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169Yb Source Properties

• High specific activity, 93 keV avg photon energy, half-life of 32 days

• Similar radial dose function to 192Ir

• Manufacturer: Source Production & Equipment Co., Inc (SPEC)

• FDA-Cleared

• Source dimensions: 0.60 mm diameter, 3.5 mm length, 1 mm3

• Compatible with existing afterloaders, intracavitary or interstitial

• Maximum activity in 1 mm3 volume: 27 Ci

• Provides same dose rate in water at 1 cm as 10 Ci of 192Ir
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169Yb Rationale Development

Med Phys 19, 696 – 703 (1992)

169Yb Rationale Developing …

Int J Radiat Oncol*Biol*Phys 28, 953 – 970 (1994)

169Yb Rationale Developing …

Reynoso FJ, et al, Med Phys 41, 101709 (2014) 
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Patented 169Yb Source

169Yb Source Calibration Groundwork Laid

Med Phys 35, 3935-3942 (2008)

169Yb Source Calibration Groundwork Laid

VanDamme et al, Med Phys 35, 3935-3942 (2008)
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169Yb Sources can be Effectively Shielded

Unshielded 192Ir
Partially-shielded 169Yb

with 45° emission angle

From Quentin Adams and Karolyn Hopfensperger

Pt shield

1.6 mm

What can be done with a partially-shielded HDR source?

Partially-shielded source

Unshielded
192Ir-like

Source

Conformity

improvement

Partially

Shielded
192Ir-like

Source

Includes external 

beam radiotherapy 

dose: 1.8 Gy x 25

Challenges with Cervical Cancer High-Dose-Rate Brachytherapy

Bladder

Sigmoid 

Colon

HR-CTV
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Interstitial HDR-BT Improves Dose Distributions

Images from Kirisits et al, IJROBP 65, 624-30 (2006)

The Intracavitary/Interstitial Approach Works

L. Fokdal et al, Radiother Oncol 120, 434-440 (2016)

Pötter et al, "The EMBRACE II study...” Clin Transl Radiat Oncol 9, 48-60 (2018)

• RetroEMBRACE: Retrospective study 

completed prior to EMBRACE I (2008)

• Local control at 3 years for HR-CTVs ≥30 cm3

• 92% at centers practicing IC/IS (n=169)

• 82% at centers practicing IC only (n=118)

• EMBRACE II: Launched in 2016

• ≥20% of patients at a participating center 

must receive IC/IS

Dynamic Modulated Brachytherapy (DMBT) 

System Design

Han et al., Int J Radiat Oncol Biol Phys 2016;96(2):440-448.From William Song, Ph.D.
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DMBT Design

DMBT Tandem Prototype - Concept

From William Song, Ph.D.

DMBT with 169Yb

DMBT Tandem Prototype - Concept

From Safigholi et al, Med Phys 44, 6538-6547 (2018)

Axial dose distributions

DMBT in Cervical Cancer Works Better with 
169Yb than with 192Ir

DMBT Tandem Prototype - Concept

Safigholi et al, Med Phys 44, 6538-6547 (2018)

For 45 patients with HR-CTV doses normalized to the 

same D90 delivered with 192Ir using conventional tandem-

and-ring:

• Mean bladder D2cc reduced by:

• 4.07% for 192Ir-based DMBT

• 5.13%, for 169Ir-based DMBT

• Mean rectum D2cc reduced by:

• 3.17% for 192Ir-based DMBT

• 4.65% for 169Yb-based DMBT

• Mean sigmoid D2cc reduced by:

• 3.63% for 192Ir-based DMBT

• 4.34% for 169Yb-based DMBT
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Rotating Shield Brachytherapy for Cervical Cancer

Key Component:

Radiation Source

From Bounnak Thammavong

The Multi-Shield Approach to Reducing Treatment Times

For the full story and results, please attend  
Hopfensperger et al, TH-A-301-4, 7:30 am Session

Non-invasive cervical cancer HDR sounds great. What’s the catch?

• 169Yb is expensive to generate

• We estimate $55,000 / yr in 82%-enriched 168Yb-Yb2O3 is 

needed to generate 1 clinic-year of 169Yb in a 1 mm3 source

• This would be pure overhead beyond the cost to generate 
192Ir, which has a very inexpensive precursor that is 

essentially $0

• Making 169Yb economically viable requires a strategy for cost-

effective 169Yb production
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How to not waste expensive precursor and reactor time

Goal activity for

shipment: 30 Ci

Conventional-

sized sources 

(~1 mm3) are 

inefficient to 

activate and 

have high 

precursor 

waste

169Yb Activation / Re-activation Approach

Summary:

For a 1 mm3 169Yb source:

- One activation possible

- ~6 mg of 168Yb precursor 

discarded per activation. 

- Precursor cost is $692/mg

For a 3 mm3 169Yb source:

- 10 Activations possible

- ~6 mg of precursor 

discarded after 10 

activations

- Source is 0.6 – 0.69 mm 

in diameter, 8 – 10.5 mm 

long

1 2 3 4 5 6 7 8 9 10

Flynn RT et al, Med Phys 46, 2935-2943 (2019)

169Yb Source Generation Conclusions

• The key to cost-effective 169Yb source production is re-activation, which requires 
increasing source volume
• Going from conventional 1 mm3 to 3 mm3 results in 75% cost savings
• Estimated precursor cost per clinic year drops from $55,000 to $14,000

• Longer sources limit allowable curvature in applicators
• This is a solvable RSBT applicator design challenge
• The unviable economics of forcing 169Yb into the ~1 mm3 source volumes 

used for 192Ir is a harder challenge to address
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Prostate Cancer Statistics

• Much larger market potential than cervical cancer

• 175,500 new diagnoses expected in 2019

• 11% of men expected to be diagnosed with prostate cancer at some point 
during their lifetime (SEER 2019)

• 5-year relative survival rates for localized prostate cancer are >99%

• 32,000 deaths expected in 2019, 2nd highest for cancer death in men

Siegel et al, “Cancer Statistics, 2019,” CA Cancer J Clin 69,7-34 (2019)

One-Shot Prostate HDR-BT Clinical Results Summary
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Grade ≥ 3 Toxicity (%)

Acute Late

GU GI GU GI

Mt. Vernon Hospital, UK 
(2017)

19 Gy x 1
20 Gy x 1

24
26

Int, High
Int, High 4.0 y 94% ≤9 0 2 0

Santander, Spain (2018)
19 Gy x 1

20.5 Gy x 1
60
60

Low, Int
Low, Int

6.0 y
6.0 y

66%
82%

0
0

0
0

0
0

0
0

Toronto Sunnybrook (2017) 19 Gy x 1 87 Low, Int 2.25 y 92% 1.1 0 1.1 0

Oakland U., Michigan (2019) 19 Gy x 1 68 Low, Int 5 y 73.4% 0 0 0 1%

Three of Four Groups are Suggesting Dose Escalation

“A strategy of focused dose escalation may be more relevant in prostate cancer patients treated 
with a single dose of HDR-BT as the pattern of relapse after 19 Gy occurs in areas previously 
encompassed by the disease, and insufficient biochemical control with this dose fractionation has 
been reported also by other authors (Prada et al (2016)).”

- Mendez, …, Morton, Brachytherapy 17, 291-297 (2018)

“Biochemical control data (for 20.5 Gy x 1) will require more mature data. In the future, if these 
data compared with LDR brachytherapy were worse, it would be necessary to escalate doses to 
the entire prostate or use focal boost to a higher dose.”

- Prada et al, Brachytherapy 17, 845-851 (2018)

“Future studies of single-fraction HDR monotherapy should focus on partial or whole gland dose 
escalation (above 19 Gy x 1).”

- Siddiqui ZA, …., Krauss DJ, Int J Radiat*Oncol*Biol*Phys, 
Accepted for publication Feb. 2, 2019 
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Next-Generation Brachytherapy For Prostate Cancer
Robotic RSBT Delivery System Catheter Drive Assembly

From Quentin Adams, M.D.

Unshielded vs. Shielded 169Yb Interstitial Source

Prostate RSBT Dosimetric Results

Figure from Quentin Adams, M.D.
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Dosimetric Results for 26 Patients

Treatment times: 26 Patients

Prostate Cancer RSBT Conclusions

- Major dosimetric advantage relative to conventional HDR-BT
- 30.8% boosting on average (n = 26) for dose escalation
- 23.9% urethral sparing on average (n = 26) for boost therapy

- Simple delivery approach that meets our key specifications:
- Needles remain flexible, multiple needle insertion depths possible
- One shield is inserted in the needles at a time – no inter-needle 

interference
- Delivery times reasonable with fresh sources: 

- Around 50 minutes for monotherapy and 30 minutes for boost 
therapy with a 27 Ci 169Yb source
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• AIM-Brachy system 

• Recently developed prototype 
for dynamic interstitial IMBT

• Potential application: prostate
cancer

• Collimation of 169Yb source 
using platinum shields

HDR BT IMBT

Prostate IMBT System Design from McGill (Enger) Group

From Shirin Enger (2019)

For updated information, attend: Famulari et al, TH-A-301-11, 7:30 am session
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