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August 10, 2009 g

Drew Weisenberger, PhD
Jefferson Lab
12000 Jefferson Avenue

Newport News, VA 23606

Dear Dr. Weisenbeger:

I am writing this letter in support of your project to develop a hand-held PET imaging
system for intraoperative guidance for the resection of primary breast tumors.

Currently, breast conservation surgery includes the resection of the primary tumor

followed by radiation therapy. Instrumental in the resection is achieving negative
margins prior to proceeding on to radiation therapy. At this point, there are a variety of
methods to analyze adequacy of the margins at the time of the surgical operation. These
include but are not limited to intraoperative ultrasound, specimen radiograph and frozen
section analysis of the specimen. Unfortunately, these have significant limitations and
despite these attempts, women may have to retum to the operatingroom for further
surgery weeks from their first operative intervention. The hand held PET imager would
assist in assessin

g 

the location of the ttmior as well as any function tumor left within the

lumpectomy bed thereby guiding the surgeon to further the margin of resection while in
the operating room. Tlieygoal would bevto remove just the tunior and

tissue around the tumor — maximizing the cancer resection while
distortion of the residual breast. -

a rim of normal
minimizing the

I look forward to providing clinical relevant input when possible to help develop a hand-

held system that will facilitate even move precise removal of the primary breast tumor

while minimizing the cosmetic affect on the remaining breast.

Please feel Hee to call if any additional information might be of assistance.
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Status of JSA Initiative Fund Project FY2009: Handheld Gamma Camera for Cancer Surgery: 

!Summary: In nuclear medicine, biomarkers used to indicate the presence of cancer are labeled with radioactive isotopes 
and are called radiopharmaceuticals. Typically the method used to detect and image these biomarkers in the patient uses 
large “gamma cameras” which scan the whole patient’s body. Recently smaller “application specific” gamma cameras 
have been devised. Jefferson Lab (JLab) detector technology has been used to develop such application specific gamma 
cameras to help in the diagnosis and treatment of breast cancer. In addition, clinicians would greatly benefit from the 
availability of compact handheld gamma cameras that could be used to assist surgery involving the excision of lymph 
nodes associated with cancers, for example in melanoma and in breast cancer. The condition (“involvement”) of lymph 
nodes, which are a part of the lymphatic system, is used for cancer staging. For example, lymph node metastasis is a strong 
predictor of melanoma-associated mortality. However, the false negative rate for sentinel lymph node biopsy has been 
reported as high as 24%. Critical to the good patient outcome is a procedure that involves the surgical excision of lymph 

nodes implicated in cancer spread. The procedure, called lymphoscintigraphy, is 
providing visualization of lymph drainage patterns by using radioactively labeled 
biomarkers. Using a new, low weight, compact imaging technology capable of 
replacing bulky photomultiplier tubes used in standard clinical gamma cameras, 
JLab in collaboration with S. Majewski at West Virginia University (WVU) and M. 
Williams at the University of Virginia (UVa) has built a mobile gantry-mounted 

gamma camera and used it in surgery. We are using JSA Initiative Fund FY 2009 funds to design and assemble a novel 
compact handheld gamma camera light enough so the surgeon 
can use it to better position the camera to trace the lymph 
nodes. The handheld detector is being built based on 

lightweight silicon photomultipliers (SiPMs). SiPMs are a new type of photon counting device 
utilizing an array of tiny avalanche photodiode pixels operated in Geiger mode. We built and tested 

the operation of a JLab prototype device made of the 3x3mm2 elements (Hamamatsu MPPC with 50 
micron microcell size) in a 4x4 array with a 5mm pitch. In further consultation with the surgeons 
using the JLab gantry mounted device we have designed a light >8 cm total diameter 
device. The handheld device is to be built from 80 Hamamatsu MPPC SiPMs arranged to 
make a 5 cm diameter active surface device. 
Status: We obtained funds to start the project in December 2008. In January Hamamatsu 
model S10931-050P(X) SiPMs were ordered and in May we obtained the SiPMs. From the 

supplied specifications on each device provided 
from Hamamatsu we were able to design and test 
prototype circuits with the appropriate gain 

balancing circuitry. WVU ordered the construction of the 
MPPC printed circuit board in May and they will be finished 

by August 30. Based on experience with the JLab prototype the UVa partner designed a 
collimator. The compact 5.5mm thick parallel hole collimator and housing assembly for 
the gamma camera are being ordered as last part of the package from MikroSystems, Inc., 
Charlottesville, VA. It will be made of a tungsten-polymer composite material and have an active diameter of 60 mm with 
an overall collimator diameter of 75 mm and a housing outer diameter of approximately 80 mm. In addition, a second 
identical collimator will be made such that it can be stacked on the first, precisely aligned with it. The addition of the 
second collimator layer will improve the spatial resolution by ~2, but will decrease the efficiency by a factor of ~5. The 
second layer will be used where high spatial resolution is required and longer image acquisition times are acceptable. The 
scintillator to be used is a bright 6 mm thick LaBr3 scintillator plate, 5 cm in diameter. 
Synergy Between FY09 & FY10 Efforts to Improve Cancer Detection and Treatment: Both the JLab FY09 and the FY10 
efforts respond to the need for small nuclear medicine imaging devices in the operating room to assist with surgery and 
biopsies. The FY09 effort focuses on the use of single photon emitters such as Tc99m that has wide use for mapping 
lymph node involvement in cancer as well as in primary cancer detection. PET isotopes are also used for cancer detection 
and are often used as the basis of new procedures based on new molecular markers when high sensitivity is key. This is the 
case for prostate cancer research and the FY10 effort. Both efforts use the new photon detectors and the combined 
experience residing in JLab; and the WVU and UVa medical centers. We also helped organize a special international 
symposium this fall titled: “8th Topical Workshop on Intraoperative Imaging of Radioisotopes.” 
(http://indico.cern.ch/internalPage.py?pageId=0&confId=63951). This multidisciplinary meeting provides a unique forum 
to advance the technology related to our JSA surgical assistance projects. JLab Physics Division is providing $2500 of 
sponsorship support. 

Left: Imaging lymph nodes before surgery with 
JLab built gantry mounted gamma camera. Right: 

Imaging during surgery. UVa surgeons Dr. Craig 
Slingluff and Dr. Lynn Dengel. 

JLab prototype imaging 
device using Hamamatsu 

MCCP SiPMs. 

MPPC circuit board under construction. 

Handheld gamma camera. 
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Item Description Amount

* Salary

* Fringe Benefits

     Subtotal Salary & Fringes $0.00

Equipment A) 2" Hamamatsu H8500c PSPMTs (qnty:9) $26,955.00

B) 1" LYSO crystal scintillator arrays (qnty:36) $32,400.00

C) SiPM sensor (qnty 4) $10,260.00

     Subtotal Equipment $69,615.00

Travel

     Subtotal Travel $0.00

Supplies mechanical supplies $2,000.00

electronic supplies $1,500.00

materials for mechanical shells for PMTs and SiPMs $6,000.00

     Subtotal Supplies $9,500.00

Consultants/Subcontracts

electronics board construction $4,500.00

     Subtotal Consultants/Subcontracts $4,500.00

Other Expenses (including * Indirect Costs)

     Subtotal Other Expenses $0.00

Total Budget Proposal $83,615.00

Budget Justification (A) The main components for the panel detector PET are Hammamatsu H8500 flat panel PMTs 

which cost $2995/unit.

(B)The LYSO:Ce scintillator arrays made of 12x12 elements at pitch of 2 mm will be part of the panel detector.A total of  

36 ararys will be used to cover the area of nine 2"PMTs. Each 1" array costs $850.

(C) The Silicon PM sensors from SensL with input stage electronics will make up the handheld probe part of the system 

(two prototypes).

Both mechanical and electrical supplies including wiring will be needed to build the prototype, including shells for PMTs and

 SiPMs.

We will need to pay for electronics board construction for detector preamps

JSA Initiatives Fund Proposal

* Note:  The Initiatives Fund is not intended for salary support or for the payment of indirect costs, and the inclusion of these costs in a proposal 

will be a factor in the evaluation for award.

Attachment B - Budget Proposal

Jefferson Science Associates, LLC 

Thomas Jefferson National Accelerator Facility 

Attachment B: Budget Proposal 




