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A B S T R A C T

Purpose: To report on quality assurance (QA) and protocol adherence (PA) in a multicentre phase III trial for head 
and neck cancer, evaluate patterns of protocol deviations and investigate the effect of PA on study outcomes.
Methods: All 221 patients from the ARTFORCE trial (NCT01504815) were included in this study. Pre- and per- 
treatment QA measures included protocol guidelines, a dummy run, early case reviews and trial meetings. 
FDG-PET-guided dose painting and scheduled adaptive radiotherapy were reviewed in patients in the experi
mental arm (eRT). Patient and disease characteristics, as well as institutes’ accrual rate and timing were 
examined for correlation with PA. Cox regression was used to determine the impact of PA on outcome.
Results: The dummy run was completed in all nine institutes and early case reviews were completed in five out of 
nine institutes that contributed 190 out of 221 patients. Among all patients randomized to eRT, 64 % had at least 
one deviation of the experimental trial components. Protocol deviations were significantly correlated with the 
institute patients were treated at (Cramer’sV 0.34–0.48). Despite early identification of institute-specific de
viations in QA, these continued during the trial. No significant associations were seen between deviations and 
accrual timing or rate (P ≥ 0.26). Within eRT, no significant relation was observed between experimental PA and 
locoregional control (LRC), the primary endpoint of the trial (P≥.15).
Conclusions: Despite QA, protocol deviations persisted during the trial, which were mostly institute-specific. 
However, deviations of the experimental treatment strategy did not significantly impact LRC and therefore 
the trial conclusion.
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Introduction

Randomized controlled trials (RCTs) form a cornerstone in clinical 
research when investigating novel therapeutic strategies, because these 
are less susceptible to known and unknown bias than any other study 
designs. Potential bias, such as treatment adherence, is assumed to be 
similar between trial arms in RCTs, therefore washing out its absolute 
impact on comparative study outcomes. In radiotherapy trials, however, 
novel complex technologies are compared to technologies which are 
more routinely used in clinical practice. And despite careful design, 
major protocol deviations occur in 11–48 % of study participants, 
potentially causing bias and altering study results [1]. Planning quality 
and adherence to dose prescription have shown to significantly impact 
treatment efficacy [2]. Nevertheless, only half of RCTs in radiotherapy 
perform any pre-treatment quality assurance (QA), independent of 
technical complexity [3]. Studies evaluating protocol adherence within 
clinical trials treating head and neck cancer patients with definitive 
chemoradiation found that protocol deviations were not only associated 
with patient’s outcome, but could also possibly mask a clinical benefit of 
the experimental treatment [4,5]. Considering the clinical impact of 
protocol adherence and the novelty of the technologies tested in 
radiotherapy RCTs, assuming comparable bias between trial arms in 
radiotherapy RCT studies might not be reasonable.

In the ARTFORCE RCT (NCT01504815) comparing conventional 
radiotherapy to a novel dose painting strategy with treatment adapta
tion, there are several factors that could contribute to a higher rate of 
protocol deviations in the experimental arm. Firstly, being at the fore
front in biology-driven and adaptive radiotherapy, the experimental 
treatment strategy relied on novel planning strategies and additional 
labour efforts by including co-registration of FDG-PET/CT to planning 
CT for target volume delineation and demanding adaptation in the 
second week of treatment. Also, the trial took place across various in
stitutes in Europe with different workflows, treatment planning systems 
and planning habits, which might have caused a heterogeneity in 
treatment given. Lastly, the unplanned extended accrual period from 3 
to 7 years caused by slow accrual could have further compromised 
protocol adherence, especially in the more complex experimental arm.

Although QA has been incorporated in routine clinical practice to 
ensure treatment safety and effectiveness, QA procedures differ greatly 
in trial setting. To minimize heterogeneity within QA procedures and 
improve protocol adherence within trials, harmonized pre- and post
treatment QA procedures were defined by The Global Clinical Trial 
RTQA Harmonization Group [6]. These procedures include facility 
credentialing, technical audit, delineation exercise, dummy run, dosi
metric evaluation, virtual phantom, case reviews and institutional visits 
[6]. Many of these harmonized QA procedures were utilized in our trial, 
but it remains uncertain if it has improved protocol compliance 
compared to historic protocol adherence rates. This paper will therefore 
report on utilized QA strategies and protocol adherence within the trial 
and identify contributing factors that may have led to protocol de
viations, such as the extended accrual period. Lastly, the clinical impact 
of protocol deviations will be investigated.

Materials and methods

Study population and treatment protocol

A detailed description of the treatment protocol, patient character
istics and the primary outcome results were recently described by De 
Leeuw et al.[7] Between 2012 and 2019, 221 eligible patients were 
accrued at nine institutes in France, the Netherlands, Spain, Sweden and 
the United Kingdom. Patients eligible for registration had stage III-IV, 
T3-4, N0-1, M0 (6th edition AJCC) HNSCC in the oral cavity, 
oropharynx or hypopharynx and were randomized (1:1) to receive 
either conventional radiotherapy (cRT, n = 112) or the experimental 
adaptive and FDG-PET-guided dose painting (eRT, n = 109), delivered 

in 35 fractions over a course of seven weeks. Systemic treatment for both 
arms consisted of three-cycle high-dose cisplatin (100 mg/m2).

Imaging and planning protocol

FDG-PET scans were scheduled within two weeks prior to treatment 
initiation and at the end of the second week of treatment for all patients 
independently of treatment arm. The pre-treatment FDG-PET imaging 
could be used clinically to guide delineation of tumor and pathological 
lymph nodes as is common clinical practice. In eRT, the pre-treatment 
FDG-PET scan was further used to guide dose painting. Replanning 
was performed using a planning CT scan, adjusting for clear anatomical 
changes using distinct landmarks, including vessels, bones and air. 
Although an FDG-PET scan was made at replanning as well, target vol
umes were not supposed to be adjusted for changes in metabolic activity. 
Gross target volumes of the primary tumor (GTVp) and metabolic sub
volume (GTVp-PET) and corresponding planning target volumes (PTVp, 
PTVp-PET) of the initial plan were therefore rigidly propagated to the 
per-treatment planning CT scan and used for replanning. Although 
replanning was scheduled for the third week of treatment (fx 11–15), 
replaning performed in the third or fourth week (fx 11–20) of treatment 
and used for more than one fractions were considered scheduled 
replanning. Additional ad hoc replanning due to anatomical changes 
was allowed. In the cRT arm, the PTVp received a conventional homo
geneous dose distribution and no replanning was scheduled.

Quality assurance measures

QA measures were introduced on multiple levels to improve uni
formity, protocol adherence and timely detect relevant unforeseen 
variances between participating centers. First of all, in the protocol, 
several guidelines were stated to improve uniformity between institutes. 
FDG-PET systems had to be EANM compliant and pre-treatment FDG- 
PET scans were supposed to be less than two weeks old before the start of 
treatment. An extensive delineation protocol was described since no 
international delineation guidelines for organs at risk (OAR) were 
available at trial initiation. Planning guidelines, dose constraints and 
treatment course were standardized across institutes through detailed 
protocol descriptions. To maintain a treatment course of 47–49 days, it 
was advised to compensate fractions with a minimum of 6 h between 
fractions. As a next step, before the start of accrual, a dummy run using 
one FDG-PET/CT and planning CT was performed at the participating 
centers and evaluated by the principle investigator (PI), a radiation 
oncologist, and a colleague physicist to examine adherence to delinea
tion protocols, evaluate co-registration of FDG-PET/CT with the plan
ning CT and evaluate FDG-PET guided dose planning quality by means 
of dosimetry (Supplement 1). Furthermore, after treatment of the first 
three patients, an on-site early case review was organized to evaluate 
protocol adherence and data collection (Supplement 2). These reviews 
were also performed at the center of the PI with involvement of other 
participating centers. The review of patients treated at the PI’s institute 
was performed by two other participating centers. Additional central 
monitoring of all patient data and serious adverse events was performed 
by an independent data center to ensure accurate data collection, log 
protocol deviations with their justifications and monitor trial safety. 
Lastly, regular physical and teleconference meetings with the principal 
investigators were conducted during the trial to evaluate study accrual 
progress and discuss uniformity.

Evaluated measures

In this study we evaluated if all institutes participated in the dummy 
run and early case review of the first three patients, as well as the results 
of these actions. Furthermore, a selection of the scored items in the case 
report forms were used to retrospectively score protocol adherence in 
the total cohort. Additionally, protocol adherence at replanning was 
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retrospectively evaluated for patients randomized to the experimental 
arm. All evaluated measures are listed in Table 1.

Statistical analysis

Protocol deviations conceivable in both arms were compared within 
arms using chi-square tests. To explore contributing factors to protocol 
deviations, Cramer’s V correlation coefficients were calculated for de
viations, treating center and disease characteristics. Statistical signifi
cance of these correlations were evaluated using chi-square tests. The 
relationship between protocol deviations and patients’ outcome were 
evaluated using univariable Cox regression models. These outcome 
measures consisted of the trial’s primary (locoregional control) and 
secondary endpoints (progression-free and overall survival). Lastly, 
frequency of deviations across participating centers and throughout the 
accrual period were explored using Pearsons correlation and linear 
models to evaluate the influence of accrual rate and passage of time on 
protocol adherence. No multiple testing correction was performed due 
to the exploratory nature of this study and the primary objective to 
identify protocol deviations potentially affecting study outcomes and 
needing further investigation.

Results

Six institutes were involved at trial initiation. Throughout the study 
period, three additional European institutes participated in the trial, 
resulting in a total of nine participating institutes. The dummy run was 
successfully completed in all nine institutes. The observed deviations 
primarily concerned delineations of OAR and the anatomical correction 
of clinical target volumes.

Early case reviews of the first three patients were performed in the 
first five institutes that started patient accrual, these institutes contrib
uted 190 out of 221 patients. In these early case reviews, protocol de
viations in at least one of the three evaluated patients were observed at 
three institutes, which were discussed as feedback (Fig. 1A). Pre- 
treatment FDG-PET was outdated in two institutes, prolonged treat
ment course was observed in two institutes, late scheduled replanning 
was observed in two institutes and the non-rigid adaptation of GTVp- 
PET based on per-treatment FDG-PET was observed in one institute.

Protocol deviations are stated in Table 2. Evaluated measures for 
which the treatment arms can be compared showed equal deviations 
across arms. Renal and hematological toxicities were most common 
causes for incomplete systemic treatment (Supplement 3). In total, 12 % 
of patients experienced prolonged treatment course with a median delay 
of two days (min–max;1–8). In only 30 % of these early cases a specific 
reason for delay was reported; 15 % due to adverse events and 15 % for 
logistical or technical reasons.

Protocol prescribed that replanning should have been scheduled 
within fraction 11–15 for patients allocated to the eRT arm, but it was 

performed beyond this timeframe in 26 % of the eRT arm (Fig. 1C). 
Additional ad hoc replanning was performed in 17 % of patients in the 
eRT arm (Fig. 2). In the cRT arm, ad hoc replanning was performed in 
36 % of patients. 5 % of patients in the cRT had more than one ad hoc 
adaptations.

The retrospective replanning review included 86 of 98 (88 %) pa
tients with scheduled replanning and for whom planning DICOM files 
were available for evaluation. In total, 27 % of patients in the eRT arm 
had non-compliant adaptation of the target volumes. Non-adherent 
adaptation of GTVp was observed in 17 % of patients, while non- 
adherent GTVp-PET adaptations were observed in 15 % of patients. 6 
% of the eRT arm had their GTVp-PET clearly biologically adapted to a 
per-treatment FDG-PET/CT scan.

Correlation maps between disease characteristics and protocol 
adherence revealed significant, although limited, correlation between 
premature end of radiotherapy (<35 fractions) and disease site (0.24, P 
≤ 0.01) and between N-stage and timing of scheduled adaptation (0.17, 
P = 0.04). All other significant correlations were found involving study 
institute (Fig. 3), meaning that deviations rates significantly varied 
within institutes. The most common protocol deviation within institutes 
was an incomplete systemic treatment with an average of 47 % among 
all patients, but the range within institutes varied between 25–100 %. 
Among the experimental protocol items, non-compliant adaptation of 
target volumes was the most common deviation (27 % total cohort, 
range 0–36 %). From all three institutions that were found to have 
deviated from protocol during the early case reviews of the first three 
patients, all continued to deviate from the same items throughout the 
trial period (Fig. 1).

Overall, 64 % of patients in the eRT arm had at least one deviation 
from the experimental elements of the protocol. The number of de
viations did not significantly change with year of accrual (Pearson 
correlation 0.18, P = 0.70) or with institutes’ accrual rate (0.32, P =
0.26).

None of the protocol items were significantly correlated to all three 
outcome variables (Table 3). Administering ≤ 1 of the intended cisplatin 
course (hazard ratio (HR) 2.66, 95 % confidence interval (CI) 
(1.01–7.00), p = 0.05) and prolonged treatment duration (HR 2.39, 95 
%CI 1.25–4.58, P ≤ 0.01) were deviations that were associated with 
inferior locoregional control. Prolonged treatment duration was also 
significantly associated with poor progression-free survival (PFS). PFS 
(2.01 ,1.07–3.77, P = 0.03) and overall survival (OS, 2.28, 1.14–4.54, P 
= 0.02) were significantly inferior for patients with late scheduled 
replanning. Lastly, having an FDG-PET/CT scan made ≥ 2 weeks prior to 
treatment was significantly correlated with poor OS (2.14, 1.08–4.23, P 
= 0.03).

Discussion

In a randomized phase III trial exploring FDG-PET-guided dose 
painting and scheduled replanning, this study reported on quality 
assurance (QA) measures and protocol adherence (PA). This study 
further investigated factors contributing to protocol deviations and the 
potential impact of these on study outcomes. We observed that the 
chance of having a deviation was primarily determined by the institute 
patients were treated at. We further observed that institute-specific 
variation in PA could in part already be detected in early case reviews 
and these deviations mostly persisted during treatment. The portion of 
patients within the experimental arm with protocol deviations of any of 
the experimental component therefore remained high (64 %). However, 
none of the experimental protocol deviations significantly influenced 
the primary endpoint, locoregional control. Out of the secondary out
comes, late scheduled replanning after the third week of treatment was 
associated with inferior progression-free and overall survival compared 
to scheduled replanning. Also, a delay of more than two weeks between 
the FDG-PET/CT scan acquisition and the start of treatment resulted in 
significantly poorer OS.

Table 1 
Protocol adherence measures.

Dummy run performed Per institute

Early case review first three included patients performed Per institute
FDG-PET pre-treatment ≤ 2 weeks old Both arms
Treatment time of < 50 days for conventional and < 43 days for 

accelerated radiotherapy *
Both arms

Received 35 fractions Both arms
Complete systemic treatment Both arms
Scheduled replanning performed Experimental 

arm
Scheduled replanning performed in time (week 3, fraction 

11–15)
Experimental 
arm

Target volumes at replanning were only adapted for clear 
boundaries i.e. in air, vessels or bone.

Experimental 
arm

* In the early phase of the trial, patients received six fractions (accelerated) 
instead of five fractions per week (conventional).
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Previous studies investigating PA in radiotherapy trials treating head 
and neck cancer patients found that deviations have the potential to 
compromise the results of a clinical trial [4,5]. Similar to our findings, 
incomplete chemotherapy treatment[8] and prolongued treatment 
duration[9,10] were associated with poorer tumor control and survival. 
For the latter, the repopulation effect has been considered as a possible 
underlying mechanism. However, adverse events or poor patient con
dition could potentially be a confounder as they may both lead to 
treatment delay and also impact patient’s outcome. In this study, in a 
minority of cases with prolongued treatment a clear reason for delay was 
reported, of which half for technical or logistic reasons. Although the 
confounding effect of adverse events or patients’ condition remains 

uncertain, these findings suggest that the repopulation effect might have 
contributed to the found association between prolongued treatment and 
clinical outcome. These results therefore stress the importance of 
compensating missed treatment days.

Other notable findings in this study were that late scheduled 
replanning and an extended period between pre-treatment FDG-PET/CT 
scan and treatment initiation were associated with inferior PFS and OS. 
These associations are most likely a result of patient selection. The delay 
in treatment initiation after FDG-PET/CT or in scheduled replanning 
might have been a consequence of more complex anatomy and/or tumor 
changes requiring additional examination that depreciate outcome, such 
as weight loss[11,12] or tumor progression. Another possible explana
tion for the inferior outcomes in patients with an increased period be
tween FDG-PET/CT and treatment is understaging and consequent 
undertreatment of patients, leading to inferior disease response and 
outcome.

In general, QA remains poorly addressed in radiotherapy trials and 
high levels of protocol deviations are observed [1,2,13,14]. The strategy 
of combining dummy runs with prospective case reviews has shown to 
improve patient’ outcome cost-effectively [15]. Although both dummy 
runs and case reviews were utilized in the present study, high levels of 
protocol deviations were observed with a majority of patients in this 
trial having at least one protocol deviation. A factor contributing to 
these protocol deviations may be challenges in implementing novel 
radiotherapeutic techniques[16], but also the high additional burden on 
staff caused by replanning [17]. Peters[4] and Zhong et al.[5] observed 
that deviations were more common in institutes with low patient accrual 
rates, presumably due to less experience with the experimental protocol. 
Contrary to these findings, we did not find a significant correlation be
tween accrual rate and protocol deviations. Nevertheless, we did iden
tify a noteworthy pattern of recurring institute-specific deviations 

Fig. 1. A. Deviations (dark blue) that were observed in at least 1 patient at the quality assurance (QA) evaluations of the first three patients. This QA was not 
performed at institute 6 until 9. B. Frequency of protocol deviations (illustrated with a color gradient) across institutes within the total cohort. C. Frequency of 
protocol deviations across institutes within the experimental arm. No patients were allocated to the experimental arm at institute 9, which is why these cells are 
missing. Portion of deviations within the experimental elements (*) included outdated pretreatment FDG-PET, late or no scheduled replanning and non-compliant 
adaptation of target volumes. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 2 
Protocol deviations according to trial arm. eRT; experimental trial arm, cRT; 
conventional trial arm.

eRT (N 
= 109)

cRT (N 
= 112)

Chi square 
P-value

FDG-PET pre-treatment > 2 weeks old 25 (25 
%)

31 (28 
%)

0.62

Prolonged treatment time of ≥ 50 days for 
conventional and ≥ 43 days for accelerated 
radiotherapy

10 (9 %) 17 (15 
%)

0.40

Received < 35 fractions 2 (2 %) 2 (2 %) 0.98
Incomplete systemic treatment ​ ​ ​
• 2 out of 3 doses 48 (44 

%)
47 (42 
%)

0.67

• ≤1 out of 3 doses 4 (4 %) 7 (6 %) ​
No scheduled replanning 8 (7 %) n/a n/a
Late scheduled replanning (after week 3, 
fraction > 15)

28 (26 
%)

n/a n/a

Non-compliant adaptation of target 
volumes

29 (27 
%)

n/a n/a
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already being apparent in early QA. Therefore, we believe that QA could 
have been leveraged by conducting follow-up on these early deviations 
within the institutes.

We also found that institutes differed in their approach to account for 
the changing anatomy during treatment, as deformable or FDG-PET- 
driven approaches were considered protocol deviations in this study. 
The variation of target volume delineation and an absence of clear dis
ease borders allowing for individualized localization of disease during 
treatment and consequent adjustments of the target volumes are unre
solved issues in the adaptive radiotherapy field [18–20]. Currently, most 
QA concern a dosimetric assessment of established delineations as there 
is much less consensus on target volume delineation, let alone to what 

extent they should be adapted to changing anatomy and biology during 
treatment. Given the variation of additional or unplanned adaptations 
between institutes and its impact on patient outcome, it is crucial for 
future studies in radiotherapy to establish consensus on how treatment 
adaptation should be managed and report on variations.

A notable limitation of this study is that in four out of nine institutes 
the early case review was omitted, which can partly be explained by the 
slow and low accrual rate in these institutes. We expect this to have a 
minimal effect on the trial results as the large majority (86 %) of patients 
were treated at the institutes that did perform early case reviews. 
Another limitation of this study was the exclusive collection of digital 
imaging and planning data, and the absence of planned dose data 
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Fig. 2. Replanning frequency across trial arm (A) and replanning timing (B). In the conventional radiotherapy arm (green) only ad hoc replanning was performed. In 
the adaptive radiotherapy arm, treatment adaptation was scheduled during the third week (within fraction 10–15) of treatment, but additional ad hoc replanning was 
allowed. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 3. Cramer’s V correlation matrix of disease characteristics and institute (x-axis) and protocol adherence items (y-axis). Gradient color as well as the values 
within the cells indicate the correlation coefficient of significant correlations. A value close to 1 indicates a correlation and a value closer to 0 indicates no correlation. 
The correlations of grey cells were insignificant (Chi-square test).
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calculated on an institutional level. This resulted in dose prescription 
and dose-volume calculation differences across planning systems and 
institutes, hampering our ability to strictly evaluate dosimetric PA 
[11,21,22]. Additionally, this trial encountered challenges implement
ing an imaging acquisition system, which lead to delayed data collection 
causing missing imaging data. Future trials should aim to overcome 
these challenges by prospective collection of digital imaging and plan
ning data, as well as planning data as calculated by institutes. It should 
be noted, however, that this trial was initiated in 2012 and suffered from 
limited data collection possibilities.

The observed institute-specific variation in PA necessitate more 
active and continuous QA to avoid unreliable data. However, additional 
QA in trials can be costly and increase workload, especially when these 
lead to interventions in the workflow [15]. Directing QA frequency or 
focus based on early QA results could help manage workload and costs. 
While this strain on resources may have limited the level of QA in pre
vious trials, innovations in automating QA procedures has opened op
portunities to improve QA efficiency. Ideally, with automated and 
accelerated QA processes, QA should be performed before clinical use 
for all patients in technical challenging trials to prevent protocol vio
lations [23]. Anticipating on deviations, determining their impact on 
study results, and predefining criteria will, in that case, become of 
increasing importance. In addition to the existing predefined dose pa
rameters and advancements in adaptive radiotherapy, future trials 
should establish a consensus on treatment adaptation with their 
participating institutes. Acknowledging and describing treatment vari
ation caused by protocol deviations or institutional differences and 
evaluating their impact on outcome can guide future investigators in 
establishing evidence based criteria for trial protocols.

In conclusion, protocol deviations persisted during the trial despite 
being evident in early QA and seemed mostly correlated with the 
institute patients were treated at, highlighting the need for more guid
ance and directed QA. Within the ARTFORCE trial specifically, the 
impact of protocol deviations on trial results are expectedly limited 
considering the absence of a significant relation between experimental 
protocol deviations and locoregional control.
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