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Abstract
This prospective study of weekly CT scanning and plan adaption during H&N IMRT reports on the frequency of plan adapta-
tions based on dosimetric differences between original and re-optimised IMRT plans. The volumetric and geometric change 
occurring in target volumes and salivary glands is also described. Ten H&N cancer patients underwent weekly planning CT 
imaging and re-optimisation of the IMRT plan if PTV or OAR coverage was unacceptable. Comparisons of PTV and parotid 
gland dosimetry between the original and adaptive plans were made. Parotid and submandibular gland volume changes and 
shift were calculated. Eight of ten patients required one or more plan adaptations, with 41% of adaptations occurring by 
fraction ten. Salivary glands reduced in volume, with a medial shift of the lateral border of the parotid gland and a superior 
shift of the submandibular gland. Change in PTV coverage did not correlate with weight loss or nutritional score. Inadequate 
PTV coverage, requiring plan adaptation, occurs early in the course of IMRT. A weekly Adaptive RT (ART) protocol results 
in significant improvement of PTV coverage. Implementation of a clinical ART protocol should include imaging and dose 
calculation within the first ten fractions.

Keywords Adaptive radiotherapy · Head and neck cancer · Intensity-modulated radiotherapy · Anatomic change · 
Dosimetry

Introduction

Intensity Modulated Radiation Therapy (IMRT) for treat-
ment of Head and Neck (H&N) cancer delivers highly con-
formal, high dose radiotherapy, utilising an initial planning 
CT for contouring and dose calculation. This ‘snapshot’ of 
patient anatomy acquired prior to treatment does not account 
for morphological changes during treatment. Deliberate 
placement of steep dose gradients in tissue, where Planning 
Target Volumes (PTVs) and Organs at Risk (OARs) are in 
close proximity, results in a dose distribution sensitive to 
small changes in patient anatomy [1].

Patients undergoing H&N radiotherapy experience weight 
loss and tumour mass change [2–6], which may affect nearby 
OARs. Literature reports that parotid glands reduce in vol-
ume and shift medially into the high dose region [7]. Other 
reported volumetric OAR changes affect submandibular 
glands (reduced volume and superior shift), larynx and con-
strictor muscles (oedema with increased volume) [6–8]. These 
anatomical changes may result in the delivered dose distri-
bution being significantly different to the one planned, with 
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increased dose to parotid glands, spinal cord and brainstem 
[7]. Similarly, dose to tumour target volumes can deviate from 
planned, resulting in decreased dose and increased dose homo-
geneity in tumour volumes [3–5, 9, 10].

Discrepancies between delivered and planned dose distri-
bution would have two consequences. Increased OAR dose 
results in greater radiation induced organ toxicity [11, 12], 
impacting on health related quality of life [13, 14]. Inadequate 
dose delivery to tumour volumes may compromise tumour 
control.

Patients may benefit from an adaptive radiotherapy (ART) 
approach, whereby a new treatment plan is created during the 
course of radiation therapy to account for anatomical changes 
[15]. Studies investigating the impact of such replanning have 
demonstrated improvement in tumour target volume coverage 
[4, 16, 17] as well as a reduction in dose to parotid glands, spi-
nal cord and brainstem [18–21]. Two prospective case series 
have demonstrated improved loco-regional control rates in 
patients undergoing ART [22, 23] .

The clinical implementation of an ART protocol for H&N 
cancer patients, using multiple repeat CT scans, is a resource 
intensive process. Furthermore, not all patients may benefit 
from treatment plan re-optimisation [4, 24]. Therefore, to allo-
cate limited resources appropriately, the patients who would 
most benefit from the ART process should be identified. Some 
investigators have attempted to correlate plan dosimetry with 
factors such as weight loss, initial volume of parotid glands 
and positional changes; however no statistically robust meas-
ures have been clearly identified [7, 18, 25]. Brown et al. [26] 
proposed a model to predict the need for plan adaptation, based 
on the tumour site, nodal stage at diagnosis, patient weight and 
initial nodal size. Equally relevant is the determination of the 
best timing for ART, with some authors recommending plan 
adaptations in the first half of treatment [5, 7, 27, 28].

This paper describes an exploratory investigation of a pro-
spective ART protocol, whereby weekly conventional planning 
CT scans and nutritional (including weight) assessment were 
performed. The target volumes (TV) and OARs were manu-
ally delineated weekly by a radiation oncologist. Patients were 
subsequently treated with a re-optimised plan, if required. The 
investigation examined (1) the effect of anatomical changes 
on dose delivery to the PTV and OARs, (2) the effect of re-
optimisation of the IMRT plan, and finally (3) explored the 
potential utility of weight or nutritional score in selecting 
patients who may benefit from an ART approach.

Materials and methods

Patient selection

The study protocol attained Ethics Board approval and 
participants provided informed consent. Ten consecutive 

patients with histologically proven primary head and neck 
Squamous Cell Carcinoma (SCC), with measurable disease 
on CT scan, undergoing primary radiotherapy with curative 
intent, with or without concurrent systemic therapy, were 
enrolled onto this prospective study.

Planning CT procedure

Patients were immobilized with a Civco Posifix 5 point 
fixation thermoplastic head and shoulder mask in supine 
position. A contrast-enhanced CT scan using a Siemens 
SOMATOM Sensation 16-slice scanner (SIEMENS, Erlan-
gen, Germany) was acquired with 2 mm axial slices through 
the head and neck region (from the vertex of the skull to 
below the clavicular heads), with isocentre placement at the 
inferior-anterior edge of the C4 vertebral body on mid-line.

Delineation of target volumes and treatment 
prescription

All delineation was undertaken using the Pinnacle Treatment 
Planning System Versions 8.0m and 9.0 (Philips Medical 
Systems, Fitchburg, Wisconsin, USA) by the chief inves-
tigator (FA) and checked by a second radiation oncologist 
(AAM). Treatment volumes were defined using international 
consensus guidelines [29] and ICRU 62 definitions [30]. 
Gross Tumour Volume (GTV) was determined by visible 
tumour (GTVp) and enlarged or suspicious lymph nodes 
(GTVn), identified clinically and radiographically with CT, 
MRI or FDG-PET. All the Clinical Target Volumes (CTVs) 
were defined along anatomical boundaries. The CTV of 
the primary (CTVp) was defined by an expansion from the 
GTVp. The CTV of involved lymph nodes (CTVn) was a 
3 mm expansion of the GTVn into normal fat. The CTV 
of uninvolved bilateral nodal regions (CTVn0) was gener-
ated as defined by the international consensus guidelines 
[29], but excluded the CTVp and CTVn volumes. The Plan-
ning Target Volume (PTV) was obtained by a 3 mm expan-
sion of the CTV, as per the IGRT protocol at our institu-
tion. Two PTVs were defined; PTV60 (tumour, involved 
lymph nodes and at-risk regions), which was an expansion 
of the CTVp + CTVn + CTVn0, and PTV70 (tumour and 
involved lymph nodes), which was an expansion of the 
CTVp + CTVn. Intraobserver variability, when creating 
CTVs, was minimized by recording the anatomical bounda-
ries used when creating the TVs, facilitating their reproduc-
tion in following weeks.

Organ at risk volumes were identified and contoured, 
including parotid and submandibular glands, spinal cord, 
mandible and mucosa (2 mm annulus around the aerodiges-
tive air column). Other tissues (lenses, optic nerves, optic 
chiasm) were included when considered at risk of exposure.
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A total of 70 Gy (2 Gy/fraction) was prescribed to the 
PTV70 and 60 Gy (1.7 Gy/fraction) to the PTV60 using 
6MV photons and a seven-field IMRT with simultaneous 
integrated boost technique over 35 fractions (10 fractions/
week), commencing within a median of 15 days (range 
13–27) after planning CT. Daily IGRT using bone matched 
electronic portal imaging (EPI) correction was performed as 
per departmental protocol.

Weekly imaging and plan assessment

All patients underwent a non-contrast planning CT scan 
every 5th fraction after commencement of radiation ther-
apy. The final four patients also had an additional planning 
CT scan on day one of radiation therapy, due to a proto-
col adjustment to include imaging on day one to assess any 
anatomical changes between simulation and treatment start. 
At each CT scan, the fit of the mask was assessed and new 
masks were provided as required. The newly acquired CT 
dataset was aligned to the original CT scan using rigid reg-
istration. For each CT scan, the tumour volumes (i.e. GTVp, 
GTVn, CTVs and PTVs), parotid glands and spinal cord 
were delineated by the chief investigator (FA). Deformable 
Image Registration (DIR) software was not used, and all 
contour adjustment was done manually. The original treat-
ment plan was recalculated on the new CT dataset and plan 
acceptability was assessed via pre-determined DVH param-
eters for PTV coverage and dose to spinal cord, without dose 
warping. An unacceptable plan was defined as V95 < 95% 
for the PTV70 or PTV 60; or a spinal cord Dmax ≥ 45 Gy.
The parotid gland dose was noted, but did not affect deci-
sion making. Unacceptable plans were re-optimised and 
this re-optimised plan used for subsequent treatment and 
weekly comparison. Parotid and submandibular gland move-
ment was calculated by measuring the shift of the Centre of 
Mass (COM) coordinates relative to the original planning 
CT scan. The lateral border position of the parotid glands 
was calculated as half the width of the gland in the lateral 
direction from the COM point.

Weekly patient assessment

Patients underwent nutritional assessment on the same day 
as their repeat planning CT scan. Weight was measured 
without shoes and before chemotherapy. A Patient Generated 
Subjective Global Assessment (PG-SGA) was performed, 
in order to document the patient nutritional status. The PG-
SGA is a nutritional tool, validated in the oncology popula-
tion, which provides a global assessment of the nutritional 
status (categories A,B,C), as well as a numerical score, 
which increases with worsening nutritional status [31].

Statistical analysis

Sample t-tests were used to assess volumetric, geometric and 
dosimetric changes in the unadapted IMRT plans. Compari-
sons between the original and adapted plans were performed 
using two-sided paired t-tests. A probability value < 0.05 
was considered significant. Correlation between patient 
nutritional score and weight versus PTV70 coverage over the 
treatment was investigated using Pearson’s correlation; since 
the Shapiro–Wilk test demonstrated that the data exhibited 
a normal distribution.

Results

Patients

Ten eligible patients were enrolled (Table 1); nine were 
male. The mean age of the patients was 63.7 years (range 
49–82). Eight patients received concurrent systemic ther-
apy, with either weekly Cisplatin or Cetuximab. One patient 
switched from Cisplatin to Cetuximab in the third week due 
to ototoxicity.

Mean weight loss during treatment for all patients was 
5.6 kg (range 0.3–10.0 kg). Two patients required new 
immobilisation masks; both at fraction 20. Their weight 
loss at fraction 20 (6.2 kg and 6.8 kg) was double the mean 
weight loss of 3.1 kg (range + 0.8 kg to − 6.8 kg) at this time. 
The mean PG-SGA score increased during the treatment 
course, from a score of 5 (range 1–11) prior to treatment to 
17 (range 11–28) at fraction 35, indicating worsening nutri-
tional status (Supplementary Fig. 1).

Target volume volumetric changes

TVs changed over the treatment period (Table 2), with sig-
nificant reduction by fraction 35; 25% for the GTVp, 44% 
GTVn, 18% CTVp, 28% CTVn and 11% PTV70. However 
CTVn0 and PTV60 did not demonstrate significant volume 
change.

Adaptive replanning

A total of 84 CT scans were analysed. A total of 22 plan 
adaptations were undertaken (Fig. 1), with a mean of 2 
(range 0–5) for the patient cohort. Two of four patients, who 
underwent scanning at fraction 1, required immediate plan 
adaptation due to significant underdosing of the PTV. Two 
patients with early stage node-negative (T1N0) oropharyn-
geal SCC required no treatment plan adaptation. All 22 plan 
adaptations were due to inadequate PTV coverage; with 9 
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(41%) occurring by fraction 10 and 12 (55%) by fraction 15. 
All first plan adaptations and half of the second plan adapta-
tions had occurred by fraction 15.

Target volume coverage with and without adaptive 
replanning

Figure 2 and Table 3 demonstrate the weekly PTV70 and 
PTV60 coverage for the original treatment plan on the 
weekly anatomy (as if no plan optimisation was performed) 
and for the adaptive planning strategy (≥ 1 optimisation 
events) for all 10 patients. Adaptive replanning significantly 
improved both PTV70 coverage (P = 0.0004) and PTV 60 
coverage (P = 0.0012).

Salivary gland volume change, shift and dose 
change

The parotid gland volume significantly reduced by 28.0% 
during treatment (P < 0.01). The lateral borders of the parotid 
glands demonstrated a significant medial shift of 1.2 mm 
(range − 0.1 to 3.4 mm; P = 0.02), however the centres of 
mass did not shift medially (P = 0.51). The submandibular 
glands reduced significantly in volume by 26% (P < 0.001). 
A significant superior shift of the submandibular glands was 
observed at all fractions except for fractions 20 and 35. At 
fraction 30, a 2.4 mm superior shift (range − 2.3 to 10.3 mm, 
P = 0.02) was observed. Although the adapted plans met the 
parotid gland dose constraints (V26 < 50%), the adapted plan 
delivered a higher parotid gland dose compared to the origi-
nal plan (38% vs. 44%, P = 0.001). However, further retro-
spective replanning (ART2), with optimisation parameters 
placing more importance on the parotid gland dose, was able 
to obtain both improved TV coverage and reduced parotid 
gland dose (Fig. 3).

Correlations with inadequate tumour coverage

There was no correlation between the change in patient 
PG-SGA score and change in PTV70 coverage (correla-
tion coefficient − 0.046; P = 0.703). Similarly, no cor-
relation was found between patient weight changes and 
the change in PTV70 coverage (correlation coefficient 
− 0.135; P = 0.256). However, initial nodal volume cor-
related with the number of plan adaptations (correlation 
coefficient 0.708; P = 0.022).

Discussion

The strength of our study lies in the weekly dosimetric 
evaluation of oncologist-defined structures on planning CT 
scans, which allowed for regular assessment of the “actual” 
dose delivery as anatomical changes occurred. This permits 
a truly adaptive approach to be implemented as patients were 
treated with a re-optimised plan as required, within 24 h 
of the new planning CT scan. Our frequency of dosimet-
ric evaluation is similar to the study published by Schwartz 
et al. [19], where 24 patients underwent daily in-room CT 
scanning with weekly dose calculation on contours cre-
ated by deformable-image registration. They report that all 
patients required at least one replan due to “CTV and normal 
tissues changes”. However, underdosing of the CTV was 
not observed with the IGRT or ART techniques, suggesting 
that replanning was required due to excessive OAR dose. 
By contrast, our investigation demonstrated inadequate PTV 
coverage in 80% of the patient cohort, requiring IMRT plan 
adaptation during the course of treatment. Plan adaptation 
was required due to inadequate PTV coverage in all cases, 
rather than excessive OAR dose; and resulted in significant 
improvement in TV coverage. Other investigators [4, 5, 18] 
have reported lower rates of plan adaptations; however the 
frequency of CT scanning and dosimetric analysis in these 

Table 1  Main patient 
characteristics and adaptive 
planning schedule

Patient 
number

Site TNM stage Concurrent CT Number of 
replans

Adaptive plan 
timings (fraction 
number)

1 Oropharynx T3N1M0 Cisplatin 1 10
2 Nasopharynx T4N2M0 Cisplatin 2 10, 20
3 Hypopharynx T3N2M0 Cisplatin 1 10
4 Oropharynx T1N0M0 Nil 0
5 Oropharynx T4N2M0 Cisplatin 3 5, 10, 25
6 Oropharynx T2N2M0 Cisplatin/cetuximab 5 0, 5, 15, 20, 30
7 Oropharynx T2N2M0 Cetuximab 3 15, 25, 30
8 Oropharynx T3N2M0 Cisplatin 3 0, 5, 30
9 Oropharynx T1N0M0 Nil 0
10 Oropharynx T3N2M0 Cisplatin 4 15, 20, 25, 30



47Australasian Physical & Engineering Sciences in Medicine (2019) 42:43–51 

1 3

Ta
bl

e 
2 

 M
ea

n 
vo

lu
m

e 
(+

 st
an

da
rd

 d
ev

ia
tio

n)
 o

f t
ar

ge
t v

ol
um

es
 d

ur
in

g 
ra

di
at

io
n 

tre
at

m
en

t

Vo
lu

m
e 

ch
an

ge
s m

ea
su

re
d 

ag
ai

ns
t t

he
 p

la
nn

in
g 

vo
lu

m
e

G
TV

p 
vi

si
bl

e 
tu

m
ou

r, 
G

TV
n 

en
la

rg
ed

 o
r s

us
pi

ci
ou

s 
ly

m
ph

 n
od

es
, C

TV
p 

C
TV

 o
f p

rim
ar

y 
tu

m
ou

r, 
C

TV
n 

C
TV

 o
f i

nv
ol

ve
d 

ly
m

ph
 n

od
es

, C
TV

n0
 C

TV
 o

f a
t r

is
k 

bu
t u

ni
nv

ol
ve

d 
no

da
l r

eg
io

n,
 

PT
V

70
 P

TV
 re

ce
iv

in
g 

70
 G

y,
 P

TV
60

 P
TV

 re
ce

iv
in

g 
60

 G
y

Fr
ac

tio
n 

nu
m

be
r

G
TV

p 
vo

lu
m

e 
(m

l);
 v

ol
um

e 
ch

an
ge

 (%
)

P 
va

lu
e

G
TV

n 
vo

lu
m

e 
(m

l);
 v

ol
um

e 
ch

an
ge

 (%
)

P 
va

lu
e

C
TV

p 
vo

lu
m

e 
(m

l);
 v

ol
um

e 
ch

an
ge

 (%
)

P 
va

lu
e

C
TV

n 
vo

lu
m

e 
(m

l);
 v

ol
um

e 
ch

an
ge

 (%
)

P 
va

lu
e

C
TV

n0
 

vo
lu

m
e 

(m
l);

 
vo

lu
m

e 
ch

an
ge

 (%
)

P 
va

lu
e

PT
V

70
 

vo
lu

m
e 

(m
l);

 v
ol

um
e 

ch
an

ge
 (%

)

P 
va

lu
e

PT
V

60
 

vo
lu

m
e 

(m
l);

 v
ol

um
e 

ch
an

ge
 (%

)

P 
va

lu
e

Pl
an

ni
ng

21
.5

 ±
 15

.0
16

.4
 ±

 9.
9

51
.2

 ±
 29

.5
48

.4
 ±

 22
.7

17
1.

7 ±
 51

.7
16

2.
7 ±

 81
.1

48
0.

6 ±
 10

9.
6

5
22

.0
 ±

 16
.0

1.
7 ±

 5.
6

0.
38

16
.2

 ±
 11

.6
−

 3.
5 ±

 28
.6

0.
89

51
.8

 ±
 27

.6
3.

9 ±
 14

.7
0.

69
48

.5
 ±

 25
.4

2.
9 ±

 27
.7

0.
97

16
8.

7 ±
 49

.4
−

 1.
2 ±

 5.
7

0.
33

16
6.

8 ±
 84

.3
2.

5 ±
 10

.7
0.

49
48

5.
1 ±

 10
0.

0
1.

4 ±
 4.

5
0.

51

10
20

.1
 ±

 15
.4

−
 10

.3
 ±

 10
.9

0.
02

14
.2

 ±
 9.

1
−

 6.
5 ±

 33
.2

0.
14

47
.9

 ±
 27

.1
−

 5.
0 ±

 12
.9

0.
07

45
.4

 ±
 20

.7
−

 2.
6 ±

 18
.9

0.
19

17
3.

6 ±
 48

.6
2.

2 ±
 10

.2
0.

72
15

7.
6 ±

 78
.2

3.
6 ±

 7.
0

0.
18

47
6.

7 ±
 10

0.
5

−
 0.

4 ±
 4.

7
0.

56

15
18

.5
 ±

 15
.1

−
 17

.1
 ±

 18
.6

0.
05

13
.2

 ±
 9.

3
−

 10
.9

 ±
 43

.3
0.

09
47

.3
 ±

 29
.9

−
 7.

8 ±
 16

.3
0.

07
43

.7
 ±

 21
.4

−
 7.

4 ±
 17

.1
0.

10
16

8.
5 ±

 57
.0

−
 2.

3 ±
 6.

3
0.

43
15

2.
6 ±

 77
.7

−
 7.

1 ±
 8.

6
0.

03
47

1.
2 ±

 11
3.

4
−

 2.
0 ±

 5.
8

0.
33

20
18

.2
 ±

 14
.8

−
 21

.1
 ±

 17
.8

<
 0.

01
11

.1
 ±

 7.
9

−
 24

.7
 ±

 39
.9

0.
03

45
.4

 ±
 26

.1
−

 10
.6

 ±
 12

.7
0.

01
38

.7
 ±

 19
.0

−
 15

.6
 ±

 26
.1

0.
03

16
7.

3 ±
 52

.4
−

 2.
1 ±

 7.
9

0.
37

14
5.

9 ±
 74

.0
−

 10
.2

 ±
 12

.0
0.

02
46

5.
5 ±

 93
.6

−
 2.

5 ±
 6.

0
0.

15

25
17

.9
 ±

 14
.9

−
 22

.8
 ±

 20
.6

<
 0.

01
9.

9 ±
 7.

4
−

 32
.9

 ±
 35

.9
0.

02
46

.5
 ±

 27
.7

−
 8.

3 ±
 15

.4
0.

09
37

.1
 ±

 19
.4

−
 21

.5
 ±

 20
.4

0.
02

16
6.

3 ±
 51

.1
−

 2.
5 ±

 8.
3

0.
31

14
8.

1 ±
 77

.2
−

 8.
5 ±

 11
.7

0.
03

46
6.

4 ±
 99

.0
−

 2.
4 ±

 6.
5

0.
19

30
17

.0
 ±

 13
.6

−
 26

.0
 ±

 19
.4

<
 0.

01
9.

4 ±
 7.

1
−

 37
.0

 ±
 31

.7
0.

02
47

.6
 ±

 28
.4

−
 6.

4 ±
 18

.1
0.

14
36

.0
 ±

 19
.3

−
 24

.7
 ±

 20
.0

0.
02

16
4.

8 ±
 49

.9
−

 3.
2 ±

 9.
8

0.
22

14
7.

4 ±
 76

.4
−

 8.
6 ±

 15
.2

0.
06

46
4.

9 ±
 10

3.
2

−
 2.

9 ±
 5.

9
0.

11

35
18

.7
 ±

 14
.9

−
 24

.6
 ±

 22
.9

<
 0.

01
9.

1 ±
 7.

6
−

 44
.3

 ±
 25

.0
0.

03
47

.1
 ±

 30
.4

−
 18

.0
 ±

 32
.1

0.
05

35
.5

 ±
 19

.6
−

 28
.1

 ±
 19

.8
0.

03
16

2.
9 ±

 54
.1

−
 2.

0 ±
 9.

5
0.

44
14

3.
8 ±

 77
.7

−
 10

.9
 ±

 12
.8

0.
04

45
9.

3 ±
 10

8.
2

−
 2.

6 ±
 5.

8
0.

17



48 Australasian Physical & Engineering Sciences in Medicine (2019) 42:43–51

1 3

reports is less than weekly. Ahn et al. [4], who imaged at 
three time points during the treatment course, demonstrated 
that 65% of their patients (15 of 23) required replanning, 
predominantly due to inadequate PTV coverage. Wang et al. 
[24], using a single re-imaging, reported that 50% of una-
dapted plans were noncompliant for OAR dose criteria.

A limitation of our study is that the patient cohort was 
small (n = 10), however the number of scans undertaken (84 
scans) is comparable to that seen in other prospective studies 
which have reported on the effect of an ART approach on 
TV and OAR coverage (range 30–91 scans) [4, 16–19, 21, 
24, 25]. Larger studies tend to image and calculate the dose 
less frequently [4, 16, 18, 21, 24]. Other studies, employing 
weekly imaging and dose calculation have similarly smaller 
patient cohorts (n = 11–15) [17, 20, 25, 32]. Schwartz et al. 
[19], however performed weekly imaging on a larger patient 
cohort (n = 24). It was not possible in increase the num-
ber of patients in this study due to departmental resource 
constraints.

Whilst dose calculation on repeat imaging studies is per-
formed and reported widely, interpretation of the data needs 
to consider the variability in results occurring due to fac-
tors aside from volumetric and geometric changes within 
the patient. The image registration process and interfraction 
positional variation of the patient may introduce random 
variability, which would impact on results of contour shift 
and dosimetric comparison. Delana et al. [33] quantified 

the impact of set-up variations on parotid gland dose. A 3% 
increase in mean parotid dose was observed with each mil-
limetre displacement in the craniocaudal and lateral dimen-
sions. Additionally, the movement of interstitial fluid, result-
ing in tissue deformation, may vary during treatment [34]; 
this was not accounted for in this study.

We have demonstrated that the GTVs (GTVp, GTVn) 
and their associated CTVs (CTVp, CTVn) reduced in vol-
ume over the treatment period. In a recent study by Ham-
ming-Vrieze et al. [35], it was demonstrated that the tis-
sue surrounding the GTV (containing microscopic disease) 
did not shrink as rapidly as the visible tumour. Therefore, 
contouring a shrinking tumour volume during the course of 
treatment risks underdosing microscopic disease. However, 
this issue is mitigated if CTVs strictly adhere to anatomi-
cal boundaries, as we have done. We demonstrated that the 
mean CTVn0 (representing the high risk nodal area) did not 
show significant volume reduction, nor did the mean PTV60 

Fig. 1  Timing of adaptive replanning, for first, second and subsequent 
replans

Fig. 2  Mean V95 coverage, with 95% confidence intervals of a 
PTV70 and b PTV60, for the original treatment plan on weekly 
anatomy versus adaptive planning strategy. V95- volume of structure 
receiving 95% of the prescription dose
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volume, whose construct is dominated by the CTVn0. 
Therefore we feel that our protocol minimised the risk of 
undertreating microscopic disease.

Whilst the optimal timing to engage an ART technique is 
unknown, some authors recommend undertaking plan adap-
tation early in the treatment course [7, 17, 27, 28]. Zhang 
et al. [17] recommend plan adaptation at weeks one, two 
and five. Schwartz et al. [19] report the median timing of 
first replan for their cohort was at fraction 16. Significant 
changes in anatomy occurring in the first half of treatment 
have previously been reported by others [7]. 41% of our 
replanning events occurred at or before fraction 10. All first 
IMRT plan adaptations and half of the second plan adapta-
tions had occurred by fraction 15. This supports the view 
that inadequate IMRT plan dosimetry can occur early and we 
would recommend initiating repeat imaging and plan assess-
ment early in the treatment course, as early as fraction 5 or 
10. However, plan assessment should also be undertaken 
later in the course of RT, e.g., at fraction 25, as suboptimal 
dose delivery can still occur at this stage.

Although the parotid gland dose remained within accept-
able IMRT planning dose constraints (i.e., V26 < 50%), our 
patients received a higher parotid gland dose with the adap-
tive plans, compared to the original treatment plan. This 
occurred because, in order to begin treatment using the adap-
tive plan within 24 h, the first acceptable adaptive treatment 
plan meeting the requirements for PTV coverage and the 
parotid gland dose constraints (V26 < 50%) was utilised. 
Subsequent retrospective replanning demonstrated that it 
was possible to create an adaptive plan with improved cov-
erage of both the PTV and the parotids, with little additional 
planning time. A limitation of our study is that prospec-
tive parotid gland sparing was not prioritised sufficiently. 
This could have been avoided, without slowing the replan-
ning process, by modifying the optimisation criteria for the 
parotid glands at the time of adaptive replanning.

Significant resources are required to maintain a compre-
hensive ART strategy for all H&N cancer patients. Manual 
delineation of the required anatomical structures takes 
approximately 2 h [36], but can vary widely depending on 

Table 3  Weekly mean PTV coverage (+ standard deviation) of original plan versus adaptive planning strategy during radiation treatment

PTV70 PTV receiving 70 Gy, PTV60 PTV receiving 60 Gy

Fraction number Mean V95 value of PTV70 (%) P value Mean V95 value of PTV60 (%) P value

Original IMRT plan Adaptive strategy Original IMRT plan Adaptive strategy

Planning 97.4 ± 2.0 98.0 ± 1.0
1 94.1 ± 4.6 97.8 ± 0.5 0.164 95.7 ± 2.6 97.4 ± 1.1 0.264
5 93.2 ± 4.8 95.6 ± 4.5 0.256 96.2 ± 2.1 97.0 ± 2.1 0.404
10 91.9 ± 4.7 97.1 ± 3.0 0.009 96.0 ± 2.3 97.6 ± 1.1 0.061
15 90.4 ± 6.9 96.9 ± 1.9 0.009 95.5 ± 3.0 97.2 ± 1.0 0.100
20 89.8 ± 8.9 96.2 ± 3.5 0.048 94.0 ± 3.9 97.5 ± 1.5 0.019
25 88.6 ± 8.3 95.3 ± 4.3 0.036 93.9 ± 3.1 97.3 ± 1.4 0.005
30 87.8 ± 11.6 95.9 ± 4.3 0.055 94.0 ± 3.8 97.9 ± 1.2 0.006
35 90.6 ± 8.4 95.3 ± 5.7 0.184 94.1 ± 3.2 97.5 ± 1.4 0.010

Fig. 3  Comparison of mean coverage of a Parotid Gland (V26) and b 
PTV70 (V95) non-adapted plan (original) versus adaptive plan (ART) 
versus retrospective adaptive plan (ART2). The error bars represent 
the maximum and minimum values



50 Australasian Physical & Engineering Sciences in Medicine (2019) 42:43–51

1 3

the amount of structures contoured and physician experience. 
Further time and resources are required for treatment plan 
generation, dosimetry calculation and the Quality Assurance 
process before an adapted plan can be delivered [36]. We 
were able to achieve a turnaround time of 24 h to delivery 
of an adapted plan, with existing staff resources, but this 
required good communication and coordination between 
the team. Due to resource limitations, the challenge of iden-
tifying those patients who would most benefit from ART 
remains. We found a correlation between initial nodal size 
and frequency of plan adaptations. This is consistent with 
the investigation by Brown et al. [26], where initial nodal 
size correlated with the need for plan adaptation; and was 
subsequently a predictive factor included in their model to 
identify patients who may need ART. Selection criteria for 
ART suggested by other authors include initial planning 
doses achieved in the TV and parotid glands [4, 7, 37]. Whilst 
weight change could be a convenient surrogate measure of 
IMRT plan suitability, previous studies have found it to be an 
unreliable indicator [18, 25, 34]. In our investigation, neither 
weight loss nor PG-SGA score correlated with inadequate 
tumour coverage; however we are limited by a small sample 
size. Nevertheless, we feel that the PG-SGA is a potentially 
useful tool to examine further in prospectively designed 
larger scale investigations, since the score is derived from a 
group of measures, only one of which is weight.

Implementing an ART strategy is challenging in large 
numbers outside of a trial protocol, due to the significant 
resources required. Larger scale prospective investigations 
would be useful to identify reliable surrogate measures that 
would suggest a need to adapt an IMRT plan; hence direct-
ing the resources where they would be most beneficial. Cone 
Beam CT, deformable registration and autosegmentation 
tools were not in clinical use in the centre when this study 
was developed. Whilst this study required significant staffing 
resources, we have shown that it is feasible to implement an 
ART strategy on a small scale, even in the absence of these 
potentially time-saving tools. Streamlining the ART process, 
with the use of autosegmentation and planning and Cone 
Beam CT Imaging may also result in a more practical ART 
strategy, and should be investigated further. However, there 
are limitations of using these tools. Compared the planning 
CT images, Cone Beam CT images have reduced soft tis-
sue contrast, greater image noise and the longer acquisition 
time may result in blurring due to internal structure motion 
[38, 39]. The image quality is inferior to diagnostic quality 
CT images, which may result in difficulty with the accu-
rate delineation of the GTV and at- risk nodal regions [39, 
40]. Whilst there is good concordance between oncologist 
defined contours and autosegmented contours for OARs, 
the GTV is also less well replicated by autosegmentation 
[41].We consider oncologist defined contours to still be the 
gold-standard. Additionally, the maximum field length of 

Cone Beam CT images is limited to 26–27 cm [38], there-
fore the full head and neck field cannot be imaged in a single 
acquisition; thus preventing complete assessment of patient 
anatomy and dose delivery.

Ultimately, an ART strategy which improves plan dosim-
etry would only be worthwhile if it results in an improve-
ment in patient clinical outcomes. Good tumour control was 
reported in one prospective ART study; with 100% local 
and 95% regional disease control at 2 years reported (19). 
Castelli et al. [32] demonstrated a reduction in xerostomia 
risk with weekly replanning using radiobiological model-
ling. Radiobiological analysis of clinical outcome measures 
should be incorporated into future prospective investiga-
tions, in addition to the consideration of dosimetric outcome 
measures.

Conclusion

80% of the patient cohort benefitted from ART during the 
course of IMRT in our investigation. Our results suggest 
that inadequate target volume coverage can occur early, as 
all first plan adaptations and half of the second plan adapta-
tions had occurred by fraction 15. A weekly ART proto-
col resulted in significant improvement of tumour cover-
age. During the implementation of a clinical ART protocol, 
imaging and dose calculation within the first ten fractions 
could be considered. Patients with large initial volume of 
nodal disease may benefit from more frequent imaging and 
plan assessment.
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