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Definition of compliance

§ In Physics: a coefficient expressing the responsiveness of a mechanical system to a periodic force

§ The act or process of doing what you have been asked or ordered to do

§ Adhering to a rule, such as a policy, standard, specification, or law.

§ The act of conforming, acquiescing, or yielding

§ The ability to meet halfway

Obedience Conformity Accordance Cooperation ……………..
Dictionary. com



Metrics for Compliance

TIME 
Days of interruptions
Treatments delays
Overall treatment time

In Radiation TreatmentIn Oncological Treatment

ADHERENCE to treatment 
RT dose
n° of CT cycles
CT dose reduction
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Background: Concurrent chemoradiation is standard-of-care for patients with squamous cell carcinoma of the anus.
Poor compliance to chemotherapy, radiotherapy treatment interruptions and unplanned breaks may impact
adversely on long-term outcomes.
Methods: The ACT II trial recruited 940 patients with localised squamous cell carcinoma of the anus, and assigned
patients to mitomycin (week 1) or cisplatin (weeks 1 and 5), with fluorouracil (weeks 1 and 5) and radiotherapy
(50.4 Gy in 28 fractions over 38 days). This post hoc analysis examined the association between baseline factors
(age, gender, site, T stage and N stage), and compliance to treatment (radiotherapy and chemotherapy), and their
effects on locoregional failure-free survival, progression-free survival (PFS) and overall survival (OS). Compliance was
categorised into groups. Radiotherapy: six groups according to total dose and overall treatment time (OTT).
Chemotherapy: three groups (A ¼ per-protocol; B ¼ dose reduction or delay; C ¼ omitted).
Results: A total of 931/940 patients were assessable for radiotherapy and 936 for chemotherapy compliance. Baseline
glomerular filtration rate <60 ml/min and cisplatin were significantly associated with poor week 5 compliance to
chemotherapy (P ¼ 0.003 and 0.02, respectively). Omission of week 5 chemotherapy was associated with
significantly worse locoregional failure-free survival [hazard ratio (HR) 2.53 (1.33e4.82) P ¼ 0.005]. Dose
reductions/delays or omission of week 5 chemotherapy were associated with significantly worse PFS {HR: 1.56 [95%
confidence interval (CI): 1.18e2.06], P ¼ 0.002 and HR: 2.39 (95% CI: 1.44e3.98), P ¼ 0.001, respectively} and OS
[HR: 1.92 (95% CI: 1.41e2.63), P < 0.001 and HR: 2.88 (95% CI: 1.63e5.08), P < 0.001, respectively]. Receiving the
target radiotherapy dose in >42 days is associated with worse PFS and OS [HR: 1.72 (95% CI: 1.17e2.54), P ¼0.006].
Conclusion: Poor compliance to chemotherapy and radiotherapy were associated with worse locoregional failure-free
survival, PFS and OS. Treatment interruptions should be minimised, and OTT and total dose maintained.
Clinical trial number: ISRCTN 26715889.
Key words: squamous cell carcinoma of the anus, chemotherapy, radiotherapy, chemoradiation, combined modality,
compliance

INTRODUCTION

Standard treatment of localised squamous cell carcinoma of
the anus (SCCA) is chemoradiation using concurrent

fluorouracil and mitomycin C.1,2 This combination has been
tested in randomised trials3e7 and results in good outcomes
for cT1/T2 cancers,7 but less so for cT3/T4 cancers.7,8

Locoregional failure is the predominant pattern of
relapse,7,9 potentially influenced by innate chemo/radio-
resistance, subtherapeutic radiotherapy total dose (TD)
delivered and poor chemotherapy compliance.

Early phase III trials in SCCA planned breaks in treatment
of 6e8 weeks to manage acute treatment-related toxic-
ities.3,4 Evidence for the importance of overall treatment
time (OTT) exists in squamous carcinomas of the head and
neck.10,11 Evidence in SCCA is inconsistent, but strict

*Correspondence to: Dr Robert Glynne-Jones, Mount Vernon Cancer Centre,
Mount Vernon Hospital, Rickmansworth Rd, Northwood, HA6 2RN, UK.
Tel: þ44-203-826-2434
E-mail: rob.glynnejones@nhs.net (R. Glynne-Jones).

5Preliminary results of this study were presented at the American Society of
Clinical Oncology meeting in 2015.
0923-7534/© 2020 European Society for Medical Oncology. Published by

Elsevier Ltd. All rights reserved.

1376 https://doi.org/10.1016/j.annonc.2020.06.012 Volume 31 - Issue 10 - 2020

anal CANCER

P = 0.02

0

25

50

75

100

Lo
co

-r
eg

io
na

l f
ai

lu
re

 fr
ee

 (
%

)

Number at risk

Week 5 chemo as
per protocol

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

737 621 563 470 375 262 171 104 50 12 1

Week 5 chemo with delays,
dose reductions or both

164 127 110 97 75 51 30 21 9 1 0

Week 5 chemo omitted 32 21 16 12 8 8 7 6 2 1 0

Number at risk

Week 5 chemo as
per protocol

736 620 563 470 375 262 171 104 50 12 1

Week 5 chemo with delays,
dose reductions or both

164 127 110 97 75 51 30 21 9 1 0

Week 5 chemo omitted 32 21 16 12 8 8 7 6 2 1 0

Number at risk

Week 5 chemo as
per protocol

737 695 640 538 427 300 188 114 53 13 2

Week 5 chemo with delays,
dose reductions or both

164 150 131 113 85 56 33 23 11 1 0

Week 5 chemo omitted 32 24 19 14 11 10 8 7 2 1 0

A

P = 0.0003

0

25

50

75

100

P
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
 (

%
)

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

B

P < 0.0001

0

25

50

75

100

A
liv

e 
(%

)

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

C

Week 5 chemo with delays, dose reductions or both
Week 5 chemo as per protocol

Week 5 chemo omitted

Week 5 chemo with delays, dose reductions or both
Week 5 chemo as per protocol

Week 5 chemo omitted

Week 5 chemo with delays, dose reductions or both
Week 5 chemo as per protocol

Week 5 chemo omitted

Annals of Oncology R. Glynne-Jones et al.

1382 https://doi.org/10.1016/j.annonc.2020.06.012 Volume 31 - Issue 10 - 2020

P = 0.02

0

25

50

75

100

Lo
co

-r
eg

io
na

l f
ai

lu
re

 fr
ee

 (
%

)

Number at risk

Week 5 chemo as
per protocol

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

737 621 563 470 375 262 171 104 50 12 1

Week 5 chemo with delays,
dose reductions or both

164 127 110 97 75 51 30 21 9 1 0

Week 5 chemo omitted 32 21 16 12 8 8 7 6 2 1 0

Number at risk

Week 5 chemo as
per protocol

736 620 563 470 375 262 171 104 50 12 1

Week 5 chemo with delays,
dose reductions or both

164 127 110 97 75 51 30 21 9 1 0

Week 5 chemo omitted 32 21 16 12 8 8 7 6 2 1 0

Number at risk

Week 5 chemo as
per protocol

737 695 640 538 427 300 188 114 53 13 2

Week 5 chemo with delays,
dose reductions or both

164 150 131 113 85 56 33 23 11 1 0

Week 5 chemo omitted 32 24 19 14 11 10 8 7 2 1 0

A

P = 0.0003

0

25

50

75

100

P
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
 (

%
)

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

B

P < 0.0001

0

25

50

75

100

A
liv

e 
(%

)

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

C

Week 5 chemo with delays, dose reductions or both
Week 5 chemo as per protocol

Week 5 chemo omitted

Week 5 chemo with delays, dose reductions or both
Week 5 chemo as per protocol

Week 5 chemo omitted

Week 5 chemo with delays, dose reductions or both
Week 5 chemo as per protocol

Week 5 chemo omitted

Annals of Oncology R. Glynne-Jones et al.

1382 https://doi.org/10.1016/j.annonc.2020.06.012 Volume 31 - Issue 10 - 2020

In Oncological Treatment



HR: 1.54 (95%CI: 0.98–2.43), P = 0.06

0

25

50

75

100

Lo
co

 r
eg

io
na

l f
ai

lu
re

 fr
ee

 (
%

)

Number at risk
50.40 Gy, 38–42 days

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

756 640 580 492 386 261 173 108 46 9 1

50.40 Gy, >42 days 94 68 59 52 45 38 24 16 10 2 0

50.40 Gy, 38–42 days 756 639 580 492 386 261 173 108 46 9 1

50.40 Gy, >42 days 93 68 59 52 45 38 24 16 10 2 0

50.40 Gy, >42 days
50.40 Gy, 38–42 days

A

HR: 1.57 (95%CI: 1.11–2.21), P = 0.01

0

25

50

75

100

P
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
 (

%
)

Number at risk

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

50.40 Gy, >42 days
50.40 Gy, 38–42 days

B

50.40 Gy, 38–42 days 756 715 653 554 435 296 188 117 19 10 2

50.40 Gy, >42 days 94 82 75 68 56 45 30 20 11 2 0

HR: 1.72 (95%CI: 1.17–2.54), P = 0.01

0

25

50

75

100

A
liv

e 
(%

)

Number at risk

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

C

50.40 Gy, >42 days
50.40 Gy, 38–42 days

Annals of Oncology R. Glynne-Jones et al.

1380 https://doi.org/10.1016/j.annonc.2020.06.012 Volume 31 - Issue 10 - 2020

HR: 1.54 (95%CI: 0.98–2.43), P = 0.06

0

25

50

75

100

Lo
co

 r
eg

io
na

l f
ai

lu
re

 fr
ee

 (
%

)

Number at risk
50.40 Gy, 38–42 days

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

756 640 580 492 386 261 173 108 46 9 1

50.40 Gy, >42 days 94 68 59 52 45 38 24 16 10 2 0

50.40 Gy, 38–42 days 756 639 580 492 386 261 173 108 46 9 1

50.40 Gy, >42 days 93 68 59 52 45 38 24 16 10 2 0

50.40 Gy, >42 days
50.40 Gy, 38–42 days

A

HR: 1.57 (95%CI: 1.11–2.21), P = 0.01

0

25

50

75

100

P
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
 (

%
)

Number at risk

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

50.40 Gy, >42 days
50.40 Gy, 38–42 days

B

50.40 Gy, 38–42 days 756 715 653 554 435 296 188 117 19 10 2

50.40 Gy, >42 days 94 82 75 68 56 45 30 20 11 2 0

HR: 1.72 (95%CI: 1.17–2.54), P = 0.01

0

25

50

75

100

A
liv

e 
(%

)

Number at risk

Time since 7 weeks post randomisation (years)

0 1 2 3 4 5 6 7 8 9 10

C

50.40 Gy, >42 days
50.40 Gy, 38–42 days

Annals of Oncology R. Glynne-Jones et al.

1380 https://doi.org/10.1016/j.annonc.2020.06.012 Volume 31 - Issue 10 - 2020

ORIGINAL ARTICLE

Impact of compliance to chemoradiation on long-term outcomes in
squamous cell carcinoma of the anus: results of a post hoc analysis from the
randomised phase III ACT II trial5

R. Glynne-Jones1*, H. M. Meadows2, A. Lopes2, R. Muirhead3, D. Sebag-Montefiore4 & R. Adams5, on behalf of the ACTII
study group
1Mount Vernon Centre for Cancer Treatment, Mount Vernon Hospital, Northwood; 2Cancer Research UK & University College London Cancer Trials Centre, UCL,
London; 3Oxford Cancer & Haematology Centre, Oxford University Hospitals, Oxford; 4University of Leeds, Leeds Cancer Centre, Leeds; 5School of Medicine, Cardiff
University, Cardiff, UK

Available online 30 June 2020

Background: Concurrent chemoradiation is standard-of-care for patients with squamous cell carcinoma of the anus.
Poor compliance to chemotherapy, radiotherapy treatment interruptions and unplanned breaks may impact
adversely on long-term outcomes.
Methods: The ACT II trial recruited 940 patients with localised squamous cell carcinoma of the anus, and assigned
patients to mitomycin (week 1) or cisplatin (weeks 1 and 5), with fluorouracil (weeks 1 and 5) and radiotherapy
(50.4 Gy in 28 fractions over 38 days). This post hoc analysis examined the association between baseline factors
(age, gender, site, T stage and N stage), and compliance to treatment (radiotherapy and chemotherapy), and their
effects on locoregional failure-free survival, progression-free survival (PFS) and overall survival (OS). Compliance was
categorised into groups. Radiotherapy: six groups according to total dose and overall treatment time (OTT).
Chemotherapy: three groups (A ¼ per-protocol; B ¼ dose reduction or delay; C ¼ omitted).
Results: A total of 931/940 patients were assessable for radiotherapy and 936 for chemotherapy compliance. Baseline
glomerular filtration rate <60 ml/min and cisplatin were significantly associated with poor week 5 compliance to
chemotherapy (P ¼ 0.003 and 0.02, respectively). Omission of week 5 chemotherapy was associated with
significantly worse locoregional failure-free survival [hazard ratio (HR) 2.53 (1.33e4.82) P ¼ 0.005]. Dose
reductions/delays or omission of week 5 chemotherapy were associated with significantly worse PFS {HR: 1.56 [95%
confidence interval (CI): 1.18e2.06], P ¼ 0.002 and HR: 2.39 (95% CI: 1.44e3.98), P ¼ 0.001, respectively} and OS
[HR: 1.92 (95% CI: 1.41e2.63), P < 0.001 and HR: 2.88 (95% CI: 1.63e5.08), P < 0.001, respectively]. Receiving the
target radiotherapy dose in >42 days is associated with worse PFS and OS [HR: 1.72 (95% CI: 1.17e2.54), P ¼0.006].
Conclusion: Poor compliance to chemotherapy and radiotherapy were associated with worse locoregional failure-free
survival, PFS and OS. Treatment interruptions should be minimised, and OTT and total dose maintained.
Clinical trial number: ISRCTN 26715889.
Key words: squamous cell carcinoma of the anus, chemotherapy, radiotherapy, chemoradiation, combined modality,
compliance

INTRODUCTION

Standard treatment of localised squamous cell carcinoma of
the anus (SCCA) is chemoradiation using concurrent

fluorouracil and mitomycin C.1,2 This combination has been
tested in randomised trials3e7 and results in good outcomes
for cT1/T2 cancers,7 but less so for cT3/T4 cancers.7,8

Locoregional failure is the predominant pattern of
relapse,7,9 potentially influenced by innate chemo/radio-
resistance, subtherapeutic radiotherapy total dose (TD)
delivered and poor chemotherapy compliance.

Early phase III trials in SCCA planned breaks in treatment
of 6e8 weeks to manage acute treatment-related toxic-
ities.3,4 Evidence for the importance of overall treatment
time (OTT) exists in squamous carcinomas of the head and
neck.10,11 Evidence in SCCA is inconsistent, but strict
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Time and outcomes
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The role of TIME in outcomes predicion
The development of overall survival in oropharingeal cancer: 

PRO.ME.THEO

AGE
DOSE

PS
TIME

COMPLIANCE

2 years OS nomogram

H&N CANCER

174 (79.8%) were analyzed. 
interruption were considered
PMs were developed and represented by 
nomograms

Miccichè F et al. Acta Otholaryng Italica 2021



Risk Categories
Very Good
OSS > 90 % at 2 y

Good
OSS > 75-85 % at 2 y

Bad
OSS > 50-70 % at 2 y

Very Bad
OSS > 15-40 % at 2 y

The role of TIME in outcomes predicion
H&N CANCER

Miccichè F et al. Acta Otholaryng Italica 2021
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Factors affecting compliance

1. TREATMENTS
2. COMORBIDITIES
3. SOCIO-ECONOMICS
4. PERSONAL Sphere
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Neoadjuvant
oxaliplatin

Number of 
patients
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diff p
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1. Radiotherapy Quality

TROG 02.02 RCT
RT + CIS vs RT CIS + TPZ

Treatment plan were reviewed QARC
Correlation of Compliance to Quality to oncological
outcomes

PATIENTS AND METHODS

Trial Design
Details of the trial design, treatment regimens, and patient characteristics

are provided in the companion paper to this report.2 In brief, this trial was
undertaken to test the benefit of adding the hypoxic cell cytotoxin tira-
pazamine (TPZ) to cisplatin (CIS) -based chemoradiotherapy in patients with
locoregionally advanced squamous cell carcinoma of the head and neck. In
total, 861 eligible patients from 82 centers in 16 countries were entered onto
the trial between September 2002 and April 2005. Radiation therapy was the
same in both arms. A dose of 70 Gy in 35 fractions over 7 weeks was delivered
to gross disease using a shrinking field technique. Sites potentially harboring
subclinical disease (including a minimum of two nodal echelons beyond gross
disease) were treated to 50 Gy, and areas adjacent to gross disease to 60 Gy.
Either standard (parallel-opposed) or forward-planned conformal techniques
were allowed (but not intensity-modulated radiation therapy [IMRT]). All
patients were required to have a planning computed tomography scan for dose
calculation and to verify coverage of gross disease. Two-dimensional (2-D)
treatment planning was used for 53% of the patients and three-dimensional
(3-D) treatment planning was used for 47%. Detailed guidance for radiother-
apy planning, documentation, and delivery was included in the protocol. The
protocol was approved by the institutional ethics committees of participat-
ing centers.

Radiotherapy Protocol Compliance and Quality Assurance
Participating centers were required to submit diagnostic imaging and

treatment plans for patients entered onto the trial to the Quality Assurance

Review Center (QARC; www.qarc.org) by the end of the first week of radio-
therapy. These materials were reviewed by QARC, and feedback was pro-
vided to the investigators to either confirm that the plan was protocol
compliant or to recommend modifications if the plan was noncompliant
(Fig 1). Revised plans were further assessed and, if necessary, additional
changes were recommended.

After completion of treatment, investigators were required to submit full
documentation of radiotherapy to QARC. Teams of reviewers drawn from the
radiation oncologists on the Trial Management Committee (TMC) or their
designees traveled to QARC headquarters to review each case in detail against
protocol-specified criteria for significant deviations (Table 1). During this
process (the TMC review), it became clear that some treatments, while non-
compliant, had deviations that were unlikely to materially affect the probabil-
ity of tumor control, such as treating only one side of the neck electively rather
than both sides where specified. In other cases, deviations as a result of failure
to meet dose-volume histogram criteria resulted from artifacts produced by
drawing target volumes too close to the skin surface.

A final review of all noncompliant treatment plans was therefore com-
missioned to be done by Thomas J. Fitzgerald, MD, medical director of QARC
(the secondary review). The objective of this review was to separate the non-
compliant plans into those in which the deviations were predicted to have a
major adverse impact on tumor control, toxicity, or both, from those that
might be considered to be compatible with a reasonable standard of care if the
patient had been treated off-protocol. All reviews were undertaken without
knowledge of the randomization arm of the patient and before any analyses of
outcome were performed.

Patient Populations and End Point Definitions
The patient population analyzed for factors associated with radiotherapy

predicted to have a major adverse impact on tumor control (818 patients from
81 centers) were those who, on TMC review, were deemed to have compliant
plans, or were deemed to have noncompliant plans and had their plans reas-
sessed at secondary review. (Two patients with noncompliant plans whose
records were unavailable were not reviewed.)

The patient population analyzed for associations between factors related
to radiotherapy quality and outcome (780 patients) excluded those who had
received no radiotherapy (10 patients), those whose treatment was aborted
before they had received at least 60 Gy (24 patients), and those who had disease
progression or had been lost to follow-up before the end of radiotherapy (four
patients). Outcome end points were overall survival (OS), failure-free survival
(FFS), and freedom from locoregional failure (FFLRF). These are defined in
the companion paper.2

Statistical Methods
Factors potentially associated with radiotherapy predicted to have a

major adverse impact on tumor control were assessed by exact !2 tests for

Patients entered on trial (n = 861)
Ineligible (n = 8)
Study population (n = 853)

Interventional review
by QARC
(n = 687)

No interventional
review by QARC

(n = 166)

Predicted major adverse
impact on TCP

(n = 97)

No predicted major
adverse impact on TCP

(n = 109)

TMC review performed
(n = 820; 33 nonevaluable)

Analyzed for outcome (n = 780)
Excluded (n = 38)
  No radiotherapy (n = 10)
  Treatment aborted before 60 Gy (n = 24)
  Disease progression or death during RT (n = 4)

Protocol compliant
(n = 612)

Protocol noncompliant
(n = 208)

Secondary review
performed

(n = 206; 2 records lost)

Fig 1. CONSORT flow chart showing sequence of reviews and analyses. QARC,
Quality Assurance Review Center; TMC, Trial Management Committee; TCP,
tumor control probability; RT, radiotherapy.

Table 1. Protocol-Specified Criteria for Significant Deviations

Tumor
Dose at 2 Gy/fraction delivered to target volumes!

All gross disease (except nodes ! 2 cm) must receive at least
66.5 Gy
No more than 10% of the planning target volume (PTV) enclosing
gross disease must receive ! 66.5 Gy (! 57 Gy for small nodes) or
" 75 Gy, excluding volumes within the gross tumor volume or air
cavities
No more than 10% of PTV defining electively treated areas must
receive ! 40 Gy

Treatment prolongation
Overall treatment time must not exceed 9 weeks

Normal tissues
Maximum dose to spinal cord must not exceed 50 Gy
Volumes and doses to uninvolved normal tissues must not be excessive

!If volumes are incorrectly drawn, deviation assessments will be made on
corrected volumes.

Radiation Quality and Clinical Outcome in H&N Cancer

www.jco.org © 2010 by American Society of Clinical Oncology 2997
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1. Radiotherapy Quality

those with compliant plans from the outset fared best, while those with
plans that needed to be modified to become compliant and those with
noncompliant plans predicted not to have a major adverse impact on
tumor control had intermediate outcomes, though much closer to
those of cohort 1 than to those of cohort 4. The magnitude of the

differences in outcome attributable to radiotherapy quality is large: in
terms of OS, the absolute difference at 2 years between cohort 1 and
cohort 4 was 20% (70% v 50%), twice the hypothesized survival
benefit of TPZ used in design of the trial.

Multivariable Analysis of Factors Influencing
Treatment Outcome

Multivariable analysis of factors associated with OS and TTLRF
showed that a predicted major adverse impact on tumor control
remained highly significant (P ! .004 for OS; P ! .001 for TTLRF)
along with primary tumor site (oropharynx/larynx v oral cavity/hypo-
pharynx) and hemoglobin level (" 13.5 g/dL or ! 13.5 g/dL for males
or 12.5 g/dL for females).

With regard to potential imbalance in human papilloma virus–
associated tumors, 199 patients with oropharyngeal cancers who
had slides submitted for p16 staining were analyzed. There was no
major imbalance in p16 positivity between the four cohorts: 56%,
59%, 65%, and 64% for cohorts 1, 2, 3 and 4, respectively.

Differential Effect of Radiotherapy Quality by
Randomization Arm

Figure 4 shows the TTLRF by randomization arm for patients
who received radiotherapy of an acceptable standard. These patients
had an excellent rate of locoregional control with a borderline signif-
icant improved outcome in patients on the TPZ arm. By contrast,
those who received substandard radiotherapy had a much worse rate
of locoregional control regardless of randomization arm (2-year
FFLRF, 60% for CIS and 50% for CIS/TPZ). Interestingly, in this
cohort, patients on the CIS/TPZ arm fared less well than those receiv-
ing high-dose CIS. However, the test for interaction between radio-
therapy quality cohort and randomization arm was not significant
(P ! .15).

Table 3. Investigator Factors (country and enrollment bracket) Analyzed for
Adverse Impact on Tumor Control Probability After Secondary

Review (n ! 818)

Factor
No. of

Patients
Number With Major

Adverse Impact %

Country
Western Europe C 39 0 0.0
Oceania A 154 8 5.2
North America A 101 6 5.9
Eastern Europe A 48 5 10.4
South America A 54 6 11.1
Western Europe B 67 8 11.9
Western Europe E 25 3 12.0
Oceania B 16 2 12.5
Western Europe A 127 17 13.4
South America B 42 6 14.3
Eastern Europe B 28 4 14.3
North America B 63 10 15.9
Western Europe D 30 5 16.7
Western Europe F 6 2 33.3
Western Europe G 4 2 50.0
Eastern Europe C 14 13 92.9

Enrollment bracket
1-4 (26 centers) 57 17 29.8
5-9 (22 centers) 130 28 21.5
10-19 (22 centers) 279 33 11.8
! 20 (11 centers) 352 19 5.4

NOTE. P " .001 for country and enrollment bracket. Letters refer to countries
in each region ranked in order of number of patients enrolled.

0

P < .001

Pe
rc

en
t S

ur
vi

vi
ng

Time Since End of RT (years)

100

80

60

40

20

0.5 1.0 2.01.5 3.02.5 3.5 4.0

Compliant ab initio
Made compliant
No major TCP impact
Major TCP impact

Fig 2. Overall survival by deviation status: (1) compliant from the outset
(n ! 502), (2) made compliant following a review by the Quality Assurance
Review Center (n ! 86), (3) noncompliant but without predicted major adverse
impact on tumor control (n ! 105), and (4) noncompliant with predicted major
adverse impact on tumor control (n ! 87). Overall P " .001. Pair-wise tests: not
statistically significant except for cohort 1 versus cohort 4 (P " .001), cohort 2
versus cohort 4 (P ! .041), and cohort 3 versus cohort 4 (P ! .006). TCP, tumor
control probability; RT, radiotherapy.
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Fig 3. Time to locoregional failure by deviation status. The four cohorts are (1)
compliant from the outset (n ! 502), (2) made compliant following a review by
the Quality Assurance Review Center (n ! 86), (3) noncompliant but without
predicted major adverse impact on tumor control (n ! 105), and (4) noncompliant
with predicted major adverse impact on tumor control (n ! 87). Overall P " .001.
Pair-wise tests were not statistically significant except for cohort 1 versus cohort
4 (P " .001), cohort 2 versus cohort 4 (P ! .004), and cohort 3 versus cohort 4
(P ! .006). TCP, tumor control probability; RT, radiotherapy.
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RT quality compliance

those with compliant plans from the outset fared best, while those with
plans that needed to be modified to become compliant and those with
noncompliant plans predicted not to have a major adverse impact on
tumor control had intermediate outcomes, though much closer to
those of cohort 1 than to those of cohort 4. The magnitude of the

differences in outcome attributable to radiotherapy quality is large: in
terms of OS, the absolute difference at 2 years between cohort 1 and
cohort 4 was 20% (70% v 50%), twice the hypothesized survival
benefit of TPZ used in design of the trial.

Multivariable Analysis of Factors Influencing
Treatment Outcome

Multivariable analysis of factors associated with OS and TTLRF
showed that a predicted major adverse impact on tumor control
remained highly significant (P ! .004 for OS; P ! .001 for TTLRF)
along with primary tumor site (oropharynx/larynx v oral cavity/hypo-
pharynx) and hemoglobin level (" 13.5 g/dL or ! 13.5 g/dL for males
or 12.5 g/dL for females).

With regard to potential imbalance in human papilloma virus–
associated tumors, 199 patients with oropharyngeal cancers who
had slides submitted for p16 staining were analyzed. There was no
major imbalance in p16 positivity between the four cohorts: 56%,
59%, 65%, and 64% for cohorts 1, 2, 3 and 4, respectively.

Differential Effect of Radiotherapy Quality by
Randomization Arm

Figure 4 shows the TTLRF by randomization arm for patients
who received radiotherapy of an acceptable standard. These patients
had an excellent rate of locoregional control with a borderline signif-
icant improved outcome in patients on the TPZ arm. By contrast,
those who received substandard radiotherapy had a much worse rate
of locoregional control regardless of randomization arm (2-year
FFLRF, 60% for CIS and 50% for CIS/TPZ). Interestingly, in this
cohort, patients on the CIS/TPZ arm fared less well than those receiv-
ing high-dose CIS. However, the test for interaction between radio-
therapy quality cohort and randomization arm was not significant
(P ! .15).

Table 3. Investigator Factors (country and enrollment bracket) Analyzed for
Adverse Impact on Tumor Control Probability After Secondary

Review (n ! 818)

Factor
No. of

Patients
Number With Major

Adverse Impact %

Country
Western Europe C 39 0 0.0
Oceania A 154 8 5.2
North America A 101 6 5.9
Eastern Europe A 48 5 10.4
South America A 54 6 11.1
Western Europe B 67 8 11.9
Western Europe E 25 3 12.0
Oceania B 16 2 12.5
Western Europe A 127 17 13.4
South America B 42 6 14.3
Eastern Europe B 28 4 14.3
North America B 63 10 15.9
Western Europe D 30 5 16.7
Western Europe F 6 2 33.3
Western Europe G 4 2 50.0
Eastern Europe C 14 13 92.9

Enrollment bracket
1-4 (26 centers) 57 17 29.8
5-9 (22 centers) 130 28 21.5
10-19 (22 centers) 279 33 11.8
! 20 (11 centers) 352 19 5.4

NOTE. P " .001 for country and enrollment bracket. Letters refer to countries
in each region ranked in order of number of patients enrolled.
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Fig 2. Overall survival by deviation status: (1) compliant from the outset
(n ! 502), (2) made compliant following a review by the Quality Assurance
Review Center (n ! 86), (3) noncompliant but without predicted major adverse
impact on tumor control (n ! 105), and (4) noncompliant with predicted major
adverse impact on tumor control (n ! 87). Overall P " .001. Pair-wise tests: not
statistically significant except for cohort 1 versus cohort 4 (P " .001), cohort 2
versus cohort 4 (P ! .041), and cohort 3 versus cohort 4 (P ! .006). TCP, tumor
control probability; RT, radiotherapy.
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Fig 3. Time to locoregional failure by deviation status. The four cohorts are (1)
compliant from the outset (n ! 502), (2) made compliant following a review by
the Quality Assurance Review Center (n ! 86), (3) noncompliant but without
predicted major adverse impact on tumor control (n ! 105), and (4) noncompliant
with predicted major adverse impact on tumor control (n ! 87). Overall P " .001.
Pair-wise tests were not statistically significant except for cohort 1 versus cohort
4 (P " .001), cohort 2 versus cohort 4 (P ! .004), and cohort 3 versus cohort 4
(P ! .006). TCP, tumor control probability; RT, radiotherapy.
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2. Comorbidities

Comorbidities:
CCI 1 9 pts (22.5%), two patients a 
CCI 2 2 pts (5%), a CCI 3 2 pts (5%)

Most common comorbidities: 
diabetes, ulcer disease, chronic pulmonary disease, and 
connective tissue disease.Fiorentino A et al. Aging Clin Exp Res 2018

40 BC patients
SIB-IMRT (50 Gy WB, 60 Gy TB)
Age ≥ 70 years, pT1-2 pN0-1, M0, no neo-CT
Charlson comorbidity index. 

breast CANCER



2. Medications

• 74 years old

• ECOG 2

• BONE METASTASIS (prostate cancer)

• Moderate Pain (NRS max 7/10) at sacral level

Multimorbidity: 
Metabolic syndrome /Diabetes -Type II/  COPD/ Hiatal hernia/BPH /Depression

No painWorst
pain

¤ ¤



2. Medications

Lansoprazole
Pancrelipase

Canbesartan
Bisoprolol fumarate
Barnidipine hydrochloride
Baby aspirin
Ezetimibe

Finasteride
Tamsulosine

beclometasone formoterol
glycopyrronium

Mirtazapin
Lorazepam

aspart insulin 
detemir insulin

Oxycodon/naloxon

GI

Hypertension
Cardiovascular
risk management

BPH

COPD

Depression

Type II Diabetes

Pain

Polipharmacy



Worsen
Diabetes

Depression

Fatigue
And Pain
senstivity

Worsen
Depression

Cardivascular
risk prevention
Beta blockers

COPD 
worsening

PBH treatment 

Metabolic syndrome

2. Medications

Onco-geriatric evaluation of the patient



3. Socio-economics Factors

households with 6–12 members. 8 (7%) had never gone to
school and 83 (69%) had up to primary level of education,
completed or uncompleted. 91 (76%) had no health coverage,
54 (45%) were below the poverty line and 35 (29%) lived in
inadequate dwellings. No patient had socially protected
employment. 39 (33%) were diagnosed with stage III or IV
disease. There were no significant differences between
participant and non-participant patients, for the two variables
for which information was available: age (P=0.665) and stage
of disease (P=0.162).

Access to radiotherapy

For most patients (n=115; 96%) radiotherapy treatment was
paid through the social security, provided free of charge by the
hospital or paid by governmental or non-governmental
organizations. 5 (4%) paid treatment through out-of-pocket
expenses.

Non-compliance

Non-compliance with radiotherapy affected 36 (30%)
patients. Mean number of missed sessions was 4 (SD: 3).
Table 1 shows the socio-demographic factors associated with
non-compliance: there were significant associations of poverty
(P=0.02), inadequate housing (P=0.016) and increasing size of
household (P=0.008).

Socio-economic impact

Prevalence of different types of impacts on the households of
patients can be seen in Table 2. In 54 (45%) of households at least
one member reduced his/her working hours and in 34 (28%) at
least one member stopped working. 47 (39%) households lost
family income, partially or totally. Among households that lost
income (n=47), 47% lost less than 25% of family income, 34%
lost 25–50% and 19% lost 50% and over. As a result of loss of
income, poverty level increased from 45% to 53% of patients'
households. Delays in payments for essential services such as
telephone or electricity affected 52 (43%) households and as a
result 14 households had the service cut. There were significant
effects, too, on daily food consumption (reduced in 37% of
households) and on sale of property/use of savings (38% of
households). The more prevalent education-related impacts were
school absences and problems paying for education, which
affected 34 (28%) and 27 (23%) households, respectively.

Association between socio-economic impact and
non-compliance

Table 3 shows the univariate and multivariate associations
between the different socio-economic impacts on the patient's

Table 2
Prevalence of socio-economic impacts in households of patients

Socio-economic impact on patient's household (n=120)

Employment-related impacts
Work interruption 34 (28%)
Reduction in hours worked 54 (45%)
Change of work 6 (5%)
Starting paid work 17 (14%)
Increase in hours worked 13 (11%)
Income-related impacts
Loss of family income 47 (39%)
Budget-related impacts
Reduction in daily food consumption a 42 (37%)
Delays in payments of essential services 52 (43%)
Sale of property/Use of savings 46 (38%)
Indebtedness 7 (6%)
Education-related impacts
School interruption 6 (5%)
Problems in paying for education 27 (23%)
Change of school 4 (3%)
Absences from school 34 (28%)
Health-care impact
Problems in accessing health-care 8 (7%)
Child care related impact
Change of child care organization 16 (13%)
a Missing data for 5 cases.

Table 1
Socio-demographic characteristics of patients

Socio-demographic
characteristics of
patients

Total
(n=120)

Compliant
patients
(n=84)

Non-compliant
patients (n=36)

P-
value

Mean age (SD) 51 (11.9) 52 (12.3) 48 (10.4) 0.078
Education level
Never gone to school 8 6 (75%) 2 (25%) 0.885
Up to primary school

(incomplete/complete)
83 57 (69%) 26 (31%)

Secondary/Tertiary
(incomplete/complete)

29 21 (72%) 8 (28%)

Marital status
Married 65 45 (69%) 20 (31%) 0.970
Single 11 8 (73%) 3 (27%)
Widow/Divorced 44 31 (71%) 13 (29%)
Household size
1–2 34 27 (79%) 7 (21%) 0.008
3–5 63 47 (75%) 16 (25%)
6–12 23 10 (44%) 13 (57%)
Position within household
Head 42 27 (64%) 15 (36%) 0.490
Wife 63 45 (71%) 18 (29%)
Other 15 12 (80%) 3 (20%)
Poverty status
Non-poor 66 52 (79%) 14 (21%)
Poor 54 32 (59%) 22 (41%) 0.020
Type of dwelling
Adequate 85 65 (77%) 20 (24%) 0.016
Inadequate 35 19 (54%) 16 (46%)
Type of occupation of patient
Employed without social

protection
45 29 (64%) 16 (36%) 0.532

Unemployed 16 11 (69%) 5 (31%)
Inactive 59 44 (75%) 15 (25%)
Health coverage
No 91 61 (67%) 30 (33%) 0.209
Yes 29 23 (79%) 6 (21%)
Stage a

I 11 9 (82%) 2 (18%) 0.538
II 68 45 (66%) 23 (34%)
III–IV 39 28 (72%) 11 (28%)
a Missing data for 2 cases.
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household, and non-compliance. In univariate analysis, work
interruption (OR: 3.5; 95% CI: 1.5–8.2), loss of family income
(OR: 3.1; 95% CI: 1.4–7.0), and absences from school (OR:
4.3; 95% CI: 1.8–9.9) were significantly associated with non-
compliance. In the multivariate analysis, after adjustment for
socio-demographic variables, two impacts remained signifi-
cantly associated with non-compliance, loss of family income
and absences from school. Patients from households where
income was lost were 3.8 times more likely to miss at least one
radiotherapy session (95% CI: 1.5–9.5). Belonging to a
household where at least one member missed school days
increased the risk of non-compliance by 3.6 (95% CI: 1.4–9.1).

Socio-economic impact on informal caregivers

54 patients (45%) were cared by one or more informal
caregivers that did not live with them. Households of informal
caregivers totaled 62 and Table 4 shows the level of impact
borne by them. The most common impacts were a reduction in
hours worked and the sale of property or use of savings,
affecting 38 (61%) and 25 (40%) households, respectively. One-
third of households reduced daily consumption of food and 16

(26%) had delays in payments of essential services such as
electricity or telephone.

Discussion

Despite the fact that treatment costs were covered in 96% of
the cases, we found that the socio-economic impact of cervical
cancer on the household of patients was considerable. We also
found that the burden of cervical cancer is not limited to the
disability or death of the woman, but it also includes important
disease effects borne by the close social network. For almost
half of the patients, at least two households were involved in
arrangements needed to provide caregiving and face the socio-
economic impact of disease.

Among impacts detected, interruption of work and the
reduction in the daily amount of food consumed are particularly
worrying. In the context of the difficult labor market conditions
in Argentina, work interruption may imply loss of income or
even of the job itself. Several interviewees who stopped
working expressed the hope of going back to their jobs after
treatment, fearing at the same time that this would no longer be
possible. For many families, loss of family income resulted in
falling into poverty, a process that has been referred to as “the
medical poverty trap” [19]. The chances of moving out of
poverty might diminish once confronted with illness [20].

The reduction in food consumption can compromise the
nutritional status of family members, increasing the risk of ill-
health, specially in children [21]. For the cancer patient,
inadequate nutrition can reduce tolerance to the adverse effects
of treatment, increase the risk of co-morbidity and eventually
reduce survival [22,23].

Compliance with treatment was influenced by two socio-
economic impacts: loss of family income and school absences

Table 3
Univariate and multivariate associations between socio-economic impacts and
non-compliance

Impact on
patient's
household

Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

Work interruption
No 1.0
Yes 3.5 1.5–8.2 0.003
Reduction in hours worked
No 1.0 0.202
Yes 0.6 0.3–1.3
Starting paid work
No 1.0 0.282
Yes 1.8 0.6–5.1
Increase in hours worked
No 1.0 0.556
Yes 0.7 0.2–2.6
Loss of family income
No 1.0 1.0
Yes 3.1 1.4–7.0 0.006 3.8 1.5–9.5 0.003
Problems in paying for education
No 1.0 0.367
Yes 1.5 0.6–3.7
Absences from school
No 1.0 1.0
Yes 4.3 1.8–9.9 0.001 3.6 1.4–9.1 0.005
Reduction in daily consumption of food
No 1.0 0.158
Yes 1.8 0.8–3.9
Delays in payments
No 1.0 0.079
Yes 2.0 0.9–4.5
Sale of property/Use of savings
No 1.0 0.743
Yes 0.9 0.4–1.9
Change of child care organization
No 1.0 0.203
Yes 2.0 0.7–5.9

Table 4
Prevalence of socio-economic impacts in households of informal caregivers

Impact on informal caregiver household (n=62)

Employment-related impacts
Work interruption 2 (3%)
Reduction in hours worked 38 (61%)
Change of work 1 (2%)
Starting paid work 3 (5%)
Increase in hours worked 15 (24%)
Income-related impacts
Loss of family income 10 (16%)
Education-related impacts
School interruption 1 (2%)
Problems in paying for education 7 (11%)
Change of school 0 (0%)
Absences from school 7 (11%)
Budget-related impacts
Reduction in daily consumption of food 18 (29%)
Delays in payments of essential services 16 (26%)
Sale of property/Use of savings 25 (40%)
Indebtedness 5 (8%)
Health-care impact
Problems in accessing health-care 3 (5%)
Child care related impact
Change of child care organization 11 (18%)
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4. PERSONAL sphere: PSYCHOLOGICAL STAPLES FOR AN OPTIMAL RT DELIVERY

• High distress during RT (about 30%)3

• Severe physical adverse effects, 
chemotherapy, female sex, younger age, 
prior history of depression, tumor stage, 
and awareness of diagnosis are risk 
factors for depression or anxiety4

• Patients from RT facilities without mental health 
services are significantly more likely to report 
difficulty with physical health problems, specifically 
serious illness and walking, compared with those 
treated at RT facilities with services. 

• Most preferred psychological interventions:
• face-to-face counseling at the cancer center
• printed educational materials5

• Breathing techniques
• Cognitive behavioural

therapy
• Distraction
• Empathetic attention
• Hypnosis2

• Patients at risk:
• Currently taking psycho-active

medication
• Fear of enclosed spaces/being

covered/restricted
• Anxiety attack1

Avoid RT 
disruption

Improve
comfort

Screening 
for distress

Psychological 
interventions



What is considered compliance in 2020s?

§ Definition and background

§ Conditioning Factors

§ New Technologies

§ Intervention strategies



Review

Fig. 18 Improvement in radiotherapy (RT) during the past three decades.MRmagnetic resonance,
OAR organ at risk

cancer, the tumor moves with breathing
(intra-fractionmotion); for patients with
a tumor in the pelvic area, the position
is dependent on bladder and bowel fill-
ing (inter- and sometimes intra-fraction
motion). Patients with a tumor in the
head and neck region o!en lose weight
during treatment, resulting in a more
gradual inter-fraction change. Further-
more, during the course of treatment, the
tumor may become smaller or the tumor
biology might change.

"erefore, the actual dose deliv-
ered to the patient may differ from
the planned dose owing to anatomical
changes (. Fig. 2). "is phenomenon
highly depends on treatment technique
(e.g., field arrangement) and on radia-
tion quality. Were the patient in . Fig. 2
to be treated with protons (instead of
photons), adaptation of the beam inten-
sities would clearly be needed in order
to ensure dose coverage and sparing
of healthy tissues. Photon treatment
plans are usually more robust, and thus
adaption is o!en not necessary but still
desirable so as to improve the sparing of
normal tissue [12, 13].

For fast-changing intra-fraction mo-
tion, a different IGRT strategy is required
than for slower and larger organ defor-
mation. For breathing-induced tumor
motion, which is to some extent pre-
dictable, gating [14] and tracking [15]
techniques have been developed that of-
ten depend on predetermined motion

models, where external motion of the
patients’ surface correlates with internal
tumormotion (with orwithout the use of
fiducial markers). To prevent induction
of systematic mismatches, the key point
of these techniques is on-board image
verification and updating of the motion
models employed.

Stereotactic RT rests on image
guidance

Stereotactic radiotherapy (SRT) is a rela-
tively recentdevelopment inRTalthough
its origins date back to the 1950s. "e ba-
sic principle of SRT is achieving extreme
geometric accuracy of radiation dose de-
livery so that very small targets (tumors
or intracranial arteriovenous malforma-
tions) can be treated with unprecedented
high radiation doses causing ablation of
the lesion—and severe damage if the tar-
get is missed. "is principle thus high-
lights the particular importance of image
guidance: In the early days of SRT, suf-
ficient precision was only achievable by
rigid fixation of the radiation device via
a headframe fixed to the bony skull us-
ing screws. Obviously, before 3D and
4D imaging became available, SRT was
mainly limited to the treatment of in-
tracranial lesions.

With the introduction of CT and 3D
and later 4D representation of the region
to be irradiated, extending stereotactic
RT to extracranial locations became pos-

sible. It has quickly become the guide-
line-recommended treatment of choice
for patients with early stage non-small-
cell lung cancer when the operative risk
is deemed unacceptably high. In ad-
dition, stereotactic body RT (SBRT) is
a very attractive option for patients with
lung metastases, confined lesions in the
adrenals, liver, or even elsewhere. Di-
rect comparative studies of SBRT versus
surgical removal of oligometastases are
not available, but there is some evidence
that SBRT may entail equal lesion con-
trol and survival for patients with lung
oligometastases as can be obtained with
surgery [16].

"e essence of both intracranial and
extracranial RT consists in administer-
ing very high doses per fraction to small
target volumes, which in general only
comprise gross tumor tissue with tight
margins [17]. "e treatment has a favor-
able toxicityprofileand isveryconvenient
for patients, as it is typically delivered in
only one to five, sometimes eight to 12,
fractions. Even for moving extracranial
targets (lung, liver, adrenal), the safety
(or uncertainty) margin around the le-
sion to be treated is in the millimeter
range. "is is made possible primarily
owing to 4D-CT at treatment planning
to tackle respiratorymotionduring treat-
ment delivery [18], as it enables individ-
ualized definition of the volume to be
irradiated (o!en called “internal target
volume,” ITV; . Fig. 3). Treatment itself
is guided in turn by online imaging. On-
board cone-beamCTeither in3Dor even
in 4D mode allows for adjustment of the
treatmentplancomprisingmultiplefields
or arcs to the actual tumor position in
the patient at every fraction of treatment
delivery [19].

"e second principle of SRT is to
use steep dose gradients by prescribing
the dose to the PTV encompassing the
50–80% isodose in order to therewith
achievea low-as-possibledoseoutsidethe
target and accumulation of dose within
the tumor [20, 21]. In contrast, conven-
tional RT attempts to achieve dose pro-
files that are as homogeneous as possible
withinvolumesirradiated, sincetypically,
healthy but radiosensitive organs are sit-
uated within the clinical target volume
that would otherwise be disproportion-
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MRgRT work-flow
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agitation. In case of incompatibility, patients were assigned 
to standard radiotherapy treatment units.

A randomly defined group of suitable patients was 
assigned to a Tri-Co60 MRI hybrid unit (MRIdian®), with 
the only criterion being machine scheduling availability, in 
order to avoid selection biases.

All selected patients underwent a preliminary interview 
for MRgRT informed consent acquisition and safety pro-
cedures explanation.

A multidisciplinary joint visit, performed by a radiation 
oncologist and a geriatrician, evaluated all the patients to 
confirm indication to MRgRT, defining a fully personal-
ized approach for every patient.

Patients undergoing curative treatments and considered 
as frail during the first assessment were also addressed to 
additional geriatric follow-up with a comprehensive geri-
atric assessment (CGA) after radiotherapy, which included 
evaluation of frailty, sarcopenia, physical and cognitive 
performance through the Timed Up-and-Go test, dual-
energy X-ray absorptiometry scan, short physical perfor-
mance battery, hand grip strength, distress scale, and 
Mini-Mental State Examination.

During radiotherapy, all the patients were immobilized 
using the FluxboardTM device (MacroMedics, Waddinxveen, 
the Netherlands) in clinically appropriate, fully personal-
ized, and most comfortable configurations. Magnetic reso-
nance coils were positioned according to anatomical 
treatment site.

Figure 1 shows an example of patient positioning for a 
thoracic treatment, while Figure 2 shows the correspond-
ing dose distribution (lung SBRT).

Organ motion management protocols (e.g. respiratory 
gating) were performed and visual respiratory feedback 
was used when clinically indicated.

Irradiation time (intended as positioning plus beam on 
time) was recorded in order to quantify endurance in the 
required treatment position.

An internal validation cohort of consecutive elderly 
patient candidates for MRgRT was prospectively enrolled 
in order to test the reliability and clinical replicability of 
the score.

Results

MASTER score definition
Thirty patients were enrolled for this study between 
February and March 2018.

Ten (33.3%) were female and mean age was 81.4 ± 3.4 
years (range, 75–88).

Baseline characteristics of the overall sample are 
reported in Table 2.

Treatment sites were 14 pelvic (8 rectal cancer, 3 pros-
tate, 2 bladder, 1 ovary), 7 thoracic (7 lung), 6 abdominal 
(2 pancreas, 2 nodal lesions, 2 secondary liver lesions), 
and 3 bone metastases. Thirteen patients underwent SBRT 
and 14 IMRT, with 4 cases having a palliative intent.

The mean number of fractions was 11 (range, 5–25) for 
both techniques.

SBRT had a mean duration of 7.2 minutes per fraction; 
IMRT, 3.9 minutes.

All the patients successfully concluded the scheduled 
treatments, without interruptions or complications related 
to acute toxicity.

Thirteen patients (43.3%) were considered frail accord-
ing to the joint evaluation of the radiation oncologist and 
the geriatrician and were therefore addressed to dedicated 
geriatric follow-up visits after 2–6 months from radiother-
apy end.

Results of the 6-month CGA evaluation are presented in 
supplementary Table 1.

No specific compliance limits were identified and no 
differences in terms of age, sex, and irradiation time were 
observed between patients evaluated as frail at the baseline 
assessment versus patients not deemed frail.

Compliance with the treatment, quality of life, and per-
formance indexes measured among the frail patients at the 
end of the treatment were good, even in presence of cogni-
tive impairment and low visual acuity.

Figure 1. Patient positioning for thoracic treatment.

Figure 2. Dose distribution on planning magnetic resonance 
imaging (left) and computed tomography (right) in the case of 
lung stereotactic body radiation therapy. Isodose lines from 20 
Gy (light blue) to 50 Gy (red) are shown.
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Patient distress was successfully managed during the 
procedure by continuous voice contact with the attending 
radiation oncologist and through broadcasting into the 
therapy vault of patient-selected music, according to our 
standard institutional procedures.

A scoring system based on the observations performed 
during the treatment of these elderly patients was then 
proposed and named MASTER score (MRI-Guided 
Radiotherapy Selection Elderly).

The MASTER score provides for 12 items, each scored 
from 1 to 4, and identifies patients with a total score value 
of 4 or higher as not suitable for MRgRT, who need to be 
addressed to standard linear accelerator technologies.

MRI incompatibility (i.e. presence of incompatible 
devices), major cognitive impairment, and severe claustro-
phobia were scored with a value of 4; Eastern Cooperative 
Oncology Group Performance Status (ECOG PS) value ⩾3 
was scored 3; ECOG PS value ⩾2 was scored 2; mild cog-
nitive impairment, frailty, essential tremor, visual deficit, 
deafness, gated treatment foreseen, and urinary and/or fecal 
incontinence were scored 1. The proposed items with the 
corresponding scoring values are summarized in Table 3.

MASTER score internal prospective validation
A prospective cohort of 30 elderly patients with the same 
selection criteria applied for the score setup 1 was screened 
in order to evaluate indications for MRgRT between May 
2019 and October 2019. Mean age was 80.2 ± 5.4 years 
(range, 75–96).

For each patient, the MASTER score was calculated 
during a dedicated radiation oncology visit before treat-
ment simulation and informed consent acquisition.

No oncogeriatric intervention was foreseen during the 
screening visit in order to test score performance in standard 

clinical radiation oncology practice and not to introduce a 
subspecialist-related selection bias.

Three patients scored MASTER 4 or higher and were 
therefore addressed to standard linac delivery: 1 was con-
sidered not MRgRT compliant due to major cognitive 
impairment and frailty (MASTER 5); 1 had ECOG PS 
value of 2, frailty, mild cognitive impairment, deafness, 
and fecal incontinence (MASTER 6); 1 had mild cogni-
tive impairment, ECOG PS value of 2, frailty, and visual 
deficit (MASTER 5). One patient denied specific MRgRT 
consent and was therefore addressed to standard linac 
delivery.

Twenty-six patients were considered MRgRT compli-
ant (MASTER score mean value 2.4, range 1–3) and 
addressed to delivery.

Treatment sites were 4 thoracic (4 lung), 8 abdominal 
(3 secondary liver lesions, 3 pancreas, 1 soft tissue, and 

Table 2. Baseline characteristics of the sample.

Overall  
(n = 30)

Palliative  
(n = 4)

No CGA  
(n = 13)

CGA  
(n = 13)

p Value or  
F2 test (CGA  
vs no CGA)

SBRT IMRT p Value  
(SBRT vs 
IMRT)

Age, y 81.4 ± 3.4 81.0 ± 3.7 81.7 ± 3.7 81.2 ± 3.3 0.73 81.6 ± 3.4 80.9 ± 3.7 0.6
Women 10 (33.3) 2 (50.0) 5 (38.5) 3 (23.1) — 4 (33.3 6 (35.3) —
Wheelchair 3 (10.0) 0 (0.0) 2 (15.4) 1 (7.7) — 2 (16.7) 1 (6) —
Cognitive 
impairment

2 (6.7) 0 (0.0) 0 (0.0) 2 (15.4) — 4 (33.3) — —

Low visual acuity 2 (6.7) 0 (0.0) 1 (7.7) 1 (7.7) — 1 (8.3) 1 (6) —
Number of 
fractions

11.1 ± 9.3 7.5 ± 2.9 12.1 ± 10.4 11.1 ± 9.6 0.71 5.4 ± 1.4 3.9 ± 2.7 <0.001

Beam on time,a min 9.6 ± 7.0 14.8 ± 9.3 8.9 ± 7.1 8.7 ± 5.9 0.94 7.3 ± 2.8 12.5 ± 6.0 0.002
Beam on timea/
effective time,b min

35.0 ± 12.6 43.0 ± 13.0 32.0 ± 13.4 35.0 ± 11.6 0.58 0.4 ± 0.1 0.3 ± 0.1 0.06

CGA: comprehensive geriatric assessment; IMRT: intensity-modulated radiation therapy; SBRT: stereotactic body radiation therapy.
Values are mean ± SD or n (%).
aBeam on time: treatment duration considering the target volume always in delivery position using a gating approach.
bEffective time: treatment duration considering also the time during which target volume is out of the delivery position using a gating approach.

Table 3. MASTER score items and corresponding values.

Condition MASTER score value

MRI incompatibility (i.e. pacemaker) 4
Major cognitive impairment 4
Severe claustrophobia 4
ECOG PS value ⩾3 3
ECOG PS value ⩾2 2
Mild cognitive impairment 1
Frailty 1
Essential tremor 1
Visual deficit 1
Deafness 1
Gated treatment foreseen 1
Urinary or fecal incontinence 1

ECOG PS: Eastern Cooperative Oncology Group Performance Status; 
MRI: magnetic resonance imaging.
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Patients should be divided in: 
- physically not compatible (i.e. pace maker carriers); 

- clinically not compatible (i.e. major psychiatric disorder, severe claustrophobia);

- border line compatible (i.e. mild claustrophobia); 

- fully compatible

Appropriate intervention should be considered in border line compatible patients (e.g. 
psychological intervention or patients support techniques such as music or aromatherapy).

Patients evaluated as not compatible or refusing hybrid treatment should be directly 
addressed to standard RT delivery units.

MRgRT patients SELECTION
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Dedicated MR compatibility
scoring systems are useful
to avoid a priori choice based
on clinical or age related
variables

MASTER score 
MRI-Guided Radiotherapy Selection Elderly



What is considered compliance in 2020?

§ Definition and background

§ Influencing Factors

§ New Technologies

§ Intervention strategies



DISTRACTIVE therapies



Movie making as a cognitive distraction
for paediatric patients receiving
radiotherapy treatment: qualitative
interview study

Bradley J M Shrimpton,1 David J Willis,2 Cáthal D Tongs,2 Aldo G Rolfo3

To cite: Shrimpton BJM,
Willis DJ, Tongs CD, et al.
Movie making as a cognitive
distraction for paediatric
patients receiving
radiotherapy treatment:
qualitative interview study.
BMJ Open 2013;3:e001666.
doi:10.1136/bmjopen-2012-
001666

▸ Prepublication history and
additional material for this
paper are available online. To
view these files please visit
the journal online
(http://dx.doi.org/10.1136/
bmjopen-2012-001666).

Received 20 June 2012
Revised 9 November 2012
Accepted 19 November 2012

This final article is available
for use under the terms of
the Creative Commons
Attribution Non-Commercial
2.0 Licence; see
http://bmjopen.bmj.com

For numbered affiliations see
end of article.

Correspondence to
Dr Bradley J M Shrimpton;
bshrimpt@unimelb.edu.au

ABSTRACT
Objectives: To establish the outcomes achieved by
using an innovative movie-making programme
designed to reduce fear of radiotherapy among
paediatric patients.
Design: Qualitative descriptive evaluation based on
semistructured, qualitative interviews with purposeful
sampling and thematic analysis.
Setting: Tertiary Cancer Centre.
Participants: 20 parents of paediatric patients who
had produced a movie of their radiation therapy
experience and were in a follow-up phase of cancer
management.
Results: Participants attributed a broad range of
outcomes to the movie-making program. These
included that the programme had helped reduce
anxiety and distress exhibited by paediatric patients
and contributed to a willingness to receive treatment.
Other outcomes were that the completed movies had
been used in school reintegration and for maintaining
social connections.
Conclusions: Allowing children to create a video of
their experience of radiotherapy provided a range of
benefits to paediatric patients that varied according to
their needs. For some patients, movie-making offered a
valuable medium for overcoming fear of the unknown
as well as increasing understanding of treatment
processes. For others, the development of a
personalised video offered an important cognitive/
attentional distraction through engaging with an age-
appropriate activity. Together these outcomes helped
children maintain self-control and a positive outlook.

INTRODUCTION
Radiation therapy (RT) is an integral modal-
ity in the treatment of cancer in children,
either as a primary therapy or in combin-
ation with surgery and/or chemotherapy.
The actual administration of high-energy
radiation beams is painless, but the nature of
the treatment process presents a unique set
of challenges in terms of paediatric patient
compliance.1 In 2008, radiation therapists at

the Peter MacCallum Cancer Centre in
Melbourne, Australia introduced a
Movie-Making Program (MMP) to help alle-
viate the distress that young patients fre-
quently experience during the 7 weeks that
treatment typically occurs.i As part of this
intervention, participating children produce
a short creative video describing each
patient’s journey in their own words. In this
article we present findings from an inde-
pendent evaluation that was undertaken to
examine the outcomes of this novel psycho-
social intervention.

ARTICLE SUMMARY

Article focus
▪ Independent analysis of a programme where

children with cancer make a movie about their
radiation therapy experience.

▪ Qualitative description of semistructured inter-
views with parents of programme participants.

Key messages
▪ A range of benefits were attributed to making a

movie including reductions in the child’s anxiety
and increased willingness to receive treatment.

▪ Further benefits were attributed to sharing the
movie including maintaining social engagement
and aiding school reintegration.

▪ The family and others in the child’s social
network also benefited.

Strengths and limitations of this study
▪ Independent analysis by a team experienced in

healthcare evaluation.
▪ Open-ended questions yielded rich information.
▪ Only the perspectives of parents were analysed,

not those of the children themselves.
▪ Only parents of children with favourable treat-

ment outcomes were interviewed.

iTreatments are usually daily, last between 15 and 45 min
and are delivered in an outpatient setting.
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ABSTRACT
Objectives: To establish the outcomes achieved by
using an innovative movie-making programme
designed to reduce fear of radiotherapy among
paediatric patients.
Design: Qualitative descriptive evaluation based on
semistructured, qualitative interviews with purposeful
sampling and thematic analysis.
Setting: Tertiary Cancer Centre.
Participants: 20 parents of paediatric patients who
had produced a movie of their radiation therapy
experience and were in a follow-up phase of cancer
management.
Results: Participants attributed a broad range of
outcomes to the movie-making program. These
included that the programme had helped reduce
anxiety and distress exhibited by paediatric patients
and contributed to a willingness to receive treatment.
Other outcomes were that the completed movies had
been used in school reintegration and for maintaining
social connections.
Conclusions: Allowing children to create a video of
their experience of radiotherapy provided a range of
benefits to paediatric patients that varied according to
their needs. For some patients, movie-making offered a
valuable medium for overcoming fear of the unknown
as well as increasing understanding of treatment
processes. For others, the development of a
personalised video offered an important cognitive/
attentional distraction through engaging with an age-
appropriate activity. Together these outcomes helped
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viate the distress that young patients fre-
quently experience during the 7 weeks that
treatment typically occurs.i As part of this
intervention, participating children produce
a short creative video describing each
patient’s journey in their own words. In this
article we present findings from an inde-
pendent evaluation that was undertaken to
examine the outcomes of this novel psycho-
social intervention.
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views with parents of programme participants.

Key messages
▪ A range of benefits were attributed to making a

movie including reductions in the child’s anxiety
and increased willingness to receive treatment.

▪ Further benefits were attributed to sharing the
movie including maintaining social engagement
and aiding school reintegration.

▪ The family and others in the child’s social
network also benefited.

Strengths and limitations of this study
▪ Independent analysis by a team experienced in

healthcare evaluation.
▪ Open-ended questions yielded rich information.
▪ Only the perspectives of parents were analysed,

not those of the children themselves.
▪ Only parents of children with favourable treat-

ment outcomes were interviewed.

iTreatments are usually daily, last between 15 and 45 min
and are delivered in an outpatient setting.
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Movie-Making Program (MMP) 

children produce a short creative video describing
each patient’s journey in their own words
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Patient’s compliance in Interventional Radiotherapy
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Patient’s compliance: 
the Art 4 ART project 
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Sensorial experience during patient disease journey
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