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Abstract

Purpose Proton therapy could minimize the risk of side effects and, therefore, reduce the possible detrimental effect on
health-related quality of life (HRQOL) of re-irradiation. The aim of this study was to determine the effect of re-irradiation
with active scanning proton therapy on recurrent glioblastoma (GBM) in terms of HRQOL scored by the European Organiza-
tion for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ)-C30 and EORTC Quality of Life
Questionnaire Brain Cancer Module (QLQ-BN20).

Methods Thirty-three patients with recurrent GBM were re-irradiated with active scanning proton therapy. Subscales within
the EORTC QLQ-C30 include five functional scales, six single-item scales, and global QoL. The BN20 assessed visual
disorders, motor function, communication deficit, various disease symptoms, treatment, toxicity, and future uncertainty. The
patients completed the questionnaires before starting proton therapy, the last day of proton therapy, and at every follow-up
visit until progression of disease.

Results The treatment was associated with improvement or stability in most of the preselected HRQOL domains. Global
health improved over time with a maximum difference of six points between baseline and 3-months follow-up. Social func-
tioning and motor dysfunction improved over time with a maximum difference of eight and two points, respectively. We
showed a non-significant decrease in cognitive and emotional functioning. Fatigue remained stable during the analysis such
as the other preselected domains.

Conclusions Re-irradiation with proton therapy is a safe and effective treatment in patients with recurrent glioblastoma.
Proton therapy does not negatively effect on HRQOL, but rather it seems to preserve HRQOL until the time of disease
progression.
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Introduction

Glioblastoma (GBM) is the most common and aggres-
sive primary brain tumor in adults [(Central Brain Tumor
Registry of the United States (CBTRUS) 2010)]. Despite
advancements in surgery, medical therapy, and radiation
therapy (RT), the prognosis remains poor with a median
survival of 15 months (Koshy et al. 2012). To date, surgery
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followed by RT with concomitant and adjuvant temozolo-
mide (TMZ) is the standard of care for newly diagnosed
GBM; however, nearly all patients ultimately recur within 2
cm of the resection margin (Minniti et al. 2010). Treatment
options at relapse/progression are limited and include sur-
gery, second-line chemotherapy, re-irradiation, or a combi-
nation of these. Treatment decision-making is based on type
of progression, extent of recurrence, performance, and neu-
rological status of the patient; regardless the type of treat-
ment, median 6-month progression-free survival is 40-50%
(Kazmi et al. 2019; Amelio and Amichetti 2012). Re-irra-
diation is an effective strategy, but is usually employed for
small lesions and has the potential risk of both early and
late side effects that could adversely affect the quality of life
(QoL) of the patient. Among these, radionecrosis is prob-
ably the most relevant with an estimated incidence of 5-30%
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(Amelio and Amichetti 2012; Navarria et al. 2019). Despite
the plenty of data regarding GBM re-irradiation, the issue
regarding the assessment of patients’ QoL is under evaluated
in the majority of series (Scoccianti et al. 2018; Ryu et al.
2014). Proton therapy (PT), thanks to the typical dose fall
off of the Bragg peak, could minimize the risk of side effects
compared to conventional photon therapy, allowing the treat-
ment of larger recurrent tumors and ultimately reducing the
possible detrimental effect of re-irradiation on QoL.

In the present study, we report the outcomes of active
scanning PT re-irradiation of recurrent GBM in terms of
QoL scored by the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire (EORTC
QLQ)-C30 and EORTC Quality of Life Questionnaire Brain
Cancer Module (QLQ-BN20). Data have been prospectively
collected and analyzed retrospectively. The protocol was
reviewed and approved by the local ethics committee (Eth-
ics committee for clinical trials, Azienda Provinciale per i
Servizi Sanitari, Trento, Italy).

Materials and methods
Patients and treatment

Between January 2015 and December 2018, 33 consecutive
patients with recurrent GBM were re-irradiated with active
scanning PT at our institution. Patients aged > 18 years
with adequate renal, hepatic, and hematologic function,
previously histologically confirmed GBM, KPS (Karnofsky
performance status) > 60, time from last radiotherapy >3
months, were eligible for proton therapy. Exclusion criteria
were poor KPS and multifocal progression. All patients had
been previously treated with photon radiotherapy (60 Gy in
30 fractions) with concomitant and adjuvant TMZ. Median
age and KPS at re-irradiation were 53 years (range 30-68)
and 80, (range 60—100), respectively. Target definition was
based on computed tomography (CT), magnetic resonance
imaging (MRI) with contrast, and fluoro-18-L-dihydroxy-
phenylalanine PET (18F-DOPA PET) imaging. Gross tumor
volume (GTV) included any area of enhancement on MRI
plus any pathological PET uptake regions. Clinical target
volume (CTV) was generated by adding to the GTV a 3-mm
uniform margin manually edited out of anatomical barriers
to microscopic tumor spread. The CTV was expanded by
3—4 mm to create the planning target volume (PTV). Median
CTV and PTV were 75 and 118 cc, respectively. All patients
received 36 GyRBE (RBE: relative biologic effectiveness)
in 18 fractions, with concomitant TMZ in 7 patients (25%).
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Health-related QOL (HRQOL) assessment

The HRQOL was assessed by European Organization for
Research and Treatment of Cancer (EORTC) Quality of
Life Questionnaire Core-30 (QLQ-C30, version 3) (Aar-
onson et al. 1993) and EORTC Quality of Life Question-
naire Brain Cancer Module (QLQ-BN20) (Taphoorn et al.
2010a). Subscales within the EORTC QLQ-C30 include
five functional scales (physical, role, emotional, cogni-
tive, and social), three symptoms scales (nausea, vomit-
ing, and fatigue), six single-item scales (insomnia, appe-
tite loss, constipation, diarrhea, dyspnea, and financial
effect of tumor/treatment), and global QoL. The BN20
is specifically developed for brain patients and assessed
visual disorders, motor function, communication deficit,
various disease symptoms, treatment, toxicity, and future
uncertainty.

The EORTC QLQ-C30 was scored according to the
European score manual (Fayers et al. 2001); a higher posi-
tive score on a functional scale or on the global health
status scale represents improved functioning, whereas
higher scores on symptom scales and single-item scales
represent a high level of symptomatology/difficulty. The
QLQ-BN20 was scored likewise to the QLQ-C30; higher
score is associated with clinical deterioration.

The patients completed the EORTC questionnaires
before starting PT (70), the last day of PT (1), and every
follow-up visit [1-month (#2), 3-months (z3), and every 3
months thereafter] until progression of disease. Seven out
of 33 patients were not evaluable: 3 experienced disease
progression before 73; the remaining 4 patients, because of
the neurological and psychological status, were not able or
did not agree to fill the questionnaires despite being still
without evidence of progression. The twenty-six patients
who completed at least three questionnaires before disease
progression were included in this analysis. We analyzed
Qol data up to 3-month follow-up, because at this time
point, most of the patients were free of progression; con-
sidering that the median progression-free survival was 5.9
months, the analysis at 6- and 9-month follow-up could be
misleading, because most of the patients already experi-
enced tumor progression.

Statistical analysis

Survival (OS) and progression-free survival (PFS) after
re-irradiation were calculated from initiation of PT until
tumor progression or death (by any cause), according to
the Kaplan—Meier method.

HRQOL was measured with two questionnaires: the
European Organization for Research and Treatment
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of Cancer (EORTC) Quality of Life of Cancer Patients
(QLQ-C30) and the EORTC QLQ Brain (QLQ-BN20).
From these questionnaires, we preselected nine outcome
indicators as measures of quality of life on nine domains:
physical functioning, cognitive functioning, social func-
tioning, emotional functioning, motor dysfunction, com-
munication deficit, fatigue, insomnia, and global health.

Change during time of the nine outcome domains was
tested with repeated measures ANOVA, performed on each
domain with linear mixed models. We further used linear
mixed models to investigate the effect of different vari-
ables (age at proton therapy, CTV and PTV size, chemo-
therapy, use of steroids at the beginning of the PT, start of
steroids use during the PT, and time between two radiation
treatments) on the nine outcome domains and their change
during time.

All analyses have been performed with R statistical
software (R Core Team 2016; Pinheiro et al. 2016).

According to Osoba et al. (1998), a deviation in an indi-
vidual score by 5-10 points indicated a slight change, by
10-20 points indicated a moderate change, and by > 20
points represented a high clinical relevance. Furthermore,
a change of > 10 points was classified as the minimum
clinically meaningful change (Minniti et al. 2013).

Results

All patients completed the treatment without breaks. Dur-
ing follow-up, three patients (9%) developed radionecrosis
(diagnosed at imaging) with mild symptoms controlled
with steroids (grade 2 according to Common Terminology
Criteria for Adverse Events version 4.0). The median PFS
was 5.9 months, while the 3-, 6- and 9-month PFS rates
were 90%, 45% and 11%, respectively. Median OS after
PT was 8.7 months, while the 6-, 9- and 12-month survival
after PT rates were 100%, 45% and 33%, respectively. One
patient did not die due to tumor progression.

Questionnaire response rate and patient
characteristics

Before starting PT all patients completed the question-
naires. The response rate among patients was 100% at
t1, 89% at 12 (1 month) and 64% at t3 (3 months), which
seems an acceptable response rate level considering the
histology and the nature of the treatment. The character-
istics of the patients who completed HRQOL assessments

Table 1 Patient characteristics

Number of patients 26
Gender
Male 18
Female 8

Age at re-irradiation (years)

Median 534
Range 30-69
KPS at re-irradiation
Median 80
Range 60-100
Time to previous radiotherapy (months)
Median 21.3
Range 5-96
Tumor location
Left side 13 (50%)
Temporal 4
Frontal 4
Occipital 3
Parietal 2
Right side 13 (50%)
Temporal 2
Frontal 7
Occipital 2
Parietal 2
Concomitant temozolomide 7 (25%)
Use of corticosteroids during treatment 19 (76%)
Target volumes (em®)
Median clinical target volume 75 cc
Median planning target volume 118 cc

at baseline (#0) and at least three additional assessment
(t1-3) are shown in Table 1.

HRQOL changes during proton therapy treatment
(t0-t1)

The treatment was associated with a substantial stability
in all the preselected HRQOL domains without a detri-
mental effect on QoL, although there were no statistically
significant changes recorded in global QOL for any of
the subgroups observed. Despite none of the subscales
showing a minimum clinically meaningful change (> 10
points), a near-meaningful positive change (> 5-10 points)
was seen in social functioning (8.3 points; p: 0.067); also
global health scale increased at the end of PT (6.3 points;
p: 0.067). Cognitive and emotional functioning scales
were associated with a not significant negative change (<5
points); the remaining ones were associated with a positive
change, although < 5 points (Fig. 1).
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Fig.1 HRQOL changes. Changes over time in mean health-related quality of life. Questionnaires were completed at the beginning of radiation
therapy (StartPT), at the end of radiation therapy (EndPT), one month (+ 1 m) and three months (+ 3 m) after the end of radiation therapy

HRQOL changes during follow-up (t1-t3)

The analysis of HRQOL during follow-up confirmed that
there was not a detrimental effect of PT re-irradiation on
HRQOL (Fig. 1). None of the domains showed a minimum
clinically meaningful change (> 10 points); global health
and social functioning scales confirmed a positive change
(2.5 points; p: 0.6 and 3.4 points; p: 0.5, respectively) at the
last follow-up analyzed (¢3) together with a motor dysfunc-
tion subscale that showed a positive increase of 2.3 points

(p: 0.4).

Patient and treatment characteristics influencing
HRQOL

The irradiated CTV had a significant effect on QLQBN_

Motor (p =0.009) and QLQC30_Social (p =0.041) values;
a CTV increase of one cc was associated with an average
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decrease of 0.27 and 0.26 points on the QLQBN_Motor
and QLQC30_Social scale, respectively. Concomitant
chemotherapy significantly impacted the QLQC30_Phys-
ical values; patients who received PT and concomitant
TMZ had clinically better baseline QLQC30_Physical val-
ues compared with patients who received PT alone (82.4
vs 65.16 points, respectively); however, they showed a
more relevant decrease during the analyzed time points
(p=0.018). The use of steroid before PT was associated
with worse values in QLQC30_Physical e QLQBN20_
Motor scale at baseline (76.6 and 66 points, respectively)
compared with patients who start treatment without ster-
oids (81.4 and 87.2, respectively); however, also in this
subgroup of patients, the re-irradiation with PT was not
detrimental in terms of QoL (Table 2). Finally, we ana-
lyzed the impact of radionecrosis in terms of HRQOL
without finding any statistical correlation.
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Table 2 Patient and treatment characteristics influencing HRQOL

QLQC30_Social

QLQBN20_Motor

Coeff p value Coeff p value
z=CTYV (clinical target volume)
Intercept 61.1 96.4
Time
End of treatment 26.0 0.468 —4.3 0.445
1 month after 21.1 - 163
3 months after 13.1 —-3.8
z 0.1 0.788 -0.27 0.009
z X time
End of treatment -0.2 0.041 0.09 0.110
1 month after -0.2 0.1
3 months after -0.1 0.01
QLQC30_Physical
Coeff p value
z=concomitant chemotherapy
Intercept 65.1
Time
End of treatment 0.00 0.302
1 month after 4.2
3 months after - 104
z 17.2 0.125
Z X time
End of treatment 2.5 0.018
1 month after —15.2
3 months after 12.2
QLQC30_Physical QLQBN20_Motor
Coeff p value Coeff p value
z=steroids before proton therapy
Intercept 81.4 87.2
Time
End of treatment 2.7 0.468 -35 0.448
1 month after -3.6 - 6.1
3 months after - 1.7 —-4.1
z -25.1 0.002 —-211 0.031
z X time
End of treatment —-4.3 0.123 114 0.483
1 month after 7.2 4.1
3 months after —-13.0 0.8

Results from linear mixed models to investigate the effect of patient and treatment characteristics (CTV, concomitant chemotherapy, steroids
before proton therapy) on time changes of outcome indicators (QLQC30_Social, QLQBN20_Motor, and QLQC30_Physical). Results most inter-
esting from a clinical point of view are shown. CTV has a negative effect on QLQBN20_Motor and a differential effect on QLQC30_Social
time behavior. Concomitant chemotherapy shows a differential effect on QLQC30_Physical time behavior. Steroids before proton therapy have a
negative effect on QLQC30_Physical and QLQBN20_Motor

Statistically significant p are in bold (p < 0.05)
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Discussion

Despite an aggressive multimodality strategy, almost all
patients with GBM inevitably recur. Second-line thera-
pies for these cases are scant and their effectiveness poor.
Nowadays, re-irradiation is not only considered as a pal-
liative treatment, but in selected cases, it could have a
favorable impact in terms of local control and overall sur-
vival, at least comparable to the second-line chemotherapy
regimens (Amelio and Amichetti 2012; Scoccianti et al.
2018)]. Due to a risk of acute and late side effects, careful
selection of eligible patients for treatment should be done
also to preserve the QoL of this population. In general,
patients suitable for re-irradiation have small lesions and
good performance status. The literature on QoL after re-
irradiation of recurrent GBM is sparse, and often, QoL
metrics have not been used as the endpoint for clinical
trials, but increased interest is emerging and the results
seem to highlight the safety and the not detrimental effect
of re-irradiation in all HRQOL domains (Ernst-Stecken
et al. 2007; Wick et al. 2014).

Ernst-Stecken et al. prospectively evaluated the efficacy
and QoL of hypofractionated stereotactic RT for recurrent
GBM with a regimen of 7 Gy X 5 fractions in 15 patients
with a median PTV of 22.4 cc; QoL remained stable in
two-thirds of the patients for a median time of 9 months
(Ernst-Stecken et al. 2007). Wick et al. compared in a
phase II randomized study re-irradiation (36 Gy; five times
2 Gy/week) vs re-irradiation + APG101 (CD95L-binding
protein) in 91 patients in terms of efficacy and toxicity:
no clinically meaningful or statistically remarkable dif-
ferences between the two groups over time in any of the
scales were observed (Wick et al. 2014).

Thanks to its better dose distribution compared to con-
ventional photon therapy, PT could minimize the risk of
side effects, allowing the treatment of larger recurrent
tumors without increasing the possible detrimental effect
of re-irradiation on QoL.

To date, only two studies have evaluated the efficacy
and safety of fractionated PT for recurrent glioblastoma
with encouraging results in terms of local control and tox-
icity, but without reporting the impact of treatment in QoL
(Mizumoto et al. 2013; Galle et al. 2015).

The present analysis is the first that reports the effect of
re-irradiation with PT for large recurrent GBM in terms of
changes in HRQOL. The preliminary results of this study
were presented in 2018 at the National Conference of the
Italian Association of Radiotherapy and Clinical Oncology
(AIRO) (Scartoni et al. 2018a), at the European Associa-
tion of Neuro-Oncology meeting (Scartoni et al. 2018b)
and at the European Society for Radiotherapy and Oncol-
ogy meeting in 2019 (Scartoni et al. 2018c).
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According with studies mentioned above, our results
confirm that re-irradiation PT does not negatively affect
HRQOL despite the large size of recurrence; indeed, our
irradiated volumes were significantly larger compared with
previous published studies (clinical target volume range,
21.8-259.1 cc vs 5-50 cc) (Amelio and Amichetti 2012).
All preselected domains remained stable during the ana-
lyzed time points, even though without a minimum clini-
cally meaningful change. However, several near-meaningful
improvements have been registered, rather suggesting that
PT seems to preserve HRQOL until the time of disease
progression.

Interestingly, Global Health and Social Functioning score
increased at the end of proton therapy (p =0.067) and at
the last follow-up (#3). Increased Global health over time
in our group may have been the result of various effects.
It is conceivable that RT may preserve HRQOL, but other
factors like tumor response to treatment may influence the
response rate. Emotional and cognitive scales were associ-
ated with a not significant negative change during treatment
(10—t1), probably because patients perform treatment away
from home and the nostalgia could have an impact on this
together with the need to stop their everyday life (i.e., daily
activities and interests).

Moreover, previous studies demonstrated that HRQOL
decreased in patients with glioma who suffered from fatigue
(Taphoorn et al. 2010b; Aprile et al. 2015)] that typically
increases markedly during and after the end of RT (Bitterlich
and Vordermark 2017); conversely, in our study, there was
not a significant increase in fatigue during and after the end
of PT, and fatigue did not have a negative impact in terms
of QoL.

Several patient factors, such as tumor location (Hahn
et al. 2003), presence of mood disorder (Litofsky et al.
2004), and gender (Mainio et al. 2006), may have an impact
on QoL in patients with GBM, although in our analysis, we
did not observe any significant correlation between these
factors and changes in QoL.

Regarding treatment characteristics, RT may decrease
QoL in correlation with adverse effects such as hair loss,
fatigue, somnolence, or cognitive problems (Walker et al.
2003), and the negative effects of corticosteroid use on neu-
rocognitive function and/or QoL are well documented in
healthy subjects (Lupien et al. 1999; Young et al. 1999);
conversely, the addition of TMZ seems to have not a sig-
nificant negative effect on QoL measures, except on social
functioning (Taphoorn et al. 2005).

In our study, larger CTV and the use of steroids before PT
were associated with a negative effect on QoL; this observa-
tion is not surprising, because use of steroids is frequent in
patients with a lower performance status and neurological
deficits that, obviously, could negatively impact the patient’s
well-being.
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Finally, reduction of corticosteroid dependence is
reported as an indirect measurement in estimating the effect
on QoL as well as neurological improvement (Neider et al.
1999); in our series, one-third of patients reduced the use of
steroids during and after the re-irradiation confirming the
favorable effect on QoL.

Despite our analysis being comprehensive, there are
limitations such as the retrospective nature of the study and
small size of patient population. At the same time, is worth
noting that enrolled patients had similar characteristics,
which were treated homogeneously, and data were collected
prospectively.

Conclusion

Re-irradiation with PT is a safe and effective treatment
for large recurrent GBM with good performance status;
the treatment does not translate into a negative effect on
HRQOL,; rather, it seems to preserve HRQOL until the time
of disease progression. Additional studies are necessary to
confirm these results, possibly integrating basic cognitive
screening such as Mini-Mental Status Exam, which could
make the assessment even more accurate.
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