
P2, although the body dose values were influenced by the higher PTVE doses prescribed in these periods. 
The significant dif ferences indicate consistent gains for all patients. The absolute dif ferences, however, 
were small and likely not clinically significant. 

To evaluate the ef fect  of dif ferent dose calculation algorithms throughout the periods, we used AAA 
v10.0.28 to recalculate the dose of three plans from P1/P4, originally calculated using the PBCA v8.1.14/
Acuros v11.0.31, respectively. Compared to PBCA, AAA improved HIB/HIE at most by 1.0%/1.1%, while Dsal/
Dswal/Doc remained within 0.4Gy/0.9Gy/0.3Gy. Acuros and AAA plans were similar, with HIB/HIE values 
remaining within 0.3%/0.4%, and Dsal/Dswal/Doc remaining within 0.4/0.6/0.4Gy. 
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Table 3: Dosimetric results of dif ferent metrics to determine dose deposition in the remainder of the body, averaged over all 30 patients for 

each period. 

Abbreviations: *, † and # : statistically significant dif ferences (p<0.05) with respect to period 1, 2 and 3, respectively. ||PTV : 

Planning target volume. ¶V5Gy / V30Gy / V50Gy : Body-PTV volumes receiving 5Gy / 30Gy / 50Gy.

  Period 1 (n = 30 patients) 2  (n = 30 patients) 3  (n = 30 patients) 4  (n = 30 patients)

Co
nf

or
m

it
y 

In
de

x

Boost (%) 1.10 ± 0.07 1.17 ± 0.13 * 1.14 ± 0.05 * 1.13 ± 0.04 *

Elective (%) 1.56 ± 0.14 1.39 ± 0.07 * 1.35 ± 0.06 * † 1.41 ± 0.1 *  #

Bo
os

t P
TV

||
 R

in
g 

M
ea

n 
D

os
e

1cm (Gy) 54.4 ± 2.3 53.9 ± 2.5 52.7 ± 1.7 * † 52.6 ± 2.0 * †

2cm (Gy) 39.1 ± 4.6 38.8 ± 4.2 39.7 ± 2.7 38.5 ± 3.6

3cm (Gy) 32.8 ± 4.6 32.0 ± 4.2 32.0 ± 3.4 31.6 ± 3.7

El
ec

ti
ve

 P
TV

||
 R

in
g 

M
ea

n 
D

os
e

1cm (Gy) 47.7 ± 1.7 47 ± 2.1 44.7 ± 1.7 * † 44.6 ± 1.4 * †

2cm (Gy) 31.1 ± 1.9 30.1 ± 1.9 29 ± 1.5 * † 29 ± 1.4 * †

3cm (Gy) 24.0 ± 5.6 23.6 ± 1.8 22.9 ± 1.3 22.9 ± 1.4

Bo
dy

-P
TV

Mean Dose (Gy) 20.5 ± 2.1 20.6 ± 1.9 18.7 ± 1.2 * † 18.9 ± 1.6 * †

V5Gy¶ (%) 73.8 ± 5.9 79.1 ± 3.1 * 74.5 ± 3.8  † 73.5 ± 4.7  †

V30Gy¶ (%) 29.7 ± 4.8 29.6 ± 4.9 27.2 ± 2.8 * † 27.2 ± 3.6 * †

V50Gy¶ (%) 7.4 ± 2.4 7.0 ± 2.4 4.5 ± 0.8 * † 5.3 ± 1.5 * † #
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Discussion

The present study provides a longitudinal evaluation of changes in head and neck cancer plans resulting 
from the introduction of new radiotherapy technologies, planning techniques, optimization algorithms 
and increasing experience. We confirmed that improvements reported in previous planning studies 
[19,21,22] have been translated into routine clinical care. Although the number of actively spared OARs 
increased considerably over time, this did not degrade e.g. parotid gland sparing nor increase dose 
deposition in the remainder of the body. OAR sparing improved substantially over the years, with average 
improvements of 9.8/16.4/7.8Gy for Dsal/Dswal/Doc, when comparing the first (manually optimized IMRT 
plans, 2005-2008) and last periods (automatically optimized dual-arc VMAT plans, 2014-2015). Gains 
in OAR sparing in P4 did not come at the cost of PTV dose coverage/homogeneity, or increased dose 
deposition elsewhere. 

In line with previous research [21], IMRT (P1) and initial dual-arc RapidArc plans (P2) provided comparable 
plans in terms of PTV dose homogeneity, OAR sparing and dose deposition, although the latter required 
59% less MUs, on average. A large mean dose decrease was noted for both parotids in P3. Although 
less parotid glands in P3/P4 had large overlap with the PTVs, their mean doses were also lower for OARs 
with similar overlap volumes (Figures 3D-3E). Although this may partly be attributed to the fact that 
some patients in P1/P2 had higher PTVE prescription doses (57.75Gy compared to 54.25Gy), we think that 
these gains are also due to increased planner skill and experience in RapidArc planning and improved 
optimization algorithms and protocols. Taking geometric variability into account, similar OAR sparing 
was obtained in P3/P4. Since the same OARs were included in these periods, this was expected based 
on previous work [19], showing that AIO achieved similar OAR sparing without decreasing PTV dose 
homogeneity or dose conformity, or increasing dose deposition in the body. We are unaware of previous 
studies that have performed a similar analysis on routine clinical HNC plans.   

A limitation includes the variation in OAR/PTV sizes and possible overlap between the periods (Table 1), 
which may have influenced the dif ferences between the periods. The increase in CL-SMG mean dose in 
P4 could partly be attributed to the inclusion of more patients with a large degree of overlap between 
the CL-SMG and the total PTV. However, since we evaluated the dosimetric results of clinically delivered 
plans, such dif ferences are inherent to this type of study. Furthermore, since the selected plans spanned a 
period of ten years, OAR and tumor delineation may have evolved over time. This might partly explain the 
dif ferences in PTV volumes noted between the periods (Table 1). We attempted to create homogeneous 
groups by only selecting patients with the primary tumor originating in the tonsillar region and pharyngeal 
wall. With 30 patients selected from each period, mean results are less dependent on individual patient 
geometries. 

Reductions in OAR doses can be interpreted using radiobiological models to estimate the normal tissue 
complication probability (NTCP). For example, according to Dijkema et al. [26], for a reduction in the 
salivary flow rate to<25%, the NTCP could be reduced by on average ~20% by reducing averaged parotid 
gland mean doses by approximately 7Gy, (comparable to P2 versus P3/P4. Further analysis is merited to 
determine whether the longitudinal dosimetric improvements translate into better patient reported 
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outcome measures [27]. The present results also show that photon plans for HNC are still improving. 
This is important to consider when comparing photon plans with other new irradiation techniques (e.g. 
protons).  

In conclusion, the introduction of new radiotherapy technologies and planning techniques for locally 
advanced head and neck cancer patients at our department over the last decade has been associated with 
substantially improved OAR sparing while providing similar PTV dose coverage and homogeneity. These 
gains did not degrade the conformity index or increase dose deposition in the remainder of the body. 
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