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Abstract In this retrospective evaluation, we correlated

radiation dose parameters with occurrence of optical radi-

ation-induced toxicities. 213 meningioma patients received

radiation between 2000 and 2013. Radiation dose and

clinical data were extracted from planning systems and

patients’ files. The range of follow-up period was

2–159 months (median 75 months). Median age of patients

was 60 years (range 23–86). There were 163 female and 50

male patients. In 140 cases, at least one of the neuro-optic

structures (optic nerves and chiasm) was inside the irradi-

ated target volumes. We found 15 dry eye (7 %) and 24

cataract (11.2 %) cases. Median dose to affected lachrymal

glands was 1.47 Gy and median dose to affected lenses was

1.05 Gy. Age and blood cholesterol level in patients with

cataract were significantly higher. Patients with dry eye

were significantly older. Only two patients with visual

problems attributable to radiation treatment were seen.

They did not have any risk factors. Maximum and median

delivered doses to neuro-optic structures were not higher

than 57.30 and 54.60 Gy respectively. Low percentages of

cases with radiation induced high grade optic toxicities

show that modern treatment techniques and doses are safe.

In very few patients with optic side effects, doses to organs

at risk were higher than the defined constraint doses. This

observation leads to the problem of additional risk factors

coming into play. The role of risk factors and safety of

higher radiation doses in high grade meningiomas should

be investigated in more comprehensive studies.
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Introduction

Loss of vision is a deleterious, albeit rare side effect in

patients treated with radiotherapy for brain and skull base

tumors. Causes can be radiation-induced optic neuropathy

(RION), cataract, dry eye or retinopathy [1, 2].

In patients with brain tumors and head and neck

malignancies, RION is a late complication of radiotherapy

to the anterior visual pathway resulting in acute, painless

and irreversible visual loss. RION presents with monocular

visual loss, although second eye involvement may rapidly

follow or within months [3]. RION occurs commonly

between 10 and 20 months, with an average of 18 months

after treatment, but the onset may range from three months

to 9 years [3]. Dose is the most important cause for RION.

Cumulative doses of radiation that exceed 50 Gy or single

doses to the anterior visual pathway or greater than 10 Gy

are usually required for RION to develop. The risk of

toxicity increases markedly at doses [60 Gy at 1.8 Gy/

fraction and at[12 Gy for single-fraction radiosurgery [3,

4]. A relation between the dose of radiation and the latency

to the onset of symptoms has been suggested too [3, 4].

Several factors are associated with a higher risk for

developing RION or for the occurrence of RION with

lower total doses of radiation. An increased risk of RION

has been reported with increasing age, pre-existing com-

pression of the optic nerve and chiasm by tumor and pre-

vious external beam radiation [5, 6]. Data on other clinical

factors such as chemotherapy, diabetes mellitus, hyper-

tension and smoking have been inconsistent [4]. Treatment

of RION with systemic corticosteroids, anticoagulation and

hyperbaric oxygen has been generally unsuccessful and

disappointing [6, 7].

The diagnosis of RION is suggested in ophthalmologic

exam, by an impaired visual function with loss of visual

acuity and visual field defect in the absence of other causes.

If the visual loss is unilateral or asymmetric, a relative

afferent pupillary defect (RAPD or Marcus Gunn pupil)

will be present. The visual field may show any pattern of

optic nerve or chiasmal defects. Another sign of RION may

be decreased color vision or dyschromatopsia. In ophthal-

moscopy, optic nerve will appear normal or swollen. The

CT scan is typically normal, as are the unenhanced T1- and

T2-weighted MRI images. However, MRI with contrast

demonstrates marked enhancement of the optic nerve and

chiasm on T1-weighted images. The key clinical differ-

ential diagnosis of RION is tumor recurrence. In contrast to

RION, tumor recurrence generally shows a slower course

of visual loss [4, 8].

In this retrospective evaluation, a detailed survey has

been performed in patients treated with radiotherapy for

meningioma. We correlated radiation dose parameters with

the occurrence of optical radiation-induced toxicities

including RION, cataract and dry eye. Compared to data in

the literature, the present manuscript adds valuable infor-

mation. This analysed series is one of the largest and

homogeneous treatment group of patients with data on

optic toxicity; therefore it is an important information for

the radiation oncology community.

Materials and methods

We selected all the meningioma patients who received

radiation treatment in our centre from 2000 until 2013. Out

of 247 patients, those with previous radiation therapy for

head malignancies and those with incomplete planning data

or missing clinical data were excluded. Finally 213 patients

entered the study.

Treatment planning was done with the following plan-

ning systems: eclipse 10 planning system (Varian Medical

Systems, Palo Alto, CA, USA), TomoTherapy’s planning

station (Accuray Inc., Madison, WI, USA), Brainscan and

iPlan (BrainLab AG, Feldkirchen, Germany). Radiotherapy

techniques included Intensity Modulated Radiation Ther-

apy (IMRT), Tomotherapy or three dimensional (3D)

treatment and radio-surgery. The majority of patients

(n = 205), received ‘‘Fractionated Stereotactic Radiation

Treatment’’ (FSRT) or ‘‘Stereotactic Radio-Surgery’’

(SRS) (Suppl. 1). Suppl. 2 shows an example of a planning

CT scan with contoured target volumes and organs at risk

(OARs).

Dose parameters including maximum, mean and median

doses to the target volumes and OARs (optic nerves, chiasm,

lenses, eyeballs and lachrymal glands) were extracted from

the planning systems. In most patients treated between 2000

and 2006 (n = 120), only one target volume was delineated

planning target volume (PTV). In these patients gross tumor

volume (GTV) was not contoured. Due to technical limita-

tions, the mean total dose (Dmean) was not extractable in

patients treated based on Brainscan system (n = 157). So in

this study, we used the median total dose (Dmedian) which was

extractable for all the patients, instead of Dmean. Considering

the different radiation treatment techniques, total prescribed

doses and doses per fraction, we also calculated EQD2

(equivalent total doses in 2-Gy fractions) in order to report

the doses in a consistent way. Calculations were based on an

a/b of 2 for meningioma and on an a/b of 3 for OARs (for

long term side effects) [9, 10]. We also evaluated dose dis-

tributions in neuro-optic structures that are shown by the

volume percentages of optic nerves and chiasm which

received 45, 50, 54 and 60 Gy, as these doses represent rel-

evant tolerance doses for neuro-optic structures reported in

the literature [11].
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Out of 213 patients, 187 patients were treated with one

treatment plan, 26 patients were treated with at least two

plans (23 patients had two and three patients had three

plans). Analysis of total radiation doses delivered to target

volumes and OARs in these 26 patients was not as

straightforward as for the other patients. Some of these

patients were treated with Brainscan planning system, in

which summation of different plans is not possible. Even if

the summation was possible—as in the patients treated

with iPlan and eclipse—this summation would not be

absolutely reliable, as new planning CT-scans were done

for the new phases of treatment. As a rigid registration was

used to align all CT-scans, the summation plan made by the

system does not necessarily show exactly the summation of

the delivered dose to the same anatomical voxel and areas.

Nevertheless, we accepted this inexactness; for all the

patients with more than one treatment plan, a summation of

relevant doses (Dmax1 ? Dmax2,…) was made, allowing a

rough evaluation of doses delivered to the target volumes

and OARs in all the patients.

Clinical data, concomitant as well as former diseases,

and the clinical path of all patients were extracted from the

patients’ files. For patients who had missed their routine

follow up protocol, we called the patients (or their family

doctors when necessary) and asked them to come for a new

visit or to send us their latest documents regarding their

follow ups in other centers or cities. Patients lost from

follow up were censored according to the date of their last

visit. Of note, hypercholesterolemia and hypertension was

supposed as risk factors, if patients reported about a history

of hypertension or hypercholesterolemia and were under

specific medication. Neither blood pressure nor choles-

terol-Levels were collected routinely. The range of follow-

up period was 2–159 months (median 75 months). Evalu-

ation of the side effects was done according to CTCAE-

4.03. We took only those side effects into consideration

that began after radiation treatment. Ophthalmologic

exams were initiated at baseline, if visual signs or symp-

toms were present on clinical evaluation or in patient’s

history. After end of radiotherapy, all the patients were

asked about the visual problems in their periodic follow-up

visits. Patients with new visual signs or symptoms or

patients with changes in previous visual signs or symptoms

were referred for a new ophthalmologic exam.

We used Microsoft Excel 2013 for collecting the data.

Statistical analysis was done with IBM SPSS v. 18. Actu-

arial analysis has been used for reporting about median

time to progression. If the data fulfilled criteria for a nor-

mal distribution, significance levels were calculated using

two sided student T test.

Results

General characteristics of the patients and detailed infor-

mation about the primary tumor side are shown in Tables 1

and 2, respectively. The age range of the patients was

23–86 years old (median 60 and mean 59). In 72 cases no

surgical intervention was performed before radiation

treatment. These patients had only a radiographic diagnosis

of meningioma.

The most prevalent signs and symptoms were visual

acuity defect (25.8 %), headache (22 %), visual field defect

(16.9 %), dizziness (13.1 %), diplopia (12.2 %), sensory

disorder due to trigeminal nerve dysfunction (10.8 %),

exophthalmus (8.4 %) and ptosis (7 %). In total, 100

patients (46.9 %) had signs or symptoms related to eyes

and visual system (most of them had more than one sign or

symptom) (Suppl. 3). These patients had also a baseline

ophthalmologic exam result in their files.

In 38 cases at least one of the neuro-optic structures

including optic nerves and chiasm, were involved by the

tumor directly, which meant an infiltration that was seen

and reported by radiologist in the MRI (Suppl. 4). Yet not

all MRI reports stated about the status of the neuro-optic

structures.

An important point is, that the neuro-optic structures

might have been inside the target volumes of radiation

treatment not only because of being involved by the tumor,

Table 1 Patient’s characteristics

Characteristics (n = 213) No. of patients

Sex

Male 50 23.5 %

Female 163 76.5 %

Diagnosis

Meningioma

WHO 1 110 51.6 %

WHO 2 21 9.9 %

WHO 3 1 0.5 %

WHO unknown grade 81 38 %

Surgery before radiotherapy

No surgery (radiological diagnosis) 72 33.8 %

Only biopsy 4 1.9 %

Subtotal resection 89 41.8 %

Total resection 43 20.2 %

Type of surgery not clear 5 2.3 %

More than one surgery before RT 44a 20.7 %

a These 44 patients have been also counted as the patients who have

had surgery (subtotal, total or not clear type)
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but also because of their vicinity to the tumor. Out of 213

patients, only in 73 cases, none of the neuro-optic struc-

tures was inside the target volumes. In the other 140

patients, at least one of the neuro-optic structures was

totally or partially inside one of the planning target volume

of the radiation treatment (Table 2).

Median total prescribed dose in all patients were 54 Gy

(15–60 Gy). Doses per fraction ranged from 1.75 to 17 Gy

and the number of fractions ranged between 1 and 31. The

details about delivered doses to PTV and OARs in Suppl.

5. Dose distributions in neuro-optic structures (V45, V50,

V54 and V60) are shown in Suppl. 6. These parameters

could be calculated only for those patients treated with one

plan (n = 187). Dmax values were[54 Gy in 147 OARs,

Dmed values exceeded 54 Gy in 7 OARs (Table 3). In

order to reduce uncertainties growing from largely differ-

ent dose/fraction, patients with less than 5 fractions were

excluded from further analysis. We subsequently analyzed

the remaining 190 patients, whether specific tumor loca-

tions were related to higher Dmax values (Table 4). Briefly,

meningiomas located within the cavernous sinus, at the

skull base, the sphenoid wing, the optic nerve sheath, the

sella and at the middle cranial fossa were significantly

associated with higher Dmax values, at least in one of the

neuro-optic OARs. As an internal control, involvement of

neuro-optic OARs into the PTV was also significantly

associated with higher Dmax values.

We subsequently investigated, whether treatment tech-

niques had an influence on Dmed- and Dmax-value within

neuro-optic OARs. Also for this analysis, RS-cases were

excluded. Intriguingly, 3D-planning was associated with

significantly lower Dmed within the left optic nerve

(p = 0.038), while Dmax did not significantly differ. Dmax

values of more than 54 Gy (EQD2) were more likely when

3D planning was used (Fig. 1).

Out of 213 patients, recurrence after radiation treatment

occurred in 24 cases (11.2 %). The median interval

between treatment and recurrence was 34.5 (3–78 months)

(Suppl. 7 and 8). Five cases presented with new tumors

after the first radiation therapy (second primary tumors).

Details about these patients are shown in Suppl. 9.

There were two patients with visual problems after

radiation therapy that could be attributed to RION. Both of

them were referred for fractionated stereotactic radiother-

apy for a radiologically diagnosed meningioma. The

planning for both patients was done using the Brainscan

Table 2 Locations affected by the tumor and neuro-optic structures being inside target volumes based on tumor location

Total number of

patients in each

location (%)

Left optical nerve

included into PTV

(%)

Right optical

nerve included

into PTV (%)

Chiasm

included into

PTV (%)

At least one neuro-

optical OAR included

into PTV (%)

Sphenoid bone 114 53.5 73 64.0 74 64.9 81 71.0 103 90.3

Sphenoid wing 65 30.5 39 60.0 35 53.8 43 66.2 58 89.2

Optical nerve sheath meningioma 9 4.2 4 44.4 8 88.9 7 77.8 9 100.0

Optical canal involved

(incl. nerve-sheath meningiomas)

12 5.6 6 50.0 11 91.7 10 83.3 12 100.0

Cavernous sinus 22 10.3 7 31.8 16 77.7 17 77.3 20 90.9

Sella 27 12.7 22 81.4 21 77.8 25 92.6 26 96.3

Base of skull. not other specified 8 3.8 6 75.0 6 75.0 7 87.5 8 100.0

Clivus 14 6.6 10 71.4 10 71.4 10 71.4 11 78.6

Petroclival 22 10.3 17 77.3 14 63.6 14 63.6 18 81.8

Cerebellar, cerebell-pontine angle 20 9.4 2 10.0 2 10.0 1 5.0 3 15.0

Frontal lobe, not frontal base 17 9 4 23.5 4 23.5 5 29.4 5 29.4

Skull base frontal 8 3.8 5 62.5 4 50.0 5 61.5 6 75.0

Olfactorial meningioma 8 3.8 4 50.0 2 25.0 3 37.5 4 50.0

Middle cranial fossa 5 2.3 4 80.0 3 60.0 4 80.0 5 100.0

Falx 19 8.9 1 5.3 2 10.5 2 10.5 2 10.5

Tentorial fold 10 4.7 1 10.0 1 10.0 3 30.0 3 30.0

Parietal 16 7.5 0 0.0 0 0.0 0 0.0 0 0.0

Occipital 7 3.3 1 14.3 0 0.0 0 0.0 1 14.3

Temporal 11 5.2 2 18.2 6 54.5 5 45.5 7 63.6

All locations 213 100.0 105 49.3 98 46.0 106 49.8 140 65.7

Two patients were treated for more than one lesion. Large lesions are allocated to every location involved by the meningioma
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system, so Dmean was not extractable. In both patients 3D-

conformal treatment planning was used. In both patients

only one target volume was defined (PTV). During the

follow up period, the primary tumors were stable, without

any progression in both patients. Table 5 shows the char-

acteristics of the tumor and the treatment in these two

patients. During follow-up of the first patient, there was a

progressive problem with right side visual acuity that

began 2 months after end of radiotherapy. The left sided

vision was unimpaired. In an MRI, done 43 months after

end of radiation, right para-optical nerve sheath edema was

reported. Since no further ophthalmological exams and

MRIs were available, we could not judge the severity of his

acuity problem on right side. Therefore, this case should be

supposed as a suspicious case of RION on right side. In the

second case, the defect in right side visual field improved

after treatment. However, 11 months after end of radio-

therapy, defects in visual acuity and visual field in both

eyes, especially right eye, occurred. In addition, edema in

both optic nerves was reported in an MRI done 1 year after

end of radiation treatment. In the right eye, visual acuity

and visual field problem, dyschromatopsia, RAPD and

optic nerve atrophy were reported in ophthalmologic

exams. On the left side, atrophy of optic nerve was

detected. Neither treatment with corticosteroids nor with

hyperbaric oxygen therapy was effective, as the right eye

remained nearly amaurotic, the acuity of left eye was 0.4

two years after treatment (grade 4 and 3 respectively).

Suppl. 10 and 11 show the contoured volumes and the dose

distribution in these two cases.

Fifteen cases of newly diagnosed dry eye after radio-

therapy were observed (7 %). 12 cases had grade 1 dry eye.

Eight of them were treated by artificial tears and the other 4

did not need any treatment. Three patients had grade 2 dry

eye. All of them received artificial tears and lubricants for

treatment. The median of interval between treatment and

beginning of dry eye was 17 months (1–139 months). Dry

eye occurred mostly ipsilateral, except one case that

developed bilateral dry eyes. Of note, detection of dry eye

was based on subjective data collected via interviews by

patients and only rarely based on ophthalmologic exams.

Details of radiation dose to lachrymal glands are shown in

Table 6 and Suppl. 12. None of these patients had a history

of dry eye before radiation treatment. One of them had

tumor recurrence during follow up period, but the salvage

treatment was surgery, not radiation treatment. Regarding

tumor location, most of these patients had tumors in direct

vicinity to the optic pathway (11 patients), most of them

were treated with 3D-conformal technique (10 patients).

Twenty four patients developed cataract after radio-

therapy (11.2 %). 11 of these cases needed surgical

removing of the lens (grade 3). The other patients were in

grade 1 and 2. The median of interval between treatment

and cataract was 47.5 months (6–141 months). Cataract

occurred ipsilateral, except six cases with bilateral cataract.

Details of radiation dose to lenses are available in Table 6

and Suppl. 13. None of these patients had cataract before

radiation treatment. Three cases had local recurrence and 1

case had second primary lesions. In all of these cases no

salvage treatment was done except in one patient who

received salvage surgery, not radiation treatment. Regard-

ing tumor location, most of these patients had tumors in

vicinity of optic pathway (18 patients), most of them were

treated with 3D-conformal technique (18 patients).

Discussion

In the present manuscript, we show that optic toxicity after

stereotactic radiotherapy of meningiomas is a very rare side

effect, and that the development of any optic toxicity

depends tightly on dose-volume effects. This analysis

focused on factors influencing the development of visual

impairment by RION, cataract and dry eye after fraction-

ated stereotactic radiotherapy.

The probably most severe optic toxicity is RION—

which can results in complete blindness of patients. The

two most important treatment-related risk factors for optic

nerve/chiasm injury are the total dose and the fraction size.

Toxicity increases significantly at doses [54–60 Gy

(1.8–2 Gy/fraction) and at [12 Gy for single-fraction

radio-surgery [3, 12]. For those patients with deficit in

Table 3 Number of patients with a special range of dose to any of the neuro-optic structures (n = 213)

Dmax to right optic nerve Dmedian to right optic nerve Dmax to left optic nerve Dmedian to left optic nerve Dmax to chiasm Dmedian to chiasm

\45 Gy 97 167 93 181 79 117

C45,

\50 Gy

5 19 5 11 12 39

C50,

\54 Gy

58 24 62 21 81 53

C54 Gy 53 3 53 0 41 4
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Table 4 Relation of Dmax values in neuro-optic structures and tumor locations

Location Involved n Dmax

chiasma

EQD2

p Dmax right

optical

nerve EQD2

p Dmax left

optical

nerve EQD2

p

Cavernous sinus Yes 22 47.15 <0.001 46.46 <0.001 44.77 0.003

No 168 34.05 32.42 33.00

Base of Skull Yes 8 49.14 <0.001 47.91 0.002 46.73 0.013

No 182 34.97 33.44 33.84

Sphenoid Bone Yes 99 45.09 <0.001 44.40 <0.001 43.87 <0.001

No 91 24.24 22.79 24.02

Sphenoid Wing Yes 55 45.69 <0.001 42.98 <0.001 44.64 <0.001

No 135 31.44 30.41 30.18

Petroclival Yes 20 42.66 0.061 41.74 0.069 41.68 0.066

No 170 34.73 33.15 33.50

Cereberellar and CPA Yes 18 20.04 0.001 15.42 <0.001 17.24 <0.001

No 172 37.19 36.00 36.16

Frontal lobe (without frontal base) Yes 15 21.40 0.006 22.56 0.032 21.41 0.014

No 175 36.77 35.04 35.47

Frontal base Yes 7 38.13 0.741 39.79 0.334 47.51 0.002

No 183 35.47 33.83 33.86

Olfactorial Yes 6 35.62 0.995 43.01 0.127 42.74 0.199

No 184 35.56 33.76 34.09

Temporal Yes 11 32.01 0.561 31.43 0.746 24.26 0.106

No 179 35.78 34.21 34.98

Optical nerve (both sides) Yes 7 46.99 <0.001 48.25 <0.001 36.53 0.785

No 183 35.13 33.51 34.28

Optical nerve, only left sided tumors Yes 2 48.30 <0.001 43.42 0.153 51.52 <0.001

No 63 36.00 29.12 39.55

Optical nerve, only right sided tumors Yes 3 44.17 0.131 48.96 <0.001 23.57 0.578

No 80 33.85 35.71 29.67

Middle cranial fossa Yes 5 49.28 <0.001 44.55 0.086 45.98 0.094

No 185 35.19 33.77 34.05

Clivus Yes 13 40.35 0.392 40.34 0.281 40.08 0.319

No 177 35.21 33.59 33.94

Sella yes 25 49.26 <0.001 48.30 <0.001 48.17 <0.001

No 165 33.49 31.89 32.27

Petrosal bone Yes 20 42.66 0.061 41.74 0.069 41.68 0.066

No 170 34.73 33.15 33.50

Falx Yes 18 6.56 <0.001 7.46 <0.001 3.84 <0.001

No 172 38.83 36.83 37.56

Tentorium Yes 9 20.04 0.022 14.96 0.007 18.82 0.025

No 181 36.34 34.99 35.14

Parietal Yes 13 5.15 <0.001 4.60 <0.001 5.10 <0.001

No 177 37.79 36.21 36.51

Chiasma in PTV Yes 93 51.00 <0.001 49.26 <0.001 48.35 <0.001

No 97 20.77 19.47 20.95

Right optical nerve in PTV Yes 89 49.91 <0.001 51.92 <0.001 45.72 <0.001

No 101 22.92 18.31 24.35

Left optical nerve in PTV Yes 94 49.03 <0.001 45.47 <0.001 50.61 <0.001

No 96 22.38 22.87 18.46
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Table 4 continued

Location Involved n Dmax

chiasma

EQD2

p Dmax right

optical

nerve EQD2

p Dmax left

optical

nerve EQD2

p

At least one neuro-optical OAR in PTV Yes 125 48.90 <0.001 47.05 <0.001 47.07 <0.001

No 65 9.91 9.05 9.93

p values B0.05 are considered as significant

Fig. 1 Dmed- and Dmax-value within neuro-optic organs at risk (OARs) in terms of treatment technique
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visual acuity and visual field, it was observed that the

median and max dose in the optic nerves and chiasm was

higher than in the group without the complications [13].

For whole organ tolerance, Emami et al. [11] listed the

doses corresponding to 5 % probability of blindness within

5 years after treatment and the 50 % probability within

5 years as 50 and 65 Gy, respectively. In our cohort, Dmed

Dmax values for OAR involved into the PTV were[50 Gy

but only two sever complications were reported (2 cases in

125 cases, 1.6 %, RS-cases excluded). Similar RION-rates

were reported also from other groups [14, 15]. A proba-

bilistic component clearly exists, because some patients

receiving greater doses did not develop complications [4,

9]. Also in our cases, maximum doses to neuro-optical

structures were [50 and [54 Gy in case 1 and 2, respec-

tively (Table 5). 3D-planning was used in both cases, no

case of RION occurred within the patients treated with

IMRT plans. No statistical significant dosimetric advantage

of IMRT over 3D-planning neither in our cohort nor in the

cohort of others [15, 16] was reported. However, also in

our experience, IMRT allows a more sufficient limitation

of Dmax values in OARs (Fig. 1), even when on expense of

higher Dmed values [16].

Especially in older ages dry eye is not uncommon in the

general population [17]. However, in our study, symptoms

linked with dry eye were not present before radiotherapy. It

Table 5 Characteristics of tumor and treatment in 2 patients with RION

Case 1 Case 2

Gender Male Female

Age at radiation treatment 51 years old 62 years old

Tumor location Skull base Right side of sphenoid

Involvement of the neuro-optic structures by the tumor Right optic nerve and chiasm No involvement

Sign/symptoms at start of radiation treatment No signs/symptoms Headache, right visual field defect

Risk factors (diabetes, arterial hypertension, smoking,

hypercholestrolemia)

No risk factor No risk factor

Diagnosis of meningioma Radiological Radiological

Total prescribed dose 52.2 Gy/29 fraction 54 Gy/30 fraction

Dose/fraction 1.8 Gy 1.8 Gy

Neuro-optic structures inside target volume (PTV) Both optic nerves and chiasm Both optic nerves and chiasm

Dmax and Dmedian to right optic nerve

Delivered dose 52.78 Gy, 46.40 Gy 56.70 Gy, 54.60 Gy

EQD2 50.87 Gy, 42.68 Gy 55.45 Gy, 52.63 Gy

Dmax and Dmedian to left optic nerve

Delivered dose 52.20, 19.72 Gy 57.30, 39.30 Gy

EQD2 50.11, 14.51 Gy 56.26, 33.87 Gy

Dmax and Dmedian to chiasm

Delivered dose 52.20, 51.30 Gy 55.50, 48.00 Gy

EQD2 50.11, 48.96 Gy 53.83, 44.16 Gy

V45, V50, V54 and V60a for right optic nerve 52.6 %, 41 %, 0 and 0 62.7 %, 59.5 %, 53 and 0

V45, V50, V54 and V60a for left optic nerve 6.9 %, 2.5 %, 0, 0 46.5 %, 42 %, 35 % and 0

V45, V50, V54 and V60a for chiasm 100 %, 100 %, 0 and 0 60 %, 44.2 %, 13.9 % and 0

a V45, V50, V54 and V60: the volume percentages that receive 45 Gy, 50 Gy, 54 Gy and 60 Gy respectively

Table 6 Details of radiation doses to lachrymal glands and lenses in patients with dry eye and cataract (doses are in Gy)

Median of Dmedian (EQD2) Range of Dmedian (EQD2) Median of Dmedian (EQD2) Range of Dmedian (EQD2)

Dry eye Affected lachrymal glands Unaffected lachrymal glands

1.47 (0.89) 0–51.60 (0–48.71) 1.20 (0.72) 0–23.20 (0–17.63)

Cataract Affected lenses Unaffected lenses

1.05 (0.63) 0–27.84 (0–22.04) 0.90 (0.54) 0–20.88 (0–15.53)
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is known that ‘‘dry eye’’ is related to the high dose of

radiation delivered to the lachrymal glands. Although the

tolerance dose of lachrymal glands is about 34–40 Gy [18–

20], it is quite probable that lower doses of radiation also

lead to dry eye, but with mild symptoms and longer

intervals after radiotherapy [8, 18]. In most cases, delivered

dose to the lachrymal glands were lower than the men-

tioned constraint dose, while the interval between treat-

ment and dry eye in some of them was only 1 month

(suppl. 12). The median delivered dose to affected

lachrymal glands in these 15 patients was not much dif-

ferent with the delivered dose to lachrymal glands in all the

patients (Tables 6 and suppl. 12). So we could not define a

dose–effect relationship. However, these results may be

explained to a certain extent by other predisposing factors.

Table 7 shows that there is a trend that older age, hyper-

cholesterolemia and arterial hypertension may play a role

in developing of dry eye. This role is significant regarding

patients’ age, regarding the other two items no significant

difference was found.

Numerous reports are available on the development of

cataract related to radiotherapy: in adults, after 2.5–6.5 Gy

the latent period of cataract is 8 years with a 33 % risk of

progressive cataract, while after 6.5–11.5 Gy, the latent

period is 4 years, with a 66 % risk [21], but again it is

expected that lower doses of radiation may lead to cataract

with less severity and longer intervals after end of radiation

treatment [22]. Another point is patients’ age and senile

cataract; it is not always easy to differentiate radiation

induced cataract and senile cataract [23]. In our study the

median dose to most affected lenses in patients with cat-

aract was less than the mentioned constraint dose (suppl.

13). Also the median dose to the affected lenses was equal

or just minimally higher than the median dose to lenses in

all the patients (Table 6 and suppl. 13). Nevertheless, when

the cataract occurs after the radiation treatment, and ipsi-

laterally or bilaterally but first or more severe at the side of

tumor (the side that received more radiation dose), the role

of radiation can’t be ruled out. However in our study,

patients with cataract are significantly older (Table 7). In

six cases we had bilateral cataract. In all of these cases,

cataracts occurred simultaneously, or first occurred at the

side of tumor. In two cases with radio-surgery (the last two

cases in Suppl. 13), the radiation doses to the lenses were

very low, but cataract in these cases occurred after radia-

tion treatment, in one eye, at the side of tumor with rela-

tively long intervals. Table 7 also shows that there is a

trend that all the four risk factors may have a role in

developing of cataract but only the difference regarding

hypercholesterolemia is significant.

A point about dry eye and cataract patients is that in

both groups, majority of tumors were located in vicinity of

optic pathway and most of these patients were treated with

3D-conformal technique, rather than novel techniques

(IMRT or SRS). This point shows that when we irradiate

tumors around optic pathway, lachrymal glands and lenses

are more vulnerable to radiation side-effects, especially if

we do not apply novel techniques of radiation.

In our cohort, the local control rate was 88.8 % within a

median follow up of 75 month. This correlates with the

efficacy of radiotherapy for the treatment of meningiomas

that was reported in several studies [14, 15] (Suppl. 8).

Conclusion

The low percentages of patients with radiation induced

high grade optic toxicities including RION, dry eye and

cataract, show that current treatment techniques and doses,

including more sophisticated ones like stereotactic treat-

ments are safe. However, delivered doses to the OARs in

most of patients with optical side effects were less than the

established constraint doses. Hence, the role of the risk

factors and co-morbidities including age, arterial hyper-

tension, hypercholesterolemia, diabetes and smoking in

increasing the radiation induced side effects should be

investigated in more comprehensive studies, especially

with regard to brain tumors with good prognosis like

Table 7 Risk factors in total patients, patients with dry eye and patients with cataract

Risk factors Total patients

(n = 213)

Cataract Dry eye

Patients with

cataract (n = 24)

Patients without

cataract (n = 189)

P value Patients with dry

eye (n = 15)

Patients without

dry eye (n = 198)

P value

Age average 59 63 58.4 0.0133 62 58.7 0.0065

Diabetes 9 4.2 % 2 8.3 % 7 3.7 % 0.3639 0% 0 % 9 4.5 % –

Hypercholestrolemia 20 9.3 % 6 25 % 14 7.4 % 0.0128 3 20 % 17 8.5 % 0.4617

Arterial hypertension 58 27.2 % 10 41.7 % 48 25.3 % 0.3079 6 40 % 52 26.2 % 0.1495

Smoking 44 20.6 % 7 29.1 % 37 19.5 % 0.3316 2 13.3 % 42 21.2 % –
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meningioma. In addition, it seems necessary to evaluate the

safety of higher radiation doses that seem to be more

effective in high grade meningiomas.
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