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Purpose: Proton therapy (PT) can be a good option to achieve tumor control while reducing
the probability of radiation induced toxicities compared to X-ray-based radiotherapy.
However, there are still uncertainties about the effects of PT on the organs in direct
contact with the irradiated volume. The aim of this prospective series was to report 6-
month follow-up of clinical and functional optic neuropathy rates of patients treated by proton
therapy using a standardized comprehensive optic examination.

Methods and Materials: Standardized ophthalmological examinations were performed
to analyze subclinical anomalies in a systematic way before treatment and 6 months after
the end of proton therapy with: Automatic visual field, Visual evoked potential (VEP) and
optic coherence of tomography (OCT).

Results: From October 2018 to July 2020 we analyzed 81 eyes. No significant differences
were found in the analysis of the clinical examination of visual functions by the radiation
oncologist. However, considering VEP, the impairment was statistically significant for both
fibers explored at 30’angle (p:0.007) and 60’angle (p <0.001). In patients with toxicity, the
distance of the target volume from the optical pathways was more important with a p-
value for 30°VEP at 0.035 and for 60°'VEP at 0.039.

Conclusions: These results confirm uncertainties concerning relative biological
effectiveness of proton therapy, linear energy transfer appears to be more
inhomogeneous especially in areas close to the target volumes. The follow-up of
patients after proton therapy is not an easy process to set up but it is necessary to
improve our knowledges about the biological effects of proton therapy in real life. Our
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study which will continue during the coming years, suggests that follow-up with in-
depth examinations such as VEP as a biomarker could improve the detection of

early abnormalities.

Keywords: proton therapy, radiation-induced optic neuropathy, optic toxicity, optic pathway tolerance,

radiation neuropathy

INTRODUCTION

The treatment of skull base tumors often relies on surgery and
radiotherapy (1, 2). The delivery of a high dose to the tumor
nearby organs at risk (OAR) such as optic nerves and chiasma can
be challenging. Consequences of radiation induced optic toxicities
are various and may induce a loss of visual acuity, visual field
disorder or retinopathy. These anomalies can appear from 3
months to 10 years after radiotherapy (3). Radiation-induced
optic neuropathy (RION) is defined by a painless defect of visual
acuity, in one or both eyes after a latency of months to years after
radiotherapy (4). Due to damages to the optic nerve, the visual
field is reduced to a variable extend. According to the literature,
optical toxicities appear from a cumulative dose between 55 to
60Gy (EQD?2) or for single fraction greater than 10Gy (5-7). Most
treatments are still carried out by X-ray. Although new photonic
techniques allow excellent coverage of target volume and a better
respect of OAR’s dose constraints (8-10) than conventional
technics. In complex or large tumors involving areas in direct
proximity of the anterior optic pathways, damage to the optic
structures may be frequent and somehow unavoidable. The
advantageous dose distribution of proton may be used to spare
OARs located close to the tumor (11-13) and to spare healthy
brain. In such cases, the aim of proton therapy (PT) is to achieve
tumor control while reducing the probability of radiation induced
toxicities compared to modern X-ray-based radiotherapy (RT),
such as intensity modulated radiation therapy (IMRT) or
stereotactic radiation therapy (SRT). However, there are still
uncertainties about the effects of PT on the organs in direct
contact with the irradiated volume, in particular regarding
relative biological effectiveness (RBE). Indeed RBE could be
underestimated at the beam end due to high linear energy
transfer (LET) (14). Proton therapy series report a 7% risk to
develop severe optic neuropathy (15). These rates may be
underestimated because data are generally based on patient’s
spontaneous reporting instead of systematic and standardized
collection. Moreover, these optic toxicities do not appear to follow
the previously established dose volume effects for optic
neuropathy, based on photons irradiation (X-rays).
Consequently, proton induced optic toxicities may differ from
those of photons. Only few data are published, mainly
retrospective (15-18). As an attempt to fill this gap we
designed, in the context of our rising proton therapy activity, a
prospective and comprehensive assessment of optic outcomes
using a standardized optic workup at baseline and during
patients’ follow up. The aim of this study was to find predictive
early subclinical alterations because when radiation induced optic
disorder are clinically significant, they are unfortunately

irreversible. An additional aim, at the populational scale could
be to contribute to improve biomathematical modelling for
outcome predictions, and therefore treatment planning
optimization, for safer treatments.

Accordingly, this prospective series is an initial and
preliminary report of 6-month follow-up of clinical and
functional optic neuropathy rates of patients treated by proton
therapy using a standardized comprehensive optic examination.

METHODS AND MATERIALS

Population Analysis

The first comprehensive optic examination (optic Work-up) was
performed in October 2018. Patients > 18 years old, with tumors
(benign or malignant) within lcm of the optic tract were
included in this Institutional Review Board approved study,
after multidisciplinary staff meeting and technical expert
committee meeting. An information letter is sent to each
patient informing them that data from patients treated with
proton therapy in Caen were related to clinical research. Patients
were referred from multiple institutions but all were treated at
the Normandy proton therapy center (Caen, France) and
underwent optic examinations at the University hospital of
Caen. Exclusion criteria were pediatrics, secondary or
intraocular tumors and refusal to undergo optic examinations.
To properly assess dose volume effects and the impact of
previous damage from tumor, surgery, or any other treatment
on the optic nerves, chiasm, and other optic structures, we
adjusted outcomes on status before PT. Past medical history,
treatments and comorbidities were reported, some have been
recognized as risk factors for RT induced toxicities: diabetes,
hypertension, glaucoma, smoking for example.

Tumors and Location

Tumor diagnoses were distributed into different groups:
meningiomas, pituitary adenoma, craniopharyngioma and
other rarer diagnoses. The minimal distance to optical
structures was assessed and tumors were separated in three
groups: those invading or abutting the optic pathways, tumors
located between 0 and 3mm from the optic pathway and tumors
between >3 and 10mm.

Treatment

Tumor and OAR delineation was based on millimetric CT scan
and multimodal imaging including systematically a contrast
enhanced fusion MRI in treatment position. Proton therapy was
performed using pencil beam scanning (PBS) with a ProteusOne®

Frontiers in Oncology | www.frontiersin.org

June 2021 | Volume 11 | Article 673886


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lecornu et al.

Assessment of Proton Therapy

machine (IBA, Louvain la Neuve, Belgium). PBS corresponds to a
three dimensions scanning obtained by successive plan scanning
done by individually modulated mono-energy beams of adapted
energy (19). First treatments were delivered in IMPT (Intensity
Modulated Proton therapy) with Single field optimization (SFO)
and after one year, IMPT multiple field optimization (MFO) was
applied when necessary, depending on OAR (Organ at risk)
constraints (20). During the planning process we checked that
the end of the beam range was never in front of the optical
structures. The intensity of the spots and their location were
analyzed. In case of positioning of spots too intense in the heart of
a volume at risk this was modified. The LET mapping was not
routinely performed before treatment because the software did
not allow it. The treatment plan was calculated using robust
optimization (assuming 3mm positioning uncertainty and 3%
proton range uncertainty unless filling cavity uncertainties) (21)
using the Treatment planning system (TPS) Raystation
(Raysearch®). We performed also a robust evaluation.
Calculations includes a 1.1 relative biological effectiveness.
Treatment was delivered in 1.8-2Gy (RBE) fractions, five days a
week. Some patients benefited from a combination of photon and
proton treatment. In some cases, a boost dose of 12 to 21.6Gy in
2.4Gy per fraction was delivered by SRT by a Cyberknife®
machine (Accuray, Madison, WI, USA). These were applied
because they represented a dosimetric advantage. In the event
of beam downtime and so as to hold the tumor control
probability, some patients underwent photon-based replanning
until PT resumed.

Practical Ophthalmological Examinations
A standard clinical examination was carried out by radiation
oncologist including: subjective deficit of visual acuity,
oculomotor nerve disorders and visual field disorder. Then, he
prescribed the complementary follow-up examinations. Each
patient was addressed to the ophthalmologist who performed
in first, clinical exam with: photo-motor reflex, a measure of
visual acuity, a dilated fundus and a measure of lens opacity.

More specific examinations were systematically performed: a
visual field exam, papillary optical coherence tomography
(OCT), and visual evoked potentials.

The visual field corresponds to the entire area that a person
can see when looking at a point. The average corrected deficit
was collected allowing to make a discrimination between normal
and pathological examinations and specially to obtain a follow-
up for each patient. If the average corrected deficit was more than
3 points different from the general population, the result was
considered pathological. Visual field tests results can help to
determine the location of the radiation-induced damage. In
order to specify the available data concerning the visual field,
the perimetry has been detailed in 6 sectors to allow locating the
anomalies: nasal, upper nasal, lower nasal, temporal, lower
temporal and upper temporal.

Patients also benefit from a measurement of visual evoked
potentials (VEP). VEP is the physiological response of the
occipital cortex to a sensory stimulus of vision. Latency and
amplitude are evaluated. VEP provide information about optic
neuritis (22). We collected P100 data for each eye and for the 60’

and 30’ visual angles to obtain data from different macular fibers.
The latency of the P100 (Figure 1) wave was considered
pathological if it was greater than 120ms. The amplitude was
considered pathological if it was less than 6 microvolts. If the
disorders were symmetrical on the right and left occipital lobe, it
was an impairment of the anterior optic pathways.

The Optical coherence tomography (OCT) was performed to
obtain high resolution images of the retina. Measurement of
retinal nerve fiber layers (RNFL) is used to assess optic nerve
fiber damage. A fiber thickness of less than 60um was
considered pathological.

At the end of this paraclinical assessment, the patient was
seen in consultation with an ophthalmologist.

Follow-Up
Prospective assessment was performed at baseline, i.e. before PT,
6 and 12 months after the end of treatment, and every year.

Clinical exam and MRI or CT were performed every 3 months
after PT.

Statistical Analysis
Qualitative parameters were described as frequency and
percentage, quantitative parameters as median and interquartile
range. Normality of the distribution was investigated with
Shapiro-Wilks test. The comparisons of qualitative parameters
from TO to T6 were performed with Mac-Nemar test (paired Chi-
squared test). Eyes with and without toxicity were compared by
Chi-squared test or Fisher Exact test for qualitative parameters
and with Wilcoxon U test for quantitative ones.

Significance level was set at 0.05. Statistical analyses were
performed with SAS software, version 9.4 (SAS Institute Inc.,
Cary, NC, USA.).

RESULTS

From October 2018 to July 2020 we recruited 41 patients for this
study. Sixty patients were initially eligible, but 2 patients were
deceased, 2 were too impaired to perform the follow-up. One
patient was no longer living in France, 7 ophthalmological
examinations has been cancelled because of the global
pandemic COVID-19 and 7 exams are missing because the
patients did not show up. The median follow-up time was 8
months, interquartile range from 7 to 9 months. In Table 1 are
summarized the patients’ baseline characteristics. Most patients
were treated for meningiomas (53.7%). Clinical deficits were
initially in 13 (31.7%) patients. The median age was 57 years old
{19-92}. Most of patients (73.2%) had already undergone at least
one local treatment: 27 patients (65.9%) were treated with at least
one surgery and 3 (7.3%) with previous radiotherapy. We
included these 3 patients because the doses received at the
previous optical structures were not significant. Two patients
had a rather distant irradiation (maxillary and cervical). The
third patient had already received 66Gy on the same volum but
had no toxicity from his previous irradiation 5 years earlier. The
eleven remaining patients received radiotherapy as first line
treatment. The tumor abutted or invaded the optic tract (in
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the case of malignant tumors) in 23 patients (56%), ie., the
distance to the optic tract was 0Omm on MRI. Considering PT, the
majority of patients received single field SFO (single field
optimization) type PT (92.7%). Some patients received
treatment with photon. On 41 patients, 18 patients received a
combined photon-proton therapy. For 15 patients it was due to
machine failure. Three patients had benefited from an additional
dose of 12 and 21.6Gy in stereotactic condition with 2.4Gy per
fraction. Boost were applied because it was represented a
dosimetric advantageous. The Table 2 summarized the
treatment characteristics of the patients.

Radiation Oncologist Examination

We analyzed specifically the evolution of results of the clinical
examination by the radiation oncologist. No significant difference
was found. Results clinical examination by radiation oncologist at
baseline and after 6 months were summarized in Table 3.

Ophthalmological Examinations

Results of ophthalmological examinations are summarized in
Table 4. They were analyzed by eye, so we had 81 eyes for 41
patients because 1 patient undergone an enucleation. Concerning
baseline’s results, 11% of patients had a loss of visual acuity. At 6

200 200 ns

FIGURE 1 | Visual evoked potential. The green curve corresponds to the nerve signal born in the visual cortex of the right occipital lobe. The blue curve corresponds
to the nerve signal born in the visual cortex of the left occipital lobe.The abscissa shows the time in milliseconds. On the ordinate is the amplitude of the wave in

months, there was no significant difference since visual deficit was
found in 12.4% of eyes. Concerning the visual field, the impairment
severity decreased over time. In fact, the number of eyes with more
than 3 sectors affected was 8.6% at 6 months compared to 23.5% at
baseline. However, the analysis of the mean corrected deficit did
not show a significant difference with p-value: 0.317.

The initial deficit of VEP for 30’ fibers represented 33 eyes
(41.8%) and at 6 months VEP deficit affected 47 eyes (59.5%).
Twenty-seven (33.3%) 60° VEPs were abnormal at baseline and
44 (55.7%) at 6 months. This impairment was statistically
significant for both fibers explored at 30" and 60’ angles with a
p-value of 0.007 and <0.001 respectively.

Analysis of the results for optical coherence tomography
(OCT) did not reveal any significant difference.

On Fifty-three 60° VEP normal at baseline 21 became
pathological after 6 months of follow-up. For the 30" VEP, 45
eyes were normal prior to treatment, and 18 of them developed
toxicity. We compared for the 30" VEP and 60’ VEP those that
remained normal compared to those that became pathological
after proton therapy.

Distance from optical structures was a significant factor
influencing the evolution of VEP in both groups, with a p-
value for 30°’VEP at 0.035 and for 60’VEP at 0.039. In fact,
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TABLE 1 | Population baseline characteristics.

n (%)
WHO performance status
0 30 (73.2)
1 9(21.9)
2 2(4.9)
Age (years), Median [interquartile range] 57 [43; 63]
Sex
Male 15 (36.6)
Female 26 (63.4)
Months since diagnosis: Median [interquartile range] 12[4-50]
Comorbidities 22 (53.7)
Diabetes 3(7.4)
Hypertension 10 (24.4)
Smoking 10 (24.4)
Vascular disease 6 (14.6)
Histology
Meningioma 22 (53.7)
Adenoma/craniopharyngioma 7(17.1)
Other 12 (29.3)
Initial deficits 13 (31.7)
Previous treatment history 28 (68.3)
Radiotherapy 3(7.93)
Surgery 27 (65.9)
Enucleation 1(2.4)
Medical treatments 4(9.8)
Chemotherapy 3(7.5)
Immunosuppressor 1(2.4)
Distance of optical structures
Oomm 23 (56)
0-3mm 8(19.5)
>3mm 10 (24.4)
Glaucoma 2 (4.9
Clinical exam
Neurological deficit 17 (41.5)
Oculomotor deficit 12 (29.3)
VA deficit 10 (24.4)
VF deficit 9 (22

WHO, world health organization performance status; n, number of patients; VA, visual
acuity; VF, visual field.

patients whose tumors were in direct contact with the optical
pathways, 30" VEP and 60’ VEP were less affected.

Treatment history i.e. radiotherapy or surgery were more
frequent for patients with toxicity on 30° VEP (p= 0.017). The
results are summarized in Table 5.

TABLE 2 | Characteristics of treatment for 41 patients.

For 60" VEP, the dose received by 50% of the volume of the
chiasma (D50%) was significantly higher in patients with toxicity
(p=0.04), the D2% for optic nerve was also more important,
51.2Gy for eyes with toxicity and 41.9Gy for eyes free of injury, p:
0.042. Age appeared to be an influenced factor with p= 0.057.
The results are summarized in Table 6.

DISCUSSION

Optical toxicities may limit the treatment of tumors of the skull-
base. Proton therapy is a good option to reduce the irradiated
volume of healthy brain. However, there are still some debate
about the effects of proton therapy on the organs in direct contact
with the irradiated volume, particularly because of uncertainties
of RBE and linear energic transfer. In the treatment of para optic
tumors, RION is the main limiting toxicity and its detection
needs a careful follow-up so as to ensure an early detection and
ophthalmological care. Unfortunately, data for monitoring visual
function after these treatments are rare and incomplete (23). The
difficulty of follow-up is mainly related to the limited number of
proton therapy centers, so the treated population comes from
different remote regions and patients lost to follow-up are
frequent. We tried to obtain a large amount of data by doing
the follow-up in a systematic way but in nearly 30% of cases data
of 6 months examinations were lacking. It can be explained by
the asymptomatic nature of impairment, patients are less
motivated for follow up. Eight ophthalmological examinations
have been cancelled because of the global pandemic COVID-19.
Specific ophthalmological examinations were performed to
analyze subclinical anomalies. The results presented
are exploratory.

As shown by our results, the clinical examination of the
radiation oncologist is not a sensitive examination for the
detection of abnormalities or improvements in visual functions.

Overall, with 6 months of delay we did not observe any
significant increase in optical damage after proton therapy, this
suggests that proton therapy might be a safe and well-tolerated
treatment, at least at short term. This is in agreement with the
results of previous studies that have demonstrated the safety of
proton therapy on visual function at early follow-up.

Proton only

Proton + photon

SFUD

IMPT

Number of beams

1

2

3

Volume CTV (cm3)
Prescription dose (Gy (RBE))

n (%) Median (range)

23 (56)
18 (44)

36 (87.9)
5(12.2)

1(2.4)

38 (92.7)

2(4.9)
26.7 (6.8 to 237.4)
54 (24 t0 73.8)

n, number of patients; SFUD, single field uniform dose; IMPT, intensity modulated proton therapy; CTV, clinical target volume; RBE, relative biological efficiency (considered as 1.1 for protons).
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TABLE 3 | Clinical examination at 0 and 6 months.

Baseline
Oculomotor deficit 12
VA deficit 10
VF deficit 9

VA, visual acuity; VF, visual field.

To our knowledge, few studies have been conducted to analyze
the subclinical effects and long-term consequences of proton
therapy on visual functions. Moreover, these studies were based
on retrospective data and the ophthalmological examinations were
performed only in case of clinical abnormality in a non-
standardized way. In 2018, Li and al published a study
evaluating visual functions after PT for chordoma and
chondrosarcoma, the results involved a large number of patients
with a long-term follow-up of 4.8 years. Considering retrospective
and not standardized data, the low level of optical toxicity reported
was probably underestimated: only 1% among patients receiving
<59Gy (RBE) and 5.8% among patients receiving > 60Gy (RBE) to
the optic pathway developed optic toxicities. In this study, RION
was defined as the loss of visual acuity. However in optic
neuropathy, the decrease of visual acuity is a late sign that is not
necessary for early diagnosis (24).

El Shafie et al. (25), in a prospective study, suggested that
proton therapy was an effective and safe treatment, but only
acute toxicities were assessed. In Kountouri’s data published in
2019, optic toxicity was rare with 7% of patients developing optic
troubles (15), but most of them were severe (8 patients of 14 with
grade IV RION). Given that, in this study, patients did not
benefit from a full standardized ophthalmologic follow up, it
suggests that much more patients could present infra clinical or
low-grade optic impairment.

In our study, the assessment of visual fields showed an
improvement between baseline and the 6-month examination.
These results could be biased by the patient’s learning curve
and requires more follow-up to characterize the objective
evolution over time. The validity of information obtained
from a visual field test depends on the ability of the patient

At 6 months p-value
11 0.66
0.083
6 0.37

to perform the test correctly with caution (26). According to
studies carried out by ophthalmologists as part of glaucoma
follow-up, assessments of the first visual fields were often
impaired due to a lack of reliability. Katz et al. (27) found that
19% of normal, 28% of ocular hypertensives, and 37% of
glaucoma patients were unreliable on their first visual field.
Sherafat et al. (26), in a randomized and controlled trial found
that the use of brief video information about the visual field
test improved the reliability of the results for those being
tested for the first time. In our study this may explain the
trend for improvement in visual field abnormalities at
6 months.

Considering visual evoked potentials, the impairment was
statistically significant for both fibers explored at 30’ and 60’
angles with a p-value of 0.007 and <0.001 respectively.

Visual evoked potential is an important visual electrophysiological
diagnostic exam, which can be used as an objective measure of
optic nerve function. Correlations between the magnitude
of VEP latency parameters and automated visual parameters
have suggested that cortex responses in glaucoma patients
could be tested by electrophysiological methods (28).
Electrophysiology in glaucoma brings valued information,
which detects macular ganglion cell dysfunction and VEP can
be of aid in the evaluation of “glaucoma suspects” even before a
detectable loss appears by visual field examination (29). Visual
evoked potential seems to be the more sensitive exam for
detection of visual toxicity. It can be also an interesting exam
to describe partial radiation’s effects because it explores different
optic fibers.

In our study, D50% was a significant factor in the alteration of
60’VEP. In most of the studies, the dose constraints mainly

TABLE 4 | Summary of abnormal result of each ophthalmological exam for 81 eyes.

DEFICIT T0 T6 p-value
VA 9 (11.1%) 10 (12.35%) 0.564
VF 23 (30.3%) 16 (21.9%) 0.317
Number of sectors impaired:

0 37 (45.68%) 50 (61.73%) 0.027
1-2 15 (18.52%) 15 (18.52%)

3 10 (12.35%) 9 (11.11%)

>3 19 (23.46%) 7 (8.64%)

Cataract 27 (33.33%) 31 (38.3%) 0.165
30’ VEP 33 (41.8%) 47 (59.5%) 0.007
60’ VEP 27 (33.3%) 44 (55.7%) <0.001
OCT 12 (15.6%) 11 (14.9) 1

TO, number of deficits at baseline; T6, number of deficits at 6 months; VA, visual acuity (abnormal if ETDRS <55); VF, visual field (pathological if average corrected deficit different by 3 points
from general population); OCT, optical coherence tomography (abnormal if thickness < 60 micrometers); VEP, visual evoked potentials (abnormal if amplitude < 6 uV or latency > 120ms).
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TABLE 5 | Comparison of patients who experienced VEP toxicity to those who remained normal, analyses for VEP 30°.

Eyes with toxicity n=18

Age (years): Median [interquartile range] 47.4 [41.7,60.5]
Time from diagnostic 46[11;61]
Time from baseline 8.8 [7;9.4]
Sex

1 8 (44.4%)

2 10 (55.6%)
Comorbidities 9 (50.0%)
Histology

Meningioma 9 (560.0%)
Adenoma/craniopharyngioma 4 (22.2%)
Other 5 (27.8%)
Initial deficits 8 (44.4%)
Treatments history 15 (83.3%)
Distance of optical structures

omm 5 (27.8%)
0-83mm 5 (27.8%)
>3mm 8 (44.4%)
Clinical exam

Neurological deficit 6 (33.3%)
Oculomotor deficit 5 (27.8%)
VA deficit 2 (11.1%)
VF 3 (16.7%)
Other 2 (11.1%)
CTV (cm3) 35.7 [10.9;73.2]
Prescription dose 54 [564;59.4]
D1% chiasma 51.3 [47.7;562.1]
D2% chiasma 51.1 [47.2;52]
D50% chiasma 48.2 [40.6;50.7]
Dose per fraction chiasma 1.7 [1.5;1.7]
D1% ON 51.1 [33.5;52.1]
D2% ON 51 [31.5;52]
D50% ON 18.4 [1.4;39]
Dose per fraction ON 1.6 [1.1;1.7]

Eyes without toxicity n=27 p-value
58.4 [50.4;60.8] 0.224
14 [2;51] 0.168
7.81[5.8;8.9] 0.242
6 (22.2%) 0.115
21 (77.8%)
17 (63.0%) 0.388
0.140
21 (77.8%)
2 (7.4%)
4 (14.8%)
10 (37.0%) 0.620
13 (48.1%) 0.017
0.035
18 (66.7%)
4 (14.8%)
5(18.5%)
13 (48.1%) 0.324
12 (44.4%) 0.259
5(18.5%) 0.502
3(11.1%) 0.670
18.7%) -
24.3 [12.6;53.1] 0.108
54 [54;54] 0.447
51.7 [39.2;562.4] 0.651
51.6 [38.9;52.2] 0.577
44.3 [29.7;50.9] 0.685
1.7 [1.2,1.8] 0.468
51.6[11.9;52.2] 0.790
51.1[9.6;52.1] 0.790
13.5[0.4;38.8] 0.635
1.7 [0.4,1.7] 0.785

D1%, D2%, D50% are respectively the doses received by 1%, 2% or 50% of an irradiated volume. ON, Optic nerve.

concerned Dmax or D2% for the optical pathways, considering
as a whole these organs as so-called “serial” organs. In term of
Dmax delivered on optic pathways we were below the dose
constraints usually described since in our study the median
prescription dose to the optic pathways was 54Gy (RBE).
Usually the dose constraint for Dmax is between 54 et 60Gy
(EQD2). But in the study published by Ozkaya et al*, visual field
and contrast sensitivity were affected significantly with a volume
receiving more than 55Gy (V55) >50% of the OAR volume, and a
Dmean > 50Gy. Visual evoked potential latency was affected
significantly with Dmean > 50Gy, D5% > 55Gy, and Dmax >
60Gy. These results are consistent with the VEP toxicities data
obtained in our study.

In our study, we noted no significant change in OCT results
after 6 months of treatment. As report in literature the damage
to the optic nerve observed by the reduction of the ganglion cell
layer and the thickness of retinal fiber revealed by OCT
correlates with the VEP latency parameters (28). However,
these anomalies are later and appear after the impairment of
the visual field. Optical coherence tomography would be more
useful for the characterization of the RIONs found in our
patients but does not seem to be an appropriate screening test
for early toxicities.

The most surprising result observed is the one concerning the
link between optical structures distance and toxicities on VEPs.
Indeed, in patients with toxicity, the distance of the target
volume from the optical pathways was increased. These results
confirm uncertainties concerning RBE of proton therapy, LET
appears to be more inhomogeneous, especially in areas close to
the target volumes.

CONCLUSION

Because of the low demography of proton therapy center, the
follow-up of patients after proton therapy is not an easy process
to set up but it is necessary to improve our knowledges about
the biological effects of proton therapy in real life. Our study
which will continue and expand during the coming years,
suggests that follow-up with in-depth examinations such as
VEP could improve the detection of early abnormalities as a
biomarker. This could allow us to consider, in the future, early
treatments before irreversible consequences appear. Long-term
follow-up is thus necessary to clarify these toxicities.
Collaboration between ophthalmologist and radiation
oncologist is essential to better understand the characteristics
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TABLE 6 | Comparison of patients who experienced VEP toxicity to those who remained normal, analyses for VEP 60’.

Eyes with toxicity n=21

Age (years): Median [interquartile range] 60.5 [42.8;75]
Time from diagnostic 14.2 [4.2;49.3]
Time from baseline 8.9 [7.6;9.2]
Sex

1 9 (42.9%)

2 12 (57.1%)
Comorbidities 10 (47.6%)
Histology

Meningioma 10 (47.6%)
Adenoma/craniopharyngioma 4 (19.1%)
Other 7 (33.3%)
Initial deficits 8 (38.1%)
Treatments history 15 (71.4%)
Distance of optical structures

omm 6 (28.6%)
0-3mm 9 (42.9%)
>3mm 6 (28.6%)
Clinical exam

Neurological deficit 8 (38.1%)
Oculomotor deficit 8 (38.1%)
VA deficit 3 (14.3%)
VF deficit 3 (14.3%)
Other 1(4.8%)
CTV (cm3) 34 [12.6;42.4]
Prescription dose 54 [54;54]
D1% chiasma 51.1 [49.3;52.3]
D2% chiasma 50.9 [49.8;52.2]
D50% chiasma 48.2 [40.6;50.9]
Dose per fraction chiasma 1.6 [1.5;1.7]
D1% ON 52 [43.4;52.3]
D2% ON 51.2 [43;52.2]
D50% ON 22.9[10.8;36.5]
Dose per fraction ON 1.6 [1.4,1.7]

Eyes without toxicity n=32 p-value
52.8 [37;60.2] 0.057
14 [2.3;54.7] 0.723
8.5[6.8;9.5] 0.461
12 (37.5%) 0.696
20 (62.5%)
16 (560.0%) 0.865
0.757
18 (66.2%)
4 (12.5%)
10 (81.3%)
11 (34.4%) 0.782
22 (68.7%) 0.835
16 (50.0%) 0.039
4 (12.5%)
12 (37.5%)
12 (37.5%) 1
10 (31.2%) 0.607
4 (12.5%) 1
3(9.4%) -
2 (6.2%) -
25.5[11.8;107.6] 0.518
54 [54;56.7] 0.992
50.6 [14;52.3] 0.164
50.1 [12.3;52.1] 0.148
42 [1.8;49.2] 0.040
1.6 [0.4,1.7] 0.494
43.3 [15.4;52] 0.028
41.9 [13.6;51.8] 0.042
81[0.4;33.1] 0.120
1.5[0.4;,1.7] 0.098

D1%, D2%, D50% are respectively the doses received by 1%, 2% or 50% of an irradiated volume. ON, Optic nerve.

of optic neuropathies and to pursue research with more specific

and standardized examinations.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by CNIL. The patients/participants provided their
written informed consent to participate in this study.

REFERENCES

1. Apra C, Peyre M, Kalamarides M. Current Treatment Options for
Meningioma. Expert Rev Neurother (2018) 18:241-9. doi: 10.1080/
14737175.2018.1429920

2. Noel G, Gondi V. Proton Therapy for Tumors of the Base of the Skull. Chin
Clin Oncol (2016) 5:51. doi: 10.21037/cc0.2016.07.05

AUTHOR CONTRIBUTIONS

ML.: first author, bibliography, data collection, interpretation of
ophthalmological examinations, writing of the manuscript. PL:
physician, participation of follow-up, help for redaction and
submission. JS: statistics and methodology. JBa: physician,
methodology, help for redaction and submission. DS: physician,
participation of follow-up. WK: physician, participation of follow-
up. TP: data collection. AV: contribution in physic and technic
interpretation and collection data. PD: collection dosimetric data.
JBo: data collection. PM: performed ophthalmologic examination
and follow-up. JT: original idea of the project, coordination,
methodologist. JQ: performed ophthalmologic examination
and follow-up, interpretation of ophthalmological results,
coordination, methodologist. All authors contributed to the
article and approved the submitted version.

3. Mihalcea O, Arnold AC. Side Effect of Head and Neck Radiotherapy: Optic
Neuropathy. Oftalmologia (2008) 52:36-40.

4. Ozkaya Akagunduz O, Guven Yilmaz S, Yalman D, Yuce B, Demirkilinc Biler
E, Afrashi F, et al. Evaluation of the Radiation Dose-Volume Effects of Optic
Nerves and Chiasm by Psychophysical, Electrophysiologic Tests, and Optical
Coherence Tomography in Nasopharyngeal Carcinoma. Technol Cancer Res
Treat (2017) 16:969-77. doi: 10.1177/1533034617711613

Frontiers in Oncology | www.frontiersin.org

June 2021 | Volume 11 | Article 673886


https://doi.org/10.1080/14737175.2018.1429920
https://doi.org/10.1080/14737175.2018.1429920
https://doi.org/10.21037/cco.2016.07.05
https://doi.org/10.1177/1533034617711613
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lecornu et al.

Assessment of Proton Therapy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Marks LB, Yorke ED, Jackson A, Ten Haken RK, Constine LS, Eisbruch A, et al.

The Use of Normal Tissue Complication Probability (Ntcp) Models in the Clinic.
Int J Radiat Oncol Biol Phys (2010) 76:510-9. doi: 10.1016/j.ijrobp.2009.07.1754

. Jiang GL, Tucker SL, Guttenberger R, Peters L], Morrison WH, Garden AS,

et al. Radiation-Induced Injury to the Visual Pathway. Radiother Oncol (1994)
30:17-25. doi: 10.1016/0167-8140(94)90005-1

. Danesh-Meyer HV. Radiation-Induced Optic Neuropathy. J Clin Neurosci

(2008) 15:95-100. doi: 10.1016/j.jocn.2007.09.004

. Brecht S, Boda-Heggemann J, Budjan J, Siebenlist K, Stieler F, Steil V, et al.

Radiation-Induced Optic Neuropathy After Stereotactic and Image Guided
Intensity-Modulated Radiation Therapy (IMRT). Radiother Oncol (2019)
134:166-77. doi: 10.1016/j.radonc.2019.02.003

. Wilson HP, Price PM, Ashkan K, Edwards A, Green MM, Cross T, et al.

Cyberknife Radiosurgery of Skull-base Tumors: A Uk Center Experience.
Cureus (2018) 10:€2380. doi: 10.7759/cureus.2380

Kaul D, Budach V, Misch M, Wiener E, Exner S, Badakhshi H. Meningioma of the
Skull Base: Long-Term Outcome After Image-Guided Stereotactic Radiotherapy.
Cancer Radiother (2014) 18:730-5. doi: 10.1016/j.canrad.2014.07.159
Schulz-Ertner D, Tsujii H. Particle Radiation Therapy Using Proton and
Heavier Ion Beams. JCO (2007) 25:953-64. doi: 10.1200/JC0O.2006.09.7816
Lesueur P, Calugaru V, Nauraye C, Stefan D, Cao K, Emery E, et al. Proton
Therapy for Treatment of Intracranial Benign Tumors in Adults: A Systematic
Review. Cancer Treat Rev (2019) 72:56-64. doi: 10.1016/j.ctrv.2018.11.004
Visual Outcomes of Parapapillary Uveal Melanomas Following Proton Beam
Therapy. - Abstract - Europe Pmc. Available at: https://europepmc.org/article/
med/27084650 (Accessed November 23, 2020).

Paganetti H. Proton Relative Biological Effectiveness — Uncertainties and
Opportunities. Int | Part Ther (2018) 5:2-14. doi: 10.14338/IJPT-18-00011.1
Kountouri M, Pica A, Walser M, Albertini F, Bolsi A, Kliebsch U, et al.
Radiation-Induced Optic Neuropathy After Pencil Beam Scanning Proton
Therapy for Skull-Base and Head and Neck Tumours. Br ] Radiol (2020)
93:20190028. doi: 10.1259/bjr.20190028

Seibel I, Cordini D, Hager A, Tillner J, Riechardt AI, Heufelder J, et al
Predictive Risk Factors for Radiation Retinopathy and Optic Neuropathy
After Proton Beam Therapy for Uveal Melanoma. Graefes Arch Clin Exp
Ophthalmol (2016) 254:1787-92. doi: 10.1007/s00417-016-3429-4

Busch C, Lowen J, Pilger D, Seibel I, Heufelder J, Joussen AM. Quantification
of Radiation Retinopathy After Beam Proton Irradiation in Centrally Located
Choroidal Melanoma. Graefes Arch Clin Exp Ophthalmol (2018) 256:1599—
604. doi: 10.1007/s00417-018-4036-3

Espensen CA, Kiilgaard JF, Appelt AL, Fog LS, Herault J, Maschi C, et al.
Dose-Response and Normal Tissue Complication Probabilities After Proton
Therapy for Choroidal Melanoma. Ophthalmology (2020) 128(1):152-61.
doi: 10.1016/j.0phtha.2020.06.030

Chuong M, Badiyan SN, Yam M, Li Z, Langen K, Regine W, et al. Pencil Beam
Scanning Versus Passively Scattered Proton Therapy for Unresectable

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Pancreatic Cancer. ] Gastrointest Oncol (2018) 9:687-93. doi: 10.21037/
jg0.2018.03.14

Beddok A, Vela A, Calugaru V, Tessonnier T, Kubes J, Dutheil P, et al. Proton
Therapy for Head and Neck Squamous Cell Carcinomas: A Review of the
Physical and Clinical Challenges. Radiother Oncol (2020) 147:30-9.
doi: 10.1016/j.radonc.2020.03.006

Liu W, Mohan R, Park P, Liu Z, Li H, Li X, et al. Dosimetric Benefits of Robust
Treatment Planning for Intensity Modulated Proton Therapy for Base-of-
Skull Cancers. Pract Radiat Oncol (2014) 4:384-91. doi: 10.1016/
j.prro.2013.12.001

Sand T, Kvaloy MB, Wader T, Hovdal H. Evoked Potential Tests in Clinical
Diagnosis. Tidsskrift Den norske legeforening (2013) 133(9):960-5.
doi: 10.4045/tidsskr.12.1176

Ahmed SK, Brown PD, Foote RL. Protons vs Photons for Brain and Skull Base
Tumors. Semin Radiat Oncol (2018) 28:97-107. doi: 10.1016/
j.semradonc.2017.11.001

Recommendations | Glaucoma: Diagnosis and Management | Guidance |
Nice. Available at: https://www.nice.org.uk/guidance/ng81/chapter/
Recommendations#diagnosis (Accessed February 1, 2021).

El Shafie RA, Czech M, Kessel KA, Habermehl D, Weber D, Rieken §, et al.
Clinical Outcome After Particle Therapy for Meningiomas of the Skull Base:
Toxicity and Local Control in Patients Treated With Active Rasterscanning.
Radiat Oncol (2018) 13(1):54. doi: 10.1186/s13014-018-1002-5

Sherafat H, Spry PGD, Waldock A, Sparrow JM, Diamond JP. Effect of a
Patient Training Video on Visual Field Test Reliability. Br J Ophthalmol
(2003) 87:153-6. doi: 10.1136/bjo.87.2.153

Katz ], Sommer A, Witt K. Reliability of Visual Field Results Over Repeated
Testing. Ophthalmology (1991) 98:70-5. doi: 10.1016/s0161-6420(91)32339-x
Firan AM, Istrate S, Tancu R, Tudosescu R, Ciuluvica R, Voinea L. Visual
Evoked Potential in the Early Diagnosis of Glaucoma. Literature Review. Rom
J Ophthalmol (2020) 64(1):15-20.

Robson AG, Nilsson J, Li S, Jalali S, Fulton AB, Tormene AP, et al. ISCEV
Guide to Visual Electrodiagnostic Procedures. Doc Ophthalmol (2018) 136:1-
26. doi: 10.1007/s10633-017-9621-y

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Lecornu, Lesueur, Salleron, Balosso, Stefan, Kao, Plouhinec, Vela,
Dutheil, Bouter, Marty, Thariat and Quintyn. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

June 2021 | Volume 11 | Article 673886


https://doi.org/10.1016/j.ijrobp.2009.07.1754
https://doi.org/10.1016/0167-8140(94)90005-1
https://doi.org/10.1016/j.jocn.2007.09.004
https://doi.org/10.1016/j.radonc.2019.02.003
https://doi.org/10.7759/cureus.2380
https://doi.org/10.1016/j.canrad.2014.07.159
https://doi.org/10.1200/JCO.2006.09.7816
https://doi.org/10.1016/j.ctrv.2018.11.004
https://europepmc.org/article/med/27084650
https://europepmc.org/article/med/27084650
https://doi.org/10.14338/IJPT-18-00011.1
https://doi.org/10.1259/bjr.20190028
https://doi.org/10.1007/s00417-016-3429-4
https://doi.org/10.1007/s00417-018-4036-3
https://doi.org/10.1016/j.ophtha.2020.06.030
https://doi.org/10.21037/jgo.2018.03.14
https://doi.org/10.21037/jgo.2018.03.14
https://doi.org/10.1016/j.radonc.2020.03.006
https://doi.org/10.1016/j.prro.2013.12.001
https://doi.org/10.1016/j.prro.2013.12.001
https://doi.org/10.4045/tidsskr.12.1176
https://doi.org/10.1016/j.semradonc.2017.11.001
https://doi.org/10.1016/j.semradonc.2017.11.001
https://www.nice.org.uk/guidance/ng81/chapter/Recommendations#diagnosis
https://www.nice.org.uk/guidance/ng81/chapter/Recommendations#diagnosis
https://doi.org/10.1186/s13014-018-1002-5
https://doi.org/10.1136/bjo.87.2.153
https://doi.org/10.1016/s0161-6420(91)32339-x
https://doi.org/10.1007/s10633-017-9621-y
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Prospective Assessment of Early Proton Therapy-Induced Optic Neuropathy in Patients With Intracranial, Orbital or Sinonasal Tumors: Impact of A Standardized Ophthalmological Follow Up
	Introduction
	Methods and Materials
	Population Analysis
	Tumors and Location
	Treatment
	Practical Ophthalmological Examinations
	Follow-Up
	Statistical Analysis

	Results
	Radiation Oncologist Examination
	Ophthalmological Examinations

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


