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OM & Protons Objectives

Topics

Overview of ocular melanoma and proton technology: 
What do we know from the past 50 years?

Clinical data & outcomes:
Which factors matter for which outcomes?

Treatment Planning & Delivery:
Current techniques and what is on the horizon?
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1950s - Pituitary disease 
1975 - Cancer RT
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LBNL-UCSF: Particle Therapy
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LBNL  1931-1992
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Helium & Proton Ocular Program

1975: Proton Rx 
at Harvard

Ocular model 
computer program 
(Goitein and Miller)

1977: Helium Ion Rx 
LBNL 184 inch cyclotron 
(Castro and Quivey)

1994: Transfer to 
Crocker Proton (CNL) 
76 inch cyclotron

Particle Rx consistently 
excellent radiotherapy 
results
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UCSF + LBNL + Crocker
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Background: Proton Therapy  
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Background: Question* - Protons
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* American College of Radiology In-Training Examination for Radiation Oncology Residents
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Source: American Cancer Society Statistics (http://www.cancer.org/docroot/stt/stt_0.asp?from=fast)

Background: Eye  

ARRO Webinar  January 13, 2020 kavita.mishra@ucsf.edu



Background: Eye  
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Light colored; Welders; Sun/snow burns
1/3 asx
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Clinical



Clinical

• Nevus

• Hemangioma

• Detachment 

• Metastasis

• Hemorrhage
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Source: Moriarty et al., PLoS One (2015) 10(5): e0127814

AJCC 2010 

• Tumor size – LBD & Thickness
• CBI and/or EOE

COMS*

Height Diameter
Small 1 to ≤3 mm & 5 to 16 mm

Medium ≥2.5 to ≤10 mm & ≤16 mm

Large >10 mm AND/OR >16 mm

* Collaborative Ocular Melanoma Study
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Clinical



Fundus
photograp
hy

Fluorescein
Angiograph
y

• Liver/Lung

• 5y Met-Free 
Survival 

1A: 98% 

1B: 80% 

2: 30%

Clinical
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Source: Onken, Harbour et al., Curr Eye Res 2010; 35(9): 857-863; doi: 10.3109/02713683.2010.493265



Source: Afshar et al., Trans Vis Sci Tech. 2019; 8(2):18, https://doi.org/10.1167/ tvst.8.2.18 
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Clinical
Gene Expression Profiling

Next Generation 
Sequencing 
UCSF500



Source: Afshar et al., Trans Vis Sci Tech. 2019; 8(2):18, https://doi.org/10.1167/ tvst.8.2.18 

ARRO Webinar  January 13, 2020 kavita.mishra@ucsf.edu

Clinical

- Chromosome 3 loss
- 8q gain
- BAP1 mutation
- Class 2 GEP



• Small lesions/tumors: serial observation or RT 

• Medium tumors: RT
– Goals of RT include 

(1) tumor control
(2) eye preservation
(3) visual preservation
(4) minimize other side effects

– Particle RT, Plaque, SRS/SRT
– Comparable survival rates with surgery

• Large tumors: RT or surgery/enucleation
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UM: Local Therapy



• Laser treatment very small tumors, near macula
• Partial Eyewall resection select cases, +/- RT

• Enucleation consider for blind eye, painful eye, 
very large volume, radiation failure

• Orbital Exenteration extraocular spread
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UM: Surgical Therapy



• Radon, Cobalt-60 Early experience
• I-125 & Pd-103 plaques Currently in use North America
• I-125 & Ru-106 Europe/Asia

• Peripapillary or macular tumors or +exudative retinal detachment 
have poorer visual outcome and local control

• Not recommended for 
– EOE
– very large tumors 
– blind painful eyes 

ARRO Webinar  January 13, 2020 kavita.mishra@ucsf.edu

UM: Plaque Therapy

Source: ABS-OOTF, Brachytherapy 2014; 13:1-14 



• Procedure:
– Verify tumor and plaque position in OR 
– Patient discharged with lead eye shield and relevant precautions
– Returns for plaque removal

• Dose range 70-100 Gy to apex over ~5-7 days
• Dose rate 0.60-1.05 Gy/hr
• I-125 common dosing 85 Gy to tumor apex (base + 2mm 

margin) over 1 week 
• 5-year local control rates averaged ~89.5%
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UM: Plaque Therapy

Source: ABS-OOTF, Brachytherapy 2014; 13:1-14 



UM: Question* - Plaques
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Overview of ocular melanoma and proton technology: 
What do we know from the past 50 years?

Clinical data & outcomes:
Which factors matter for which outcomes?
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Table 65-4: COMS and UCSF-LBL Trials 

Trial    Arm   5y Local control  5y CSS 5y OS 

COMS small tumor cohort*  Observation     99% 94% 

COMS medium natural history arm* Deferred/Declined therapy     70% 

COMS medium tumor trial  Plaque I-125  89.7%   91% 82% 

    Enucleation     89% 81% 

COMS large tumor trial  Enucleation alone  95%   72% 57% 

    Pre-enucleation RT  100% (p=0.03)  74% 62% 

 

       Local control Enucleation CSS 

UCSF-LBL trial**   Charged particle***  100% (p<0.001) 9.3%  92% 

    Plaque I-125***  87%  17.3%  92% 
*Non-randomized natural history arms 

**University of California San Francisco – Lawrence Berkeley Laboratory 

***Mean f/u 42 mos (Charged particle - Helium arm); 41 mos (Plaque I-125) 

Source: Mishra et al, Uveal Melanoma, in Textbook for Radiation Oncology, 2nd edition

UM: Local Therapy Trials
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Results

Follow-up

The overall median follow-up did not differ between the
particle and plaque arms (14.6 years and 12.3 years,
respectively; PZ.22) and for patients who were alive at last
follow-up (18.5 and 16.5 years, respectively; PZ.81). The
range of follow-up was 1.4 to 24.7 years for particle
patients and 2.0 to 25.5 years for plaque patients.

Local tumor control

LC was significantly improved after CPT; the 12-year LC
rates in the particle and plaque arms were 98% (95% CI:
88%-100%) and 79% (95% CI: 68%-87%), respectively
(log rank: PZ.0006). The 5-year LC rates were 100% and
84%, respectively (Fig. 1a). Using multivariate techniques
(LLR test), CPT was the most important predictor of
improved LC (PZ.0002), followed by longer distance to
fovea (PZ.04), and smaller tumor diameter (PZ.02).

In the plaque arm, 9 of 17 local recurrences were in
patients with a tumor <2 mm from the optic disc (range:
0-1.5 mm tumor-to-disc distance). Of the remaining 8
plaque failures, 3 were diffuse failures; 2 were marginal
misses; and 3 showed significant intratumoral hemorrhage,
considered diffuse failures. For plaque patients, greater
apical margin showed no significant effect on LC; also,
higher dose rate and shorter treatment duration showed no
improved LC (LLR test: P!.20).

Tumors close to the optic disc

At the time of this trial, patients with tumors close to the
disc were included for plaque therapy. Since then, results
from our group as well as others have shown that these
patients may have poorer LC with plaques. Hence, we
completed a subgroup analysis within the plaque arm,
studying LC depending on tumor-to-disc distance. This
showed poorer LC if the tumor-to-disc distance was
<2 mm (nZ32) versus !2 mm (nZ66) for plaque patients,
with LC of 72% versus 90%, respectively, at 5 years, and
64% versus 86%, respectively, at 12 years (log rank:
PZ.03). Conversely, with only 2 local recurrences
observed among those treated with particle therapy and a
disc tumor distance of !2 mm in both patients, no differ-
ence due to distance to the disc was observed.

Excluding patients with tumors close to the disc, the
particle arm showed significantly improved LC results (log
rank: PZ.048) (Fig. 1b).

Enucleation

The enucleation rate was significantly lower after CPT (log
rank: PZ.01) (Fig. 2). The 12-year enucleation rates due to
local failure and/or toxicity in the particle and plaque armswere

17%versus 37%and the 5-year rateswere 11%versus 22%.For
enucleation cases in the particle arm, the median time to
enucleation was 53 (range 11-262) months versus 47 (range
2-190) months in the plaque arm, respectively. In the particle
therapy cohort, a total of 2 patients were enucleated due to lack
of tumor control and 15 due to other complications, mainly
neovascular glaucoma. In the plaque arm, a total of 17 patients
underwent enucleation due to lack of tumor control and 16 due
to other complications. Using multivariate methods, we found
CPT was the only significant predictor of prolonged eye
preservation (LLR test: PZ.01) owing to the difference in
frequency of enucleation due to local tumor recurrence.

Cause-specific, disease-free, and overall survival

CSS at 12 years for particle versus plaque treatment arm
was 80% (95% CI: 69%-87%) versus 76% (CI: 65%-84%)
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0     5   10   15   20  year.
# at Risk:   CPT       66   49   34   25   13

I-125      66   44   31   18   10

A

B

5 Y Est. 12 Y Est.

Fig. 1. (a) Kaplan-Meier estimates of local control after
CPT with helium-ion and I-125 plaque therapy (log rank:
PZ.0006). (b) Kaplan-Meier estimates of local control after
CPTor plaque therapy for tumors!2 mm from the optic disc
(log rank: PZ.048). CPT Z charged particle therapy.

Mishra et al. International Journal of Radiation Oncology " Biology " Physics4

• Local Control significantly higher with Particles
• LC plaques ~ meta-analyses and COMS data

• LC advantage remains even for tumors ≥2 mm from optic disc
Ø 98 vs 86% LC at 12 years

ARRO Webinar  January 13, 2020 kavita.mishra@ucsf.edu

UCSF: Particles v Plaque Update

Source: Mishra et al., IJROBP (2015) 92: 376-383



among the lowest treatment failure rates of 0% and 1.7% used
routine intraoperative ultrasound for plaque localisation during
brachytherapy.7 8 These data suggest that intraoperative ultrasound
plaque localisation during brachytherapy may reduce the risk of
local treatment failure. One can speculate that the optimised
plaque placement reduces geographic misses, thereby improving
local treatment success rates.

The weighted mean tumour LBD and height among studies
using iodine-125 brachytherapy were 11.1 mm and 4.8 mm,
respectively. In the Collaborative Ocular Melanoma Study,
tumours eligible for iodine-125 brachytherapy were less than
16.0 mm in LBD and 10.0 mm in height.9 The maximum
tumour height was 8.0 mm when the tumour was near the disc.
Many studies use these parameters to determine eligibility
for globe-sparing therapy. At the Jules Stein Eye Institute,
we use the following maximal dimensions for iodine-125

brachytherapy: apical height of 10 mm, and LBD of 16–17 mm,
with absolute necessity for ultrasound confirmation of borders.

Ruthenium-106 emits β-particles that only travel a limited
distance (4–5 mm)10; therefore, ruthenium-106 is most appropri-
ate for brachytherapy of tumours less than 5.4 mm in height.5 11

The weighted mean local failure rate among studies using
ruthenium-106 brachytherapy was 9.6%, identical to the rate cal-
culated for iodine-125. Local recurrence may be reduced when
adjuvant transpupillary thermotherapy is used in combination
with ruthenium-106 brachytherapy. The two studies that used
ruthenium-106 plaques and reported the lowest local failure rates
both used adjuvant transpupillary thermotherapy.11 12

Photon-based external beam radiation therapy
The rate of local treatment failure with photon-based external
beam radiation therapy (gamma knife radiosurgery or

Table 2 Comparison of radiation, surgical and laser treatment modalities

Modality
No. of studies
included

Weighted mean rate of local
failure (%)

Weighted mean tumour
LBD (mm)

Weighted mean tumour
height (mm)

No. of pts.
included

Radiation (n=11435)
Iodine-125 brachytherapy 13 9.60 11.10 4.80 2104
Ruthenium-106 brachytherapy 7 9.60 10.90 4.10 1653
Palladium-103 brachytherapy 1 4.00 10.30 3.90 100
Cesium-131 brachytherapy 1 9.00 12.60 5.40 11
Gamma knife radiosurgery 4 9.50 N/A 7.70 262
Fractionated radiotherapy 2 6.20 11.40 4.60 262
Proton beam radiation therapy 7 4.20 14.00 5.50 6825
Helium ion radiation therapy 1 4.60 11.90 6.70 218
Weighted average 6.15 12.90 5.21

Surgical (n=537)
Endoresection 3 4.60 9.60 7.90 86
Trans-scleral resection 2 21.3 13.60 8.00 451
Weighted average 18.6 12.96 7.98

Laser (n=552)
Transpupillary thermotherapy 7 20.80 7.00 2.50 552
Weighted average 20.80 7.00 2.50

LBD, largest basal diameter; No., number; Pts., patients.

Table 3 Comparison of radiation modalities

Modality
No. of studies
included

Weighted mean rate of local
failure (%)

Weighted mean tumour
LBD (mm)

Weighted mean tumour
height (mm)

No. of pts.
included

Brachytherapy (n=3868)
Iodine-125 brachytherapy 13 9.60 11.10 4.80 2104
Ruthenium-106 brachytherapy 7 9.60 10.90 4.10 1653
Palladium-103 brachytherapy 1 4.00 10.30 3.90 100
Cesium-131 brachytherapy 1 9 12.60 5.40 11
Weighted average 9.45 11.00 4.48

Photon-based external beam radiation therapy (n=524)
Gamma knife radiosurgery 4 9.50 N/A 7.70 262
Fractionated radiotherapy 2 6.20 11.40 4.60 262
Weighted average 7.85 11.40 6.15

Charged particle radiation therapy (n=7043)
Proton beam radiation therapy 7 4.20 14.00 5.50 6825
Helium ion radiation therapy 1 4.60 11.90 6.70 218
Weighted average 4.21 13.93 5.54

N/A, not available; No., number; pts., patients.

808 Chang MY, et al. Br J Ophthalmol 2013;97 :804–811. doi:10.1136/bjophthalmol-2012-302490

Review

 group.bmj.com on September 17, 2013 - Published by bjo.bmj.comDownloaded from 
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Meta-Analysis I: Particles v Plaque Therapy

Source: Chang & McCannel Br J Ophthalmol 2013; 97:804-811

LC higher with Particles despite larger mean tumor size
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Meta-Analysis II: Particles v Plaque Therapy

Source: Wang et al. Int J Radiation Oncol Biol Phys, 2013; 86(1):18-26

”We found a significantly lower incidence of radiation retinopathy 
with CPT… CPT uses more uniform dose distribution with a lower dose 
delivered to a smaller volume of retina.”
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Dosimetry: Particles v Plaque Therapy



Particles Plaques SRS/SRT

• Excellent LC with long f/u
• Uniform dose distribution
• Critical structure dosing
• 1-2 min rx time
• Anterior side effects 

(eyelids, glaucoma, 
telangiectasias, dry eye, 
tear duct stenosis)

• Accessible
• LC for large or 

peripapillary/macular 
tumors

• Penumbra (I-125)
• Eye preservation
• Radiation exposure
• Diplopia, Retinopathy

• Shorter f/u
• No surgery
• Dose inhomogeneity
• Eye fixation/monitoring 

variable
• Longer rx times
• Higher body doses
• Complications

Source: Chang & McCannel Br J Ophthalmol 2013; 97:804-811; Wang IJROBP 2013; 86:18-26; Mishra 
et al, Uveal Melanoma, in Textbook for Radiation Oncology, 2nd edition
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UM: Local RT Considerations



3y VA: Protons > SRS

UM: SRS Considerations
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Source: Sikuade et al (2015) Eye 29:1194-1198 



• Protons à Lower peripheral doses than GK, CK, SRS/SRT
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UM: SRS Considerations

Source: Zytkovicz, Phys Med Biol 2007; 52:5957-5971



Cost Effectiveness

• Short course cost effectiveness
• Additional costs comparison (retinopathy, clinic, vision) 

Treatment Medicare 
reimbursement

Range

Enucleation $8,678 ($6-13K)

Plaque brachy $19,108 ($13-29K)

Proton beam (4-5 fractions) $12,438 ($8-19K)
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Source: Moriarty et al., PLoS One (2015) 10(5): e0127814



UM: Question* - Proton & Plaque
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* American College of Radiology In-Training Examination for Radiation Oncology Residents
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UM: Question* - Proton & Plaque
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UCSF-CNL Proton Ocular Program

Pt dx and transfer 
care to 
ocular/radiation 
oncologist

Pt decide PBRT; 
Tantalum ring placement

Simulation in 
Rad Onc w/ 
immobilization 
device and 
orthogonals

Planning w/ 
EYEPLAN; anterior 
structure sparing 
technique*

Treatment 
at CNL

56 GyE in 
four daily 
fx of 14 
GyE
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UCSF-CNL Proton Ocular Program

Pt dx and transfer 
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Treatment 
at CNL

56 GyE in 
four daily 
fx of 14 
GyE
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Courtesy of Armin Afshar, MD MBA (UCSF)

UCSF-CNL: Surgery

Very active 
communication



UCSF-CNL Proton Ocular Program

Pt dx and transfer 
care to 
ocular/radiation 
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Treatment 
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56 GyE in 
four daily 
fx of 14 
GyE
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UCSF-CNL: Simulation



UCSF-CNL Proton Ocular Program

Pt dx and transfer 
care to 
ocular/radiation 
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Treatment 
at CNL

56 GyE in 
four daily 
fx of 14 
GyE



Input:
1. Ultrasound tumor and 

eye measurements
2. Clinical exam and 

drawings
3. Fundus photograph 
4. Surgical T-ring drawing 

with relation to tumor, 
limbus, inter-ring 
distances, etc.

5. Simulation
6. MRI
7. Angiogram
8. Other

DVH

Use eye position, beam 
parameters, margins, etc. 
to ensure tumor coverage 
and minimize dose to 
critical structures 
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UCSF-CNL: Treatment Planning
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UCSF-CNL: Treatment Planning
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UCSF-CNL: Treatment Planning

Protect optic disc/ nerve/ macula



UCSF-CNL: Treatment Planning
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UCSF-CNL: Treatment Planning
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Proton Eye: Treatment Planning

Courtesy of PTCOG-Ocular OPTIC
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UCSF-CNL Proton Ocular Program

Pt dx and transfer 
care to 
ocular/radiation 
oncologist

Pt decide PBRT; 
Tantalum ring placement
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Rad Onc w/ 
immobilization 
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EYEPLAN; anterior 
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Treatment 
at CNL

56 GyE in 
four daily 
fx of 14 
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OM & Protons: Dose Particles vs Plaques

Ocular Tumors

Practice Patterns Analysis of Ocular Proton
Therapy Centers: The International OPTIC Survey
Jan Hrbacek, PhD,* Kavita K. Mishra, MD, MPH,y

Andrzej Kacperek, PhD,z Remi Dendale, MD,x Catherine Nauraye, PhD,x

Michel Auger, Eng,x Joel Herault, PhD,k Inder K. Daftari, PhD,y

Alexei V. Trofimov, PhD,{ Helen A. Shih, MD,{ Yen-Lin E. Chen, MD,{
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Summary

The international ophthalmic
proton therapy community
was surveyed on treatment
planning systems, hardware/
software equipment, image
acquisition/registration, pa-
tient positioning, eye sur-
veillance, beam delivery,
quality assurance, clinical
management, and workflow.

Purpose: To assess the planning, treatment, and follow-up strategies worldwide in
dedicated proton therapy ocular programs.
Methods and Materials: Ten centers from 7 countries completed a questionnaire
survey with 109 queries on the eye treatment planning system (TPS), hardware/soft-
ware equipment, image acquisition/registration, patient positioning, eye surveillance,
beam delivery, quality assurance (QA), clinical management, and workflow.
Results: Worldwide, 28,891 eye patients were treated with protons at the 10 centers as
of the end of 2014. Most centers treated a vast number of ocular patients (1729 to
6369). Three centers treated fewer than 200 ocular patients. Most commonly, the cen-
ters treated uveal melanoma (UM) and other primary ocular malignancies, benign
ocular tumors, conjunctival lesions, choroidal metastases, and retinoblastomas. The
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situated in larger proton therapy centers, which have 2 to 3
treatment rooms in addition to the dedicated eye-line
(various combinations of fixed beam lines and gantries).

Patient numbers

The PTCOG registered 29,249 patients treated with OPT up
to the end of 2014 (8) (carbon ion and pion treatments are
excluded from these statistics). The centers participating in
the survey treated a combined 28,891 patients by the date.
This corresponds to 98.8% of uveal melanoma proton pa-
tients worldwide. The total number of eye tumors treated by
the surveyed centers varied significantly from 49 to 6369.
Within the surveyed centers, 74.3% and 97.9% of patients
were treated by the top 4 and 7 centers, respectively, with the
largest individual patient share. Figure 1 details the number
of patients treated by centers from 2012 to 2014. The total
increased from 1428 to 1536 per year during this period, and
the patient numbers increased at 5 centers, decreased at 2, and
remained stable (within !5% of the average) for 3 centers.

Indication and fractionation regimen

The indications for proton therapy are listed in Table 2.
The most common ocular treatment for all centers was

Table 1 Alphabetical list of ocular proton therapy centers participating in the survey

BC Cancer Agency e TRIUMF, Vancouver, Canada
Center for Proton Therapy, Paul Scherrer Institut, Villigen, Switzerland
Centre Antoine-Lacassagne, Nice, France
Centre de Protonthérapie d’Orsay, Institut Curie, Orsay, France
Clatterbridge Cancer Centre, UK
F.H. Burr Proton Therapy Center, Massachusetts General Hospital, Boston, MA, USA
Institute of Nuclear Physics, Polish Academy of Sciences, Krakow, Poland
Protons for Therapy, Helmholtz-Zentrum Berlin, Berlin, Germany in cooperation with BerlinProtonen am HZB,
Charité e Universitätsmedizin Berlin, Berlin, Germany

UCSF Ocular Tumor Proton Therapy Program e University of California San Francisco at Davis, CA, USA
University of Florida Proton Therapy Institute, Jacksonville, FL, USA

1 2 3 4 5 6 7 8 9 10
2012 222 310 269 115 146 225 123 9 4 5
2013 198 332 253 119 149 228 106 5 24 20
2014 215 351 266 127 179 213 108 7 46 24
total 6369 5433 5205 4689 2625 2525 1729 182 85 49
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Fig. 1. Number of eye patients treated with proton ther-
apy by 10 centers in total and in past 3 years (sorted in
descending order by total number of patients).

Table 2 Type of eye tumors treated with proton therapy by
10 centers and fractionation schemes

Type eye tumor (no. of centers
treating this eye tumor)

Fractionation schemes
(no. of centers)

Uveal melanoma (10) 70 GyRBE/5 fx (1)*

60 GyRBE/4 fx (7)
58.4 GyRBE/4 fx (1)
56 GyRBE/4 fx (1)

Iris melanoma (9) 70 GyRBE/5 fx (1)
60 GyRBE/4 fx (4)
58.4 GyRBE/4 fx (1)
56 GyRBE/4 fx (1)
54-60 GyRBE/4 fx (1)
50 GyRBE/4 fx (1)

Conjunctival melanoma (9) 70 GyRBE/5 fx (1)
60 GyRBE/4 fx (2)
60 GyRBE/8 fx (1)
58.4 GyRBE/4 fx (1)
56 GyRBE/4 fx (1)
50 GyRBE/4 fx or 8 fx (1)
45 GyRBE/8 fx (1)
20.4-21.8 GyRBE/4 fx (1)

Ocular hemangioma (8) 20 GyRBE/8 fx (3)
20 GyRBE/8 fx (1)
19.8 GyRBE/4 fx (1)
18-22 GyRBE/4 fx (1)
18 GyRBE/4 fx (1)
15 GyRBE/4 fx (1)

Macular degeneration (4) 24 GyRBE/2 fx (2)
19.8 GyRBE/4 fx (1)
18 GyRBE/2 fx (1)

Angioma (5) 35 GyRBE/5 fx (1)
20 GyRBE/4 fx (1)
20 GyRBE/8 fx (1)
19.8 GyRBE/4 fx (1)
18 GyRBE/4 fx (1)

Choroidal metastasis (5) 60 GyRBE/4 fx (1)
45 GyRBE/4 fx (1)
40 GyRBE/4 fx (1)
20-24 GyRBE/2 fx (2)

Retinoblastoma (1)y 31.6 GyRBE/6 fx (1)

Abbreviation: fx Z fraction.
* 50 GyRBE/5 fx for small posterior tumors.
y Massachusetts General Hospital treats retinoblastomas on

gantries, 45 Gy in 25 fx. These are not counted toward the eye-line
totals.
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Consistency of proton UM dose 
~60 GyE/4



UCSF: NVG & Dose 

• Overall 5y NVG risk 12.5% 
• Vol Ciliary Body and Disc dose ≥ 28 GyE

Dendale et al (12) found that rate of enucleation due to
complications was related to tumor thickness and volume of lens
treated (!43% receiving !30 GyE). In the present study, the data
show a relationship between the extent of normal tissue irradiation
and the extent of NVG. Doseevolume histogram analysis
confirms that when >30% of the anterior critical structures (lens
or CB) received !50% Dose (!28 GyE), there was a substantially
higher probability of NVG (P<.0001). These parameters may
assist in clinical practice to help in evaluating NVG risk and as
potential dose guidelines for planning purpose. The challenge
remains to determine the exact cause (ie, direct injury, tumor
effects, inflammation, or other causes); and although a relationship

is observed in this study cohort between critical structure dose and
NVG risk, causation cannot be proven.

Posterior structure dose and NVG

The distance to the disc and resultant dose have been identified as
potential risk factors for NVG (3, 15). Patients treated in Japan for
unfavorably located and larger UM tumors by carbon ion with and
without optic disc irradiation have been shown to have 3-year
NVG rates of 62.9% versus 28.4%, respectively (20). In the
present study, multivariate analysis indicated that significant
predictors of NVG included the percent treated disc and nerve.
The dose to these structures is clearly related to the tumor loca-
tion. Major branches of the central retinal artery may be occluded
by both tumor location and radiation to this area, thus potentially
leading to increased posterior segment ischemia. Unlike mini-
mizing the dose to the CB and lens by changing beam entry angle,
when treating posterior segment tumors it is often not possible to
decrease dose to the disc or macula owing to the presence of
tumor in this region, although a portion of the structure may be
spared by careful beam shaping.

Conclusion

Charged particle therapy has been a mainstay of treatment for
UM, although NVG has historically been a major complication.
This study provides evidence that the overall occurrence of NVG
and enucleation due to NVG are low compared with historical
reports. The data support that tumor size, as well as critical
structure dosing, are both independently predictive of NVG.
Doseevolume histogram analysis showed that when both anterior
and posterior critical structure doses reached certain dose levels
the NVG incidence was highest, compared with if anterior or
posterior or both dose levels could be lowered. The relationship
between NVG and critical structure doses has supported the role
for tissue sparing in treatment planning when appropriate and
possible, to potentially lower the overall risk of NVG-related
morbidity. Although individual variability exists, clinically the
specified tumor and doseevolume parameters potentially help in
further evaluating NVG risk.
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Fig. 3. Kaplan-Meier neovascular glaucoma (NVG) estimates
after proton beam therapy as a function of anterior and posterior
structure dose volume parameters with (a) %volume of ciliary
body (CB) and %disc receiving !50% Dose (P<.0001); and (b) %
volume of lens and macula receiving !50% Dose (P<.0001). In
(a) and (b), anterior dose volume cut point “þ” signifies that
>30% of the CB or lens volume received !50% Dose (28 GyE or
higher). Posterior dose volume cut point “þ” signifies that 100%
of the optic disc or macula received !50% Dose. When both
factors were at increased levels, NVG incidence was highest.
When either anterior or posterior dose only was at or above the
specified cut points, NVG occurrence was intermediate. When
neither dose volume cut point was met, then NVG incidence was
lowest.
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4 mm

~3/4 of our posterior tumors <4 mm from disc or fovea

UCSF: Posterior Structures & Dose 

59 ARRO Webinar  January 13, 2020 kavita.mishra@ucsf.edu
Courtesy: Inder Daftari, PhD
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Plaque Proton

Dmax 42GyE optic disc, 15GyE macula, 
12GyE lens

Dmax 0GyE to optic disc, macula, & lens

Scholey J, Weinberg V, Daftari I, Mishra K. Pilot study on critical structure dosing for ocular melanoma radiation 
techniques: An analysis of I-125 brachytherapy plaque and dedicated proton eye beamline treatment planning 
dosimetry. AAPM/PTCOG-NA, 2019.

Eye Tumors: UCSF proton beam vs I-125 plaques



UCSF: Vision & Dose 
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• Disc, Macula, Nerve length dose ≥ 28 GyE
• Those with favorable baseline, ~50% maintain 

excellent vision 
• Sparing of each counts – macula or disc/nerve



UCSF: Clinical Methods - Anterior Structure Dose 

• Structures to consider: 
Eyelashes, eyelid, tear duct, 
lacrimal gland

Methods:

• Retractors with light field; 
multiple types; 0-3

• Local anesthetics, tape, 
time frame 

• Tilt, rotation
• Upper lid > lower; rim 

avoidance
• Aesthetics & QOL short and 

long-term
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Improved short and long-term eyelid and 
aesthetic results with careful retraction 
methods and treatment planning angle.

63 ARRO Webinar  January 13, 2020 kavita.mishra@ucsf.edu

UCSF: Clinical Methods - Anterior Structure Dose 



UCSF-CNL Proton Ocular Program

Pt dx and transfer 
care to 
ocular/radiation 
oncologist

Pt decide PBRT; 
Tantalum ring placement

Simulation in 
Rad Onc w/ 
immobilization 
device and 
orthogonals

Planning w/ 
EYEPLAN; anterior 
structure sparing 
technique*

64 ARRO Webinar  January 13, 2020 kavita.mishra@ucsf.edu
Source: *Daftari et al, IJROBP 1997, 39:997–1010

Treatment 
at CNL

56 GyE in 
four daily 
fx of 14 
GyE



UCSF Ocular: Dedicated (low energy) fixed eye beamline
• Helium ions (LBNL 77-92) and 

plaques (UCSF)
• Protons (Crocker): since 1994

– 76-inch cyclotron 
– 67.5 MeV proton beam

Slide courtesy of Scholey. Daftari et al. An overview of the control system for dose delivery at the UCSF dedicated ocular proton 
beam. International Journal of Medical Physics, Clinical Engineering and Radiation Oncology. 2016. 5. P 242-2. 
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• Tantalum rings / IGRT 

• Gaze fixation (affected >> healthy)

• Eye pupillary tracking

• 56 GyE in 4 daily fx

EyePlan TPS

UCSF Ocular: Dedicated (low energy) fixed eye beamline

ARRO Webinar  January 13, 2020 kavita.mishra@ucsf.edu
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UCSF Ocular: Dedicated (low energy) fixed eye beamline
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UCSF Ocular: Pupillary Magnification & Tracking

Careful IGRT & tracking to ensure 
dose delivery and critical structure sparing
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Proton Ocular: Clatterbridge Eyeline 

ARRO Webinar  January 13, 2020 kavita.mishra@ucsf.edu
Courtesy: Andrzej Kacperek, PhD (Clatterbridge)



Proton Ocular: Clatterbridge Eyeline 
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• More inhomogeneity
• Higher critical structure doses

o Optic disc dose 
o Retina, nerve dose 
o Anterior dose ciliary body, lens 
o Lacrimal gland

ARRO Webinar  January 13, 2020 kavita.mishra@ucsf.edu

Proton Beamlines: Degraded non-dedicated high energy



R&D: Spot-scanning gantry based system

• Ring location – x-ray 
imager
• Resolution flat panels
• Onboarding

Simulation
• Immobilization 

device, mask
• Sim process 

gaze angles, 
eyelids
• CT-based

Planning:
• Distal & Lateral fall-off 
• Range uncertainty
• Dose, margins required
• Beam/gaze angles
• 3D and 2D image fusion
• Spot scanning optimization
• Software-Aperture calcs
• Monte Carlo/TOPAS/Eclipse
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Treatment: 
•Dose rate, treatment time
•Gaze fixation and eye 

tracking systems
• Light field, work flow
•Couch rotation, head tilt, 

eyelid retraction for surface 
dose
•Displacement of snout on 

nozzle
•Portable set up accuracy
•Neutron dose

• Aperture 
production
• Collimation 

accuracy and 
reproducibility
• QA for snout, 

portable set-up



UM: Question* - Proton Spot Scanning
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Source: https://www.acr.org/Search-Results#q=radiation%20oncology%20in-training%20examination

* American College of Radiology In-Training Examination for Radiation Oncology Residents



UM: Question* - Proton Spot Scanning
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Source: https://www.acr.org/Search-Results#q=radiation%20oncology%20in-training%20examination

* American College of Radiology In-Training Examination for Radiation Oncology Residents
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Ø Local control
Ø Eye preservation
Ø Complications

• Max tumor dose/ homogeneity
• Optic disc and nerve dose
• Retina
• Anterior dose CB/lens 
• Lacrimal gland
• Surface/Eyelid, tear duct
• Muscles, brain, orbit

ARRO Webinar  January 13, 2020 kavita.mishra@ucsf.edu

R&D: Considerations

High risk pts



OM & Protons 
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Rare disease specialty centers with 
advanced eye proton planning and 
treatment delivery teams

LC and QOL/Vision outcomes to evaluate RT modalities

Excellent long term LC and eye 
preservation with proton beam
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