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ABSTRACT

Introduction: Head and neck cancer (HNC) patients’ anatomy may undergo significant changes during
radiotherapy (RT). This potentially affects dose distribution and compromises conformity between
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planned and delivered dose. Adaptive radiotherapy (ART) is a promising technique to overcome this

problem but requires a significant workload. This systematic review aims to estimate the clinical and

dosimetric benefits of ART using prospective data.

Material and methods: A search on PubMed and Web of Science according to the PRISMA guidelines
was made on Feb 6, 2023. Search string used was: ‘adaptive radiotherapy head neck cancer’. English
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language filter was applied. All studies were screened for inclusion on title and abstract, and the full
text was read and discussed in the research group in case of uncertainty. Inclusion criteria were a pro-
spective ART strategy for HNC investigating clinical or dosimetric outcomes.

Results: A total of 1251 articles were identified of which 15 met inclusion criteria. All included studies
were published between 2010 and 2023 with a substantial diversity in design, endpoints, and nomen-
clature. The number of patients treated with ART was small with a median of 20 patients per study
(range 4 to 86), undergoing 1-2 replannings. Mean dose to the parotid glands was reduced by 0.4-
7.1 Gy. Maximum dose to the spinal cord was reduced by 0.5-4.6 Gy. Only five studies reported clinical
outcome and disease control was excellent. Data on toxicity were ambiguous with some studies indi-
cating reduced acute toxicity and xerostomia, while others found reduced quality of life in patients

treated with ART.

Conclusion: The literature on clinical ART in HNC is limited. ART is associated with small reductions in
doses to organs at risk, but the influence on toxicity and disease control is uncertain. There is a clear
need for larger, prospective trials with a well-defined control group.

Background

Head and neck cancer (HNC) is characterized by a tendency
to regional rather than distant spread. Disease control is
therefore possible with aggressive loco-regional radiotherapy
(RT). In most patients this means fractionated RT to a total
dose of 66-70Gy over 5-6 weeks, often combined with sys-
temic chemotherapy. The combined treatment is associated
with significant acute and long-term toxicity [1], and recur-
rence is seen in 20-40% of patients [2-4]. Improvements in
RT of HNC is therefore pivotal to reduce side effects and
increase tumor control.

While modern day RT planning is detailed and precise,
anatomical changes during treatment due to tumor shrink-
age, edema, weight loss, etc. may constitute a significant
challenge. These volumetric changes may reshape the anat-
omy of the neck, and modify the primary tumor, nodes and
normal tissue to a degree where the anatomy at time of
planning becomes inconsistent with the anatomy during
treatment [5-7]. Significant anatomical changes have been

observed as early as two weeks into treatment [8,9]. This is
problematic as some areas may receive less or more dose
than planned with a corresponding increased dose to normal
tissue. Studies have shown that the parotid glands migrate
up to 12mm toward the high dose areas resulting in over-
dosage and an increased risk of xerostomia as a result [10-
14]. Others have described increases in doses to the brain-
stem or spinal cord in patients with nasopharyngeal cancer
(NPC) [15,16]. Some studies have shown improved target
coverage with adaptive radiotherapy (ART) compared to non-
ART in presence of large anatomical changes [6,8]. However,
the impact on tumor control is more difficult to assess and it
should be noted that a number of studies point to central-
ized locations in the target — as opposed to marginal failures
- as the main location of local failures in HNC [17,18].

One way to mitigate these anatomical changes is by fre-
quent replanning, thereby adapting the treatment to the
anatomical changes. ART holds the potential of increased
treatment accuracy, reduced dose to normal tissue and the
possibility of monitoring the actual delivered dose [19].
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While the concept is promising, the manual replanning has
been resource-heavy and time-consuming, preventing rou-
tine clinical use [20].

Over the last 15years there has been an excessive
increase in numbers of published studies investigating ART
(Figure 1). Most of these studies are retrospective and inves-
tigates the presumed benefit of ART at various points in
treatment [21,22]. Retrospective studies offer limited guid-
ance on the potential advantages and disadvantages of ART
in routine clinical practice due to a notable risk of selection
bias where adapted patients showed unusual anatomical
changes. Prospective studies may provide a more representa-
tive sample of patients with HNC [6,23].

The aim of this study was to generate an overview of clin-
ical studies testing ART procedures in a prospective setting
and extract data from such studies which can inform about
the potential clinical value of ART in HNC.

Materials and methods
Search strategy

A search on PubMed and Web of Science was performed
according to the PRISMA 2020 guidelines [24] with the fol-
lowing search string: ‘adaptive radiotherapy head neck can-
cer'. English language filter was applied. For exact search
MeSH please see Supplementary A. The final search was
made on 6 February 2023. All search results were screened
on title and abstract. When in doubt, full text was read and
decision on inclusion was discussed within the group (by AL,
KH, IV and JF).

To be included the study should report dosimetric or clin-
ical endpoints of adult human patients treated with curative
intended external photon ART for HNC (thyroid carcinomas
excluded) with at least one planned rescan/adaption during
treatment. Reviews were excluded. However, the reference
lists of the papers were manually reviewed for additional
relevant studies meeting inclusion criteria. Studies only
including patients with unknown primary, recurrent disease
or reports of postoperative RT were excluded. Studies con-
cerning planned sequential boost on a new scan were
excluded if this was the only reason for replan. An example
of an excluded study using sequential boost ART is Nishi
et al. [25] despite that the boost was adapted to the chang-
ing anatomy.
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Dosimetric endpoints selected were mean dose to parotid
glands and spinal cord and maximum dose to spinal cord.
Clinical endpoints encompassed toxicity grade and reports
on quality of life (QolL). Clinical endpoints also encompassed
survival, progression or disease control, specifically: Overall
survival (OS), local control (LC), regional control (RC), locore-
gional control (LRC), complete response (CR) and partial
response (PR).

There was no attempt to obtain unpublished data.

For complete set of data variables extracted please see
Supplementary B.

Results
Screening

Figure 2 shows a PRISMA diagram of the study selection pro-
cess. One thousand four hundred and seventy-two studies
were found on PubMed and Web of Science. Three add-
itional studies were added from manual cross-reference of
articles and browsing. Most studies were published within
the last decade (see Figure 1). We excluded a total of 1202
papers on title or abstract review only. A total of 49 full text
articles were screened and 34 of these were excluded.
Fifteen studies (31% off full text screened studies) were
included in this review. Study characteristics are presented in
Table 1.

Patients

All included studies were published between year 2010 and
2023. Eight out of fifteen studies included HNC in various
sites (53%), five studies included NPC only (33%) and two
studies (13%) oropharyngeal carcinomas (OPSCC) only. The
15 studies included a total of 643 patients of which 392
(61%) received ART. All patients were treated with curative
intended RT except for one study that included one patient
treated with palliative intend. Generally, a low number of
patients treated with ART were included in the studies with
a mean of 26 and a median of 20 patients per study (inter-
quartile range: 15-30. See Figure 3). Four hundred and forty
eight patients (70%) were treated with concomitant chemo-
radiotherapy while 167 (26%) received RT alone. In one study
of 28 patients (4%) no information on use of chemotherapy
was provided [26]. Four studies included patients treated
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Figure 1. PubMed Search results: ‘Adaptive radiotherapy head neck cancer’. English language filter was applied. Each column represents the number of published
articles per year. Picture is captured from: https://pubmed.ncbi.nim.nih.gov/. Modified using the windows office package.
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Articles identified through literature search
Pubmed: 1.125
Web of Science: 347
Keywords: 'adaptive radiotherapy head neck cancer'
Language: English
Date of search: February 6, 2023

N = 1,472

Added from manual cross-reference
of articles and browsing

N=3

Papers screened on title and abstract only after duplicates
removed

N = 1,251

No available abstract (n = 19)
Not head and neck cancer (n = 106)
Review/metanalysis (n = 158)
No prospective adaptive strategy (n = 120)

No clinical adaption* (n = 678)
Pediatric patients (n = 13)

Non-photon radiotherapy (n = 65)
Biological adaption (*8FDG PET) (n = 30)
Brachytherapy (n = 6)

New primary/recurrence/post-OP treated (n = 3)

N = 1,202

Full-text articles assed for eligibility

N =49

Not head and neck cancer (n = 1)
Review/Metanalysis (n = 1)
No prospective adaptive strategy (n = 12)

No clinical adaption* (n = 16)
Biological adaption (18FDG PET) (n = 1)

New primary/recurrence/post-OP treated (n = 1)
Sequential boost (n = 2)

N=34

Articles included in the final review

N=15

Included

*Subdivision of reasons for exclusion: No relation to adaptive radiotherapy; no delivery of adaptive radiotherapy; technical aspects of

procedures; experimental setting; in silico studies; animal studies;

description of protocols

Figure 2. PRISMA diagram of study selection. Diagram made in https://lucidchart.com.

with postoperative radio/chemoradiotherapy, two studies
included treatment of recurrent disease and one of the stud-
ies also included 22 non-HNC patients. The prescribed doses
ranged from 60-76 Gy in 30-40 fractions with 70 Gy planned
for most patients.

All ART patients (n=392) had at least one replan during
treatment, 63 (9.8%) patients had two replans. No patients
had three or more replans. Two-hundred-and forty-nine
(39%) patients either belonged in a control group or did not
meet the criteria for replanning. Two (0.3%) patients in one
study were not analyzed.

Two studies used a zero mm PTV margins for ART
patients. Most others used 3-5mm PTV margins. Three stud-
ies did not report size of PTV margin.

Dosimetric outcomes

Most studies (13 out of 15) reported dosimetric outcomes [26—
38]. The maximum dose to the spinal cord was reduced by 0.5-
5Gy with at least one replanning. One study reported a reduc-
tion of the maximum dose to spinal cord by 7-8% with adap-
tion. Three studies reported a reduction in mean dose to the
spinal cord by 1.3-6.7 Gy compared to non-ART. Likewise, mean
doses to the parotid glands were reduced with one or more
replannings by an overall of 0.4-7.1Gy. Looking on lateraliza-
tion, a higher reduction was seen in the ipsilateral gland, with
1.3-4.1Gy compared to 0.6-2.25Gy in the contralateral gland
with one or more replannings. One study found ART to reduce
the mean dose to ipsilateral parotid gland by 1.5-3% and to
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Figure 3. The 392 patients treated with adaptive radiotherapy by year of publication. Each column represents the number of patients treated with ART in each
study. Sections marked pink, blue and green represent the share of patients not analyzed, treated off protocol or treated with palliative intend respectively. Mean
number of patients treated per study was 26, and the median was 20 (interquartile range: 15-30).

the contralateral parotid gland by 2-5% [29]. Two studies found
superior sparing of the right parotid gland by 4.1-5.6 Gy com-
pared to the left parotid gland 3-3.3 Gy [34,35].

Only Schwartz et al. [33] compared benefit of two versus
one replan. A second replan was found to reduce the mean
dose to the ipsilateral and contralateral parotid glands fur-
ther from 1.3 to 4.1 Gy and 0.6 to 0.8 Gy respectively.

The magnitude of reduction in mean doses to the parotid
glands with ART did not change over the past decade and
remained within 0.4-7.1 Gy (see Figure 4).

Clinical outcomes

Five studies evaluated clinical outcomes of ART [7,28,32,38,39].
Two reported toxicity and QoL data only while three also
included disease- and survival specific data. Schwartz et al. [32]
found a high disease control rate in patients treated with ART
with a LC of 100% and a RC of 95% two years post treatment.

Yang et al. [7] found a LRC of 97.2% two years post treatment
in patients receiving ART which was significant better compared
to patients treated with non-ART who had a two year LRC of
92.4%. However, the two-year OS was not significantly different
in patients receiving ART compared to non-ART. Maheshwari et
al. [28] found a LRC of 96.7% six months post treatment in
patients receiving ART and in 90% of patients treated with non-
ART (significance not reported) but did not report survival.

Two studies reported the rate of xerostomia, both studies
using the NCI Common Terminology Criteria for Adverse Events
(CTCAE). Maheshwari et al. [28] found a distribution of 6.6%
grade |, 63.7% grade Il and 30% grade lll in patients treated
with ART assessed 6 months after end of treatment. In patients
receiving non-ART the corresponding results were 3.3% grade |,
46.7% grade Il and 50% grade Il 6 months after end of treat-
ment. Schwartz et al. [32] found 41% grade | xerostomia, 55%
grade Il and 5% grade Ill up to 90days after end of treatment in
patients treated with ART. In the same group of patients the
rate of mucositis and dermatitis up to 90days after end of
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Figure 4. Reduction in mean dose to parotid glands by publication year. Circles represent significant results and triangles represent non-significant results of the
reduction in mean dose with ART vs. non-ART. The squares represent the reduction in mean dose found in the PARSPORT trial with parotid sparring IMRT vs. 3D-RT.

treatment was 100% for grade Ill mucositis and 45% and 55%
for grade | and Il dermatitis respectively. Bahl et al. [38] found
an acute toxicity risk of 60% for grade II-IV mucositis, 25% grade
Il dermatitis and 40% grade Il dysphagia. In two studies with a
comparative group QoL measures were used. Chatterjee et al.
[39] observed a reduced QoL in patients treated with ART
including problems with xerostomia, oral health and speech
three months after end of treatment compared to patients
receiving non-ART. The difference between the two groups was
not persistent nine months after end of treatment. In a cohort
of 129 patients with NPC Yang et al. [7] found ART to improve
global QoL significantly compared to patients receiving non-ART.

Median follow-up time was only reported in three studies
and were 18, 30 and 31 months.

Discussion

Existing prospective clinical data of ART for HNC are limited
and characterized by small patient series without adequate

comparative groups. Despite this, there seem to be a dosi-
metric benefit to normal tissues which should be expected
as the dose plan is reoptimized to a new target and OAR
delineation. However, if the magnitude of benefit is sufficient
to outweigh the uncertainties and render a clinically relevant
benefit on toxicity and disease control remains unproven.

Of the 15 studies included in this review only five studies
included some form of toxicity or QoL assessment, and in
the three studies including a comparative non-ART group,
results were ambiguous. Studies without comparative groups
are even more difficult to evaluate, but do not point toward
a clear benefit. For example, in a study of 20 patients with
NPC undergoing ART Bahl et al. [38] reported acute grade Il
dermatitis in 25%, grade IlI-IV mucositis in 60% and grade ||
dysphagia in 40% of patients. This is higher than reported in
earlier non-ART studies, for example [40].

One of the reasons convincing toxicity data are not yet
available may be because the dose reductions associated
with ART are modest. Most studies report reductions in par-
otid mean dose below 5Gy, even with several adaptions.
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Moreover, there seems to be no sign of increased benefit
over the past decade (see Figure 4). Yet delivered dose to the
parotid glands may be significantly higher than the planned
dose [41], which means that the actual benefit may be larger
than depicted in Figure 4. Under all circumstances, the clinical
outcome is highly dependent on where on the dose-complica-
tion curve the reduction takes place, as a 3Gy reduction in
mean dose to the parotids from 26->23Gy or from 12->9 Gy,
will result in different risk reductions. However, it is sobering to
compare with the documented benefit of IMRT in reducing
xerostomia established in the PARSPORT study [42] as this posi-
tive trial was mediated by a mean dose reduction of 13.4Gy
and 35.6Gy to the ipsilateral and contralateral parotid glands
compared to 3D-RT. It is therefore not surprising that the
French ARTIX study, which was presented at the 2022 ESTRO
meeting, randomizing 132 HNC patients to standard chemo-RT
or chemo-RT with weekly ART, failed to show a significant bene-
fit on salivary flow or patient-reported outcomes [43]. A further
reduction in toxicity could be obtained by margin reduction, a
concept only explored by two of the included studies [32,33].
Experimental data suggest a general benefit on organ-at-risk
exposure by an average 1Gy/mm, but at the expense of target
underdosage > 2Gy in 32% of patients [21]. However, this tar-
get underdosage could be mitigated in most patients by adap-
tive intervention. More studies investigating ART with margin
reductions would therefore be of high relevance.

While the main focus of ART in HNC have been on reduc-
ing toxicity, ART may also impact disease control. Due to
changes in anatomy over the course of treatment the target
area may develop dose inhomogeneities with unintended
‘cold spots’, which could be associated with a decrease in
local control. Underdosage to the target area is especially
important in head-neck cancer as most recurrences after RT
occur in the target area [17,18,44]. If ART could mitigate
these inhomogeneities by eliminating ‘cold spots’ with fre-
quent adaptions it holds the potential for improved disease
control. It is therefore an interesting outcome in studies of
ART. In this review, only three of the included studies report
disease control, all achieving a 95% or higher loco-regional
control at two years post-treatment. In the few prospective
studies planned with a comparative group, results have
pointed toward improved disease control. Maheshwari et al.
[28] reported 96.7% complete response rate six months post-
treatment with ART compared to 90% with non-ART in a
small randomized study of 60 HNC patients. In patients with
NPC, Yang et al. [7] compared disease control in ART and
non-ART using a cohort of 129 patients. They found a signifi-
cant increase in two-year LRC from 92.4% to 97.2% with 1-2
replans during treatment, but with no influence on OS.
Using ART in OPSCC exclusively have also generated an
impressive disease control [32], but results are not far from
what is obtained by conventional non-ART in p16-positive
OPSCC, exemplified by a cohort of 150 OPSCC patients
treated in Denmark with a two-year LRC rate of ~95% in
p16-positive [45]. A challenge in ART is the definition of GTV
during treatment as the tumor is not likely to shrink equally
in all directions. In the three studies reporting disease control
one did not change the GTV in the replanning. The two

others recontoured target volumes but did not specify how
the GTV was recontoured.

Retrospective data on ART are at risk of being biased. In a
case-control study in NPC patients, Zhao et al. [46] found
ART to improve three-year local relapse-free survival in
patients with large tumors (T3-4). However, the main reason
for replanning in the ART group was tumor and/or nodal
shrinkage, and it is therefore likely that receiving ART was
also a proxy measure of response. This underlines the impor-
tance of prospective trials with a clear ART strategy and a
relevant comparison.

Giving the modest benefit so far associated with ART, the
resources used needs to be weighed carefully and a scientific
approach to implementation is warranted. Offline adaption
requires a new planning scan or generation of a synthetic CT
from the Cone beam computed tomography (CBCT), fol-
lowed by recontouring and generation of a new treatment
plan. In case of online ART, the prolonged time on the couch
puts high demands on the patient, which may be increas-
ingly difficult as the acute toxicities develop during the
course of treatment. In both online and offline ART reports
on time spent on adaption is therefore central. However,
only five out of fourteen studies included any time measures,
and with no consistency on reported timeframes. Three stud-
ies reported time from rescan to delivery of first adapted
plan. In two studies [32,37] it was reported as a ‘median of
two days’ or ‘a few workdays’, and in another based on fixed
intervals with ‘rescan at 17'th fraction and ART delivery from
21'st fraction’ [36]. The only study providing precise time
estimates was Chatterjee et al. [39], where the replanning
process was divided into ‘time spent on contouring’ and
‘time spent on replanning’. On average more than four hours
were spend each on contouring and replanning, underlining
the significant resources used for ART. While all the above
time measures are relevant, the lack of reporting consensus
makes it challenging to assess the resources used for ART.
But an interesting development is the possibility of daily,
online ART, aided by artificial intelligence. Results from blad-
der cancer have proved the feasibility [47], and an auto-
mated process may also save resources and justify the
potentially modest benefit in head and neck cancer.

A general challenge in interpreting studies on ART, is the
inconsistent terminology and lack of nomenclature. E.g.,
Anatomy-adapted, response-adapted, biology-adapted are all
concepts that are used indiscriminately. Also, there is no con-
sensus on the replanning strategy as decision of adaption
can be based on e.g. one or multiple complete rescans, a
hybridplan or CBCT deformation. A possible way forward
would be the endorsement of a common terminology, for
example as suggested by Heukelom et al. [48].

In conclusion, ART holds a clear potential to reduce dose
to normal tissue and maybe increase disease control.
However, the benefits are modest and require well-designed
studies with a relevant comparison.
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