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Appendix C, Exhibit B1
Sample Rotation Objectives for the Radiation Oncology
Clinical Medical Physics Residency
Comment: This is ONE example based on an accredited program. There are many variables and methods of meeting Report 90 and CAMPEP guidelines. Treat this as a guide/example. 
I. I.  General Objectives

1. A.  Resident is expected to become competent in all areas related to the safe and efficacious use of ionizing radiation as relates to simulation, planning, and treatment of human disease. This is accomplished in part through routine evaluated clinical rotations.

2. B.  Resident is expected to complete structured rotations that include written summaries/reports and/or presentations at the completion of the rotation. Evaluations will occur throughout each rotation in one-to-one and group settings.

3. C.  Resident will present, review, and defend his/her knowledge of a given rotation in an oral-based session with the residency program faculty.

4. D.  Quarterly evaluations will be based on the results of ongoing evaluations and rotation end oral evaluations.

5. E.  Resident is expected to obtain an appropriate mastery of the physical principles (e.g., interactions of radiation in matter, radionuclide decay therapy) associated with the use of radiation in treatment of human malignancy.

6. F.  Resident is responsible for obtaining a level of training in anatomy, computer technology, and diagnostic imaging appropriate for a position as a Radiation Oncology Clinical Physicist. This is primarily accomplished during the clinical dosimetric treatment planning rotation and didactic courses on these topics.

7. G.  Resident will demonstrate knowledge sufficient to ensure she/he can manage the radiation safety aspects of a Radiation Oncology practice.

8. H.  Resident is expected to attend Radiation Oncology Department conferences and Radiation Physics Division meetings and medical physics journal club.

9. I.  Resident will understand the potential uses of and hazards associated with ionizing radiation and high-voltage electronics as used in the practice of radiation oncology.

J.  Radiobiological principles of the use of radiation will be understood by the Resident, through both didactic and practical training.

II.  Dosimetric Systems

B. A.  Ion Chamber

1. 1.  Principles of operation: Resident will be able to describe the theory of operation of an electrometer/ion chamber system. [References: Khan (2003) and Van Dyk (1999).]
2. 2.  Uses of cylindrical and parallel plate ion chambers: Resident will learn which tasks are appropriate for various detectors. Detector geometry and size are to be considered.

3. 3.  Calibration: Resident will be able to describe the various correction factors required to use an ion chamber as an absolute dosimeter. [References: Khan (2003), Van Dyk (1999), AAPM TG-21 (1983), and AAPM TG-51 (1999)]
4.  Commissioning measurements: Resident will perform commissioning measurements to parameterize the operation of a cylindrical ion chamber. The Resident will develop a list of measurements, perform them, and present and interpret the data.

B.  Film

4. 1.  Principles of operation: Resident will be able to describe the process by which an image is formed on a film, and explain how the system can be used as a dosimeter. [References: Khan (2003) and Van Dyk (1999)]
5. 2.  Applications of film: Resident will be able to describe various clinical applications for which film is well suited (and for which it is inappropriate). The discussion will include films of various sensitivities and radiochromic film.

3.  Measurements: Resident will be familiar with methods for converting grayscale film images into dose maps. The film scanner and computer software will be used to create an H&D curve and to measure a dose distribution with film. Uses of electronic portal imaging devices (EPIDs) for measurements will also be reviewed.

C.  Diodes

6. 1.  Principles of operation: Resident will be able to describe the theory of operation of a diode system. [References: Khan (2003) and Van Dyk (1999)]
7. 2.  Applications: Resident will describe clinical application of photon and electron diodes.

3.  Measurements: Resident will calibrate a photon and an electron diode.

C. D.  TLD

1. 1.  Principles of operation: Resident will be able to describe the theory of operation of a thermoluminescent dosimeter (TLD). [References: Khan (2003) and Van Dyk (1999)]
2.  Resident will describe clinical application of a TLD system and discuss possible TLD replacement technologies generally available.

II. III.  POD and Plan Check

On call, Physicist of the Day (POD) and PlanCheck are separate clinical duties; however, the Resident/Fellow is examined on both at the same time. Therefore, for the purposes of training, they are considered to be part of the same rotation.
A.  POD

1. 1.  The POD is the on-call physicist from 7:00 a.m. – 5:00 p.m. During the rotation, the Resident will be assigned to shadow the POD for an entire day. The Resident may be excused for a short period of time if there is a conflict (e.g., Resident needs to go to a lecture). However, if the Resident knows that there will be several conflicts, she/he should reschedule the POD training day. As the Resident becomes more familiar with POD duties, the Resident may be asked to carry the POD pager.

2. 2.  One of the primary responsibilities of the POD is to be available to help maintain hardware and software operations (linear accelerators, simulators, planning systems, and associated computers) in the clinic. Therapists and dosimetrists will call the POD using a dedicated pager, and the POD is expected to answer the pager during this time period and coordinate fixing the problem. In some cases, the POD may be able to fix the problem themselves; in other cases, the POD may have to ask for assistance. If the POD calls for assistance (e.g., from x-ray maintenance), the POD should remain on the scene (unless called elsewhere) until the problem has been resolved. 
3. 3.  The POD is responsible for signing off on the morning quality assurance (QA) that is done on each treatment machine and simulator. The Resident will be familiar with any QA software. The Resident should have previously observed morning QA during some of the introductory labs and rotations, so he/she should be familiar with the tests that are done. The Resident should become familiar with the different action levels for the QA tests, and know what needs to be done if a test result is outside of the normal tolerance.

4. 4.  The POD is responsible for the weekly chart check for a subset of the patients on treatment. The Resident will be shown how to determine what subset of patient charts needs to be checked, and how the results of the chart check are recorded. The POD physicist will review the chart check procedure with the Resident, and the Resident will be asked to independently review a sample of the treatment charts for a given day. If the Resident finds a problem or sees something unfamiliar in the chart, the Resident will discuss this with the POD before any action is taken. The POD is responsible for independently checking the treatment chart and reviewing any additional findings with the Resident.

5.  The POD physicist is not expected to be able to fix all problems for which they may be called. However, they should be able to fix some of the more common problems, and know where to look to find answers to less common problems (e.g., documents on department shared drive, log books, service data base). They can also call on other physicists or the service/vendor support to help if needed.

B.  PlanCheck

5. 1.  The PlanCheck physicist is responsible for checking treatment plans coming out of dosimetry on a given day. It is standard procedure that all treatment plans are to be signed off by a physicist prior to the patient's first treatment. On any given day, all plans that are completed by dosimetry prior to 4:00 p.m. are the responsibility of the PlanCheck physicist. During the rotation, the Resident will be assigned to shadow the PlanCheck physicist for an entire day. The Resident may be excused for a short period of time if there is a conflict (e.g., Resident needs to go to a lecture). However, if the Resident knows that there will be several conflicts, he/she should reschedule the PlanCheck training day.

6. 2.  When the Resident is first scheduled for PlanCheck, he/she will most likely not have had the external beam treatment planning rotation. Therefore, much of the treatment planning output will be unfamiliar. The PlanCheck physicist or primary mentor and the Resident should go through at least one treatment plan together, going through all of the items that need to be checked. The Resident should become familiar with the current PlanCheck checklist (found in the physics documentation) and how to log errors that are found. After going through a few different types of plans, the PlanCheck physicist will choose a treatment plan that the Resident can plan check using the checklist as a guide. After discussing their findings with the PlanCheck physicist, the PlanCheck physicist will independently check the treatment plan and discuss any differences in findings with the Resident.

3.  As the Resident advances in the rotation, he/she will be expected to be able to check treatment plans more independently, discussing any unusual findings with the PlanCheck physicist. If possible, the Resident should attempt to check all plans that are completed on a given day. The exception to this is when a treatment plan is completed on short notice, where there would be a risk of the patient treatment being delayed if the PlanCheck physicist does not have time to complete checking the treatment plan. The PlanCheck physicist is responsible for independently checking the treatment chart and review findings with the Resident.

C.  Credentialing Examination

7. 1.  After approximately 12 months (18 months for fellows with research responsibilities), the Resident will be examined for both POD and PlanCheck, with the intention of determining if the Resident should be credentialed to take on those clinical duties independently. For POD, the Resident will be expected to know what the POD duties are, how to fix minor problems, and how/where to seek assistance for other problems. For PlanCheck, the Resident is expected to be able to describe the process for checking a treatment plan, explain each of the checklist items, and describe some common problems that  she/he has seen, and how they were dealt with.

2.  After the successful conclusion of the credentialing examination, the Resident shall be included in the clinical rotation for both POD and PlanCheck for the remainder of the residency (fellowship). In each quarter, the Resident will be scheduled for approximately 4 POD days and 4 PlanCheck days.

III. IV.  External Beam QA

The primary purpose of the treatment machine QA rotation is to become familiar with daily, weekly, and monthly QA of a medical linear accelerator (linac). The rotation consists of four parts, as described below.
A.  
1. In phase 1 (approximately 1 month), the Resident is expected to attend lectures on Linear Accelerator Operation and the overall QA program, participate in QA labs designed to familiarize the Resident with safe operation of the linear accelerators, including startup and shutdown procedures, use of service mode, and observation of therapist daily QA. After learning how to operate the linear accelerator, the Resident should perform the daily QA procedure independently and demonstrate the daily QC tests to the medical physicist responsible for the linear accelerator.

2. B.  In phase 2 (approximately 3 months), the Resident will be assigned to a linear accelerator, and will observe (and participate as determined appropriate by the responsible medical physicist, mentor) weekly and monthly QA on that linear accelerator. The Resident should become familiar with AAPM guidelines, as well as any applicable state and/or federal regulations for QA of linear accelerators.

3. C.  In phase 3 (approximately 6 months), the Resident will perform weekly and monthly QA under the mentor's supervision. In the beginning, the mentor will directly observe the Resident performing the QA. As this phase progresses, the mentor will allow the Resident to perform more independently, while reviewing the Resident's results and maintaining responsibility for the QA of that linear accelerator. Near the end of phase 3, the Resident will be credentialed to take responsibility for QA of a linear accelerator independently. The Resident will be expected to be able to describe all aspects of daily, weekly, and monthly QA on the linear accelerator. If a hypothetical problem is found, the Resident is expected to be able to describe the steps that need to be taken to determine if the problem is a result of machine and/or measurement variance, and what may need to be done before the machine is returned to safe operation in the clinic. Assuming successful completion of the credentialing examination, the Resident will proceed to phase 4.

D.  In phase 4, the Resident is assigned to a linear accelerator as co-owner, to do regular weekly, monthly, and annual QA on a linear accelerator for the remainder of their residency. The other co-owner physicist will be a senior member of the physics staff that can monitor the Resident's work and help as needed. The Resident is expected to be able to perform the regularly scheduled QA independently.

IV. V.  Shielding and Room Design

1. A.  Residents are expected to be able to design treatment room shielding adequate to ensure that environmental levels of radiation do not exceed those permitted by applicable state and federal regulations. This will be done for an appropriate photon beam, including x-ray and neutron shielding requirements.

2. B.  The concept of ALARA (as low as reasonably achievable), cost vs. benefit in this context will be understood.

3. C.  The Resident will understand the current formalism for determining adequate shielding, including all input parameters. The trade-offs between materials, machine placement, restricted areas, and occupancy will all be reviewed.

4. D.  Room penetrations, mazes, and shielding doors will be discussed.

5. E.  The Resident will perform a full set of calculations for a given real or hypothetical room shielding scenario.

6. F.  The Resident will become familiar with shielding for brachytherapy applications, including HDR (high-dose rate) and a hot lab.

7. G.  Pertinent references include:

· NCRP Report 151, Structural Shielding Design and Evaluation for Megavoltage X- and Gamma-Ray Radiotherapy Facilities (Dec 2005)

· Various ACMP and AAPM refresher course slides/handouts on file in your department
· NCRP Report 116, Limitation of Exposure to Ionizing Radiation (1993)
· NCRP Report 107, Implementation of the Principle of As Low As Reasonably Achievable (ALARA) for Medical and Dental Personnel (1990)

· NCRP Report 40, Protection Against Radiation from Brachytherapy Sources (1972)
V. VI.  Radiation Safety

1. A.  The Resident is expected to know appropriate institutional, state, and federal regulations pertaining to the use, storage, transport, and patient and personnel safety relating to ionizing radiation.

2. B.  Resident will participate in at least two annual room surveys (as required by state regulations) of conducting a set of measurements around a linear accelerator vault and its subsequent analyses in order to sustain the claim that no levels are expected to exceed those permitted by applicable state and federal regulations. This will include an understanding of neutron measurements and typical instruments or devices used for measurement.

3. C.  Resident will know how to calibrate and use a survey meter for the expressed purpose of assessing environmental levels of radiation.

4. D.  A knowledge of setting up and running a safety monitoring program for personnel will be demonstrated by the Resident.

5. E.  The Resident must be able to manage the ordering, receipt assay, and disposal of all sources he/she expects to use or would have responsibility for as a Radiation Safety Officer (RSO).

6. F.  The management of patients containing radionuclides must be understood and demonstrated.

G.  The Resident should become familiar with radiation area designation and monitoring, as well as event reporting guidelines and regulations.

VII.  Treatment Machine ATP, Survey, Commissioning

7. A.  Resident will complete an Acceptance Test Protocol (ATP) for a linear accelerator capable of producing photons and electron treatment beams.

8. B.  The Resident will understand the commissioning process and will be involved in obtaining all radiation beam measurements needed to calculate monitor units as well as provide data for entry into associated treatment planning systems. This will be done for both photon beams and electron beams.

9. C.  The Resident will learn to calibrate all electron and photon beams on a linear accelerator according to the current AAPM protocol (section VIII). They will also be responsible for learning the calibration procedures for low energy x-ray treatment units available in the clinic.

10. D.  Add-on technology such as Electronic Portal Imaging Device (EPID) acceptance and commissioning will be understood and practiced by the Resident.

11. E.  The Resident is expected to familiarize him/herself with troubleshooting treatment machine related problems (hardware and software) and develop the ability to provide reasonable problem solving to the treatment staff.

VI. VIII.  Treatment Machine Calibration

1. A.  The Resident will review the TG51 (or current AAPM protocol) calibration protocol [AAPM TG-51 (1999)] and the TG-21 calibration protocol [(AAPM TG-21 ( 1983). The Resident will be able to describe the TG-51 protocol, and the fundamental differences between the former and current calibration protocols.

2. B.  The Resident will calibrate a linear accelerator (all energies, photons and electrons) independently, but near the time of annual QA of the linear accelerator, using full protocol procedures as if it were a new accelerator beam being calibrated for the first time. The calibration will include an ion chamber intercomparison. The results of the Resident's calibration will be compared to the results from the annual QA.

C.  The Resident will be evaluated using an oral examination. The Resident will be expected to describe how to calibrate a linear accelerator beam (electron and/or photon) using the current TG-51 protocol, and how that differs from the previous TG-21 protocol. Results from the Resident's calibration will be presented and discussed in comparison to the annual QA.

VII. IX.  Simulator Acceptance Testing and QA (Fluoro)

1. A.  Basic fundamentals: The Resident should review basic fluoroscopic imaging concepts during the didactic portion of the rotation, and be prepared to discuss fundamentals of fluoroscopic image acquisition. This should include x-ray tube operation, focal spot, source-to-image distance, heat loading, heel effect, the principles of operation of the imaging detector, and how all of the above affect the image quality.

2. B.  Simulator operations: The Resident will learn basic simulator operations through labs and review of the user manual. They should demonstrate familiarity and understanding of all imaging parameters as well as all basic X-ray operations; including tube warm-up, shutdown/start-up, and routine simulation procedures. (Recommended review material: “Simulator” Reference Guide)

3. C.  Simulator QA and commissioning: Commissioning and quality assurance skills will be developed by the Resident.

a. 1.  Simulator QA recommendations vs. regulations: The Resident should become familiar with and be able to discuss AAPM recommendations, state regulations, as well as the program for Simulator QA (daily and monthly QA, commissioning) (Recommended review material: State Regulations, Department QA program).
b. 2.  Simulator daily and monthly QA: The Resident must obtain a level of skills and knowledge that permits him/her to understand and perform daily and monthly QA tests, as well as troubleshoot problems detected with those tests or reported by users. The Resident will observe monthly QA sessions and perform at least two monthly QA sessions under supervision. Once successfully credentialed, the Resident will independently perform monthly QA on a simulator. 

c. 3.  Simulator annual QA: The Resident is expected to observe annual simulator QA, and to demonstrate during the final oral rotation review an understanding of the types of tests that are performed on an annual basis.

d. 4.  Simulator commissioning: The Resident is expected to either participate in the commissioning of a simulator if one is installed during the course of the rotation, or to create an outline of all simulator commissioning tests and to perform a subset of each type of test. The Resident should be prepared to demonstrate understanding of simulator commissioning tests during the final oral rotation review.

4. D.  Simulation software functionality: The Resident is expected to learn how to perform and support software associated with fluoroscopic simulation.

a. The Resident should become familiar with and be able to demonstrate during the final oral rotation review an understanding of the functionality and support of the software utilized during simulation, and how the information generated is incorporated into treatment planning and delivery. (Recommended review material: Simulation, Instructions for use)

5. E.  Clinical procedures: The Resident should become familiar with both basic and advanced simulation procedures, and be prepared to discuss during the final oral rotation review how fluoroscopic simulation with current tools differs from methods using virtual simulation. The Resident should also be familiar with how the simulator can be used for cone-beam CT (computed tomography), including the effect of the cone-beam CT filters.

F.  Evaluation: The Resident will be evaluated by an oral examination at the end of the rotation. The Resident must be able to demonstrate an appropriate level of familiarity with the above objectives in order to complete the examination successfully.

VIII. X.  Simulator Acceptance Testing and QA (CT)

1. A.  Basic fundamentals: The Resident should review basic CT imaging concepts during the didactic portion of the rotation, and be prepared to discuss fundamentals of CT image acquisition as well as differences between diagnostic and RT (radiotherapy) scanners during the rotation evaluation. (Recommended review material: Bushberg on-line institutional or national learning tools)

2. B.  CT operations: The Resident will learn basic CT operations through labs and review of the user manual, and should demonstrate familiarity and understanding during a mid-rotation Operations & QA credentialing session of all scanning parameters as well as all basic CT operations, including tube warm-up, shutdown/restart, and routine scanning procedures. (Recommended review material: CT User Manual)

3. C.  CT QA and commissioning: Commissioning and quality assurance skills will be developed by the Resident.

a. 1.  CT QA recommendations vs. regulations: The Resident should become familiar with and be able to discuss AAPM recommendations, state regulations, as well as our program for CT QA during the mid-rotation credentialing (daily and monthly QA) and final oral rotation review (QA and commissioning). (Recommended review material: TG-66 [AAPM TG-66 (2003)], State Regulations, Department QA program)

b. 2.  CT daily and monthly QA: The Resident will obtain a level of skills and knowledge that permits him/her to understand and perform daily and monthly QA tests, as well as troubleshoot problems detected with those tests. The Resident will observe monthly QA sessions and perform at least two monthly QA sessions under supervision before scheduling a mid-rotation Operations & QA credentialing examination, during which the Resident will demonstrate knowledge and experience with daily and monthly QA as well as CT operations described above. Once successfully credentialed, the Resident will independently perform monthly QA on a CT simulator.

c. 3.  CT semiannual QA: The Resident is expected to observe semiannual CT QA, and to demonstrate during the final oral rotation review an understanding of the types of tests that are performed on a semiannual basis.

d. 4.  CT commissioning: The Resident is expected to either participate in the commissioning of a CT simulator if one is installed during the course of the rotation, or to create an outline of all CT commissioning tests and to perform a subset of each type of test. The Resident should be prepared to demonstrate understanding of CT commissioning tests during the final oral rotation review.

4. D.  Virtual simulation software: The Resident is expected to learn how to perform and support software associated with virtual simulation.

a. 1.  Virtual simulation software functionality: The Resident should become familiar with and be able to demonstrate during the final oral rotation review an understanding of the functionality and support of the various software packages utilized during virtual simulation, and how the information generated is incorporated into treatment planning and delivery. (Recommended review material: virtual simulation, fusion, and 4D software user manuals, internal How-To documentation)

b. 2.  Virtual simulation software commissioning/QA: The Resident should review recommendations for commissioning and QA in the noted reading materials, should outline a program for commissioning and/or QA of virtual simulation, and be prepared to discuss recommendations during the final oral rotation review. [Recommended review material: IAEA 430, TG-53 (AAPM TG-53 (1998)]
E.  Clinical procedures: The Resident should become familiar with both basic and advanced virtual simulation procedures (multi-field isocentric breast and cranio-spinal axis), and be prepared to discuss during the final oral rotation review how virtual simulation with current tools differs from previous methods using fluoroscopic simulators.

IX. XI.  External Beam Treatment Planning

The rotation is divided into four general areas, including (1) orientation, (2) CT-simulation competencies, (3) mock treatment plans, and (4) clinical treatment plans. Objectives for each area are outlined below. As much as possible, the Resident should be immersed in the external beam treatment planning rotation, spending at least 60% of normal working hours working in dosimetry for a total of 6 weeks. While some after-hours work is allowable, working primarily after-hours is discouraged so that the Resident can take advantage of available dosimetrist expertise. It is the responsibility of the primary mentor as well as the Resident to ensure that all areas are covered adequately. 

1. A.  Orientation: A dosimetrist mentor will be assigned to the Resident for the duration of the rotation, although the assigned dosimetrist may change as the rotation progresses. The Resident’s primary mentor will orient the new Resident to general dosimetry procedures including data flow procedures, image retrieval and transfer, and treatment planning systems. The orientation is expected to last no more than 1–2 days.

2. B.  CT-simulation software: The Resident will be shown how to use the CT-simulation software to prepare the CT-simulation data for transfer to the treatment planning system. This will include, but is not limited to, the following tasks. The Resident should be able to look at both plane films as well as sectional images and identify relevant normal structures as well as the general appearance of cancer (an anatomy class is taken during the first year of residency). Competency in using the CT-simulation software should be demonstrated by the end of the first week of the rotation.

a. 1.  Using the automatic tools for creating the external contour or internal anatomy (such as lung or spinal cord).

b. 2. Verifying couch removal and SSD (source-to-skin distance).

c. 3.  Verifying that no unintended changes to the planned isocenter have occurred between the CT-simulation and the transfer to the treatment planning system.

d. 4.  Verifying treatment unit and energy match physician's instructions.

e. 5.  Creating automatic block apertures based on target volumes, and conversion of the aperture to a multileaf collimator (MLC) setting.

f. 6.  Creating and printing reference digitally reconstructed radiograph (DRR) images.

g. 7. Transfering treatment and/or image information to the treatment planning and/or record & verify systems, as appropriate.

3. C.  Mock treatment plans: After completion of the CT-simulation section, the Resident will proceed to developing “mock” treatment plans for single-field, parallel-opposed, and three-field beam arrangements. During this section, the Resident will become more familiar with the treatment planning system without the time pressure of a clinical treatment plan. The effects of energy, wedging, and beam-weighting should be investigated as appropriate. If an appropriate clinical case is available and treatment planning time constraints are reasonable, a clinical case may be substituted. However, it is expected that once the clinical plan is completed, the Resident will use a copy of the plan to investigate changing treatment planning parameters. All mock treatment plans should be completed by the end of the third week of the rotation.

4. D.  Clinical treatment plans: Once the Resident is sufficiently proficient in the use of the treatment planning software, clinical cases should be planned for the following sites. In some cases (e.g., conventional head and neck), an appropriate clinical case may not be available during the time period of the rotation. In that case, an appropriate "mock" case or a previously planned clinical case may be substituted. The Resident should monitor upcoming cases so that most of the desired treatment sites can be accomplished with clinical treatment plans.

· Breast

· Prostate

· Lung

· Head and Neck [conventional, non-IMRT (intensity-modulated radiation therapy)]
· Pancreas

· Pelvis/Endometrial

· Esophagus

· Sarcoma extremity

· Hodgkin’s disease (including “Mantle” field treatment technique)

· 3-D brain

· Craniospinal axis central nervous system (CNS)
5. E.  Throughout the rotation, the dosimetry mentor shall complete the Dosimetry Evaluation documenting the competency of the Resident in the following areas. Any additional comments from dosimetry will be noted.

a. 1.  General dosimetry knowledge: has in-depth understanding of the abilities/limitations of dosimetry.
b. 2.  Technical skills: able to complete dosimetry plans with minimal supervision.
c. 3.  Interpretation of information: able to discern and optimize treatment plans.
d. 4.  Communication/presentation of data: able to transmit information to therapist (written and verbal).
e. 5.  Completion of skills log: has well-rounded experience; completed all required skills.
6. 6.  The final element of the external-beam treatment planning rotation is an oral examination. The examiners will include physics faculty as well as dosimetrists familiar with the Resident's work. The Resident should be prepared to discuss the overall treatment planning process, and at least three treatment plans that he/she had personally completed. The Resident should know  standard approaches for treatment planning at the various sites, as well as reasons for deviating from standard approaches. 

7.  The Resident will be familiar with the linear-quadratic model and be able to estimate if tolerance threshold doses may be exceeded from treatmentplanning information.

X. XII.  TPS Commissioning

1. A.  The Resident will be able to perform acceptance testing of both the hardware and software for a Treatment Planning System (TPS). 

2. B.  The Resident will learn and perform commissioning of at least one clinical photon beam and/or electron beam in the TPS.

3. C.  The Resident will understand and be able to perform monthly QA on the TPS.

4. D.  The Resident will understand the various algorithms and their limitations within clinical TPS.

E.  The Resident will become familiar with DICOM RT (Digital Imaging and Communications in Medicine Radiotherapy) communication.

XI. XIII.  MU Calculation

1. A.  The Resident will understand the formalism for manual monitor unit (MU) calculations and its implementation in the clinic and in commercial MU calculation programs.

2. B.  The Resident will understand the current standard (AAPM) methodology and parameters for calculating monitor units for photon and electron fields under SAD (source-to-axis distance) and SSD (source-to skin distance) conditions.

3. C.  The Resident will provide a comparison of MU output from the current treatment planning system(s) with the formalism in 1. above. This will be done for a number of clinical cases under various conditions

4. D.  The Resident will demonstrate understanding of how the MU second check is performed for each modality in the practice.

5. E.  The Resident will have an understanding of specification, acceptance testing, commissioning, and clinical implementation of an MU program.

F.  Primary references: AAPM TG-71 (Formalism for MU Calculations), Various treatment planning physics manuals (defining formalism used in TPS), Kahn (2003). Any in-house software and documentation for this purpose.
XIV.  IMRT

B. A.  IMRT Planning

1. 1.  Principles of IMRT: The Resident will be familiar with the history of IMRT, as well as the various commercially available systems for its planning and delivery. [Reference: IMRT CWG (2001)]
2. 2.  Theory of inverse planning: The Resident will learn how the clinical planning system optimizes a treatment plan. He/she will be familiar with the inputs to the cost function, how it is calculated, and be familiar with the interplay between sometimes competing objectives.
3. 3.  Special contouring techniques for IMRT: The Resident will be able to convert “clinical” contours into inputs suitable for optimization. Target volumes are made unique and sometimes subdivided for various goals. Non-anatomical volumes are added to the patient anatomy, and margins are added to normal tissues. (Reference: ICRU 62)

4. 4.  Dose calculation and plan evaluation: The Resident will learn how the planning system calculates dose distributions from optimal fluence maps. He/she will evaluate treatment plans with respect to dose heterogeneity, plan complexity, and susceptibility to setup variations.

5. 5.  Practical training: The Resident will plan a number of practice cases under the guidance of a physics mentor (a prostate and a head & neck) and then move to dosimetry to plan a number of live patient cases. The live cases will also involve the development of verification plans, documentation, and import to the record and verify system.

a. (a)  Practice cases: one prostate, one head & neck.
(b)  Live cases: two prostates, two head & neck, two “other.”
C. B.  IMRT QA

1. 1.  IMRT QA overview: The Resident will be able to describe the elements of systemic and patient-specific IMRT QA. He will be able to indicate which features of an IMRT plan must be validated before treatment and how they are tested within the clinic’s QA program [References: AAPM report 82 (IMRT QA), Low et al. (1998)]
2. 2.  IMRT QA techniques: The Resident will become proficient in each of the IMRT QA systems used in the clinic and will be able to describe the strengths and weaknesses of each technique. He/she will be able to cite the specific reason for each test, know its thresholds for passage or failure, and know how to proceed if a plan fails QA.

a. (a)  Ion Chamber Measurements

· Selection of dose measurement points

· Setting up Excel sheet for measurements

· Delivering IMRT plan to phantom

b. (b)  EPID Portal Dosimetry

· Generation of portal dose images

· Dosimetric calibration of EPID

· Measuring portal dose images

· Evaluation techniques (profiles, isodose, gamma)

c. (c)  Film Dosimetry

· Techniques, RIT analysis, etc.

· Strengths and weaknesses compared to EPID

d. (d)  MU calculation

· When MU calculation is appropriate

e. (e)  Matrix array

· Strengths and weaknesses compared to film and EPID
3.  Practical Experience: Resident will spend at least 2 weeks functioning as IMRT QA physicist, practicing all aspects of routine IMRT QA.

XII. XV.  Special Applications

Comment: Some of the very specialized procedures are considered electives and the specific implementation of all rotations will be the responsibility of the individual institution. 

1. A.  For total body irradiation (TBI) the Resident will be able to perform acceptance testing, commissioning, treatment planning, treatment support, quality assurance, and other appropriate duties in support of offering this special procedure to a patient.

2. B.  For total skin electron therapy (TSET) the Resident will be able to perform acceptance testing, commissioning, treatment planning, treatment support, quality assurance, and other appropriate duties in support of offering this special procedure to a patient.

3. C.  For small-field conformal (SFC)—also known as stereotactic radiotherapy—the Resident will be able to perform acceptance testing, commissioning, treatment planning, treatment support, quality assurance, and other appropriate duties in support of offering this special procedure to a patient.

4. D.  For special shielding/dosimetry, the Resident will be able to perform dose estimation, treatment support, quality assurance and other appropriate duties in support of offering Special Dosimetry support for a patient treatment.

5. E.  IORT (intraoperative radiation therapy): For intraoperative electron beam  therapy (IOEBT) the Resident will be able to perform acceptance testing, commissioning, treatment planning, treatment support, quality assurance, and other appropriate duties in support of offering this special procedure to a patient. [Reference: Palta et al. (  1995)]
F.  After all of the special applications have been covered, the Resident will have a mini-oral examination during the next scheduled quarterly review. The examination will cover aspects of all four special applications. The examination may be spread over two quarterly evaluations depending on how the rotation is scheduled.

XIII. XVI.  Stereotactic (Gamma Knife)

1. A.  Basic fundamentals: The Resident should review basic stereotactic radiosurgery principals, with emphasis placed on application of Gamma Knife (GK) radiosurgery. The Resident should be prepared to discuss fundamentals of treatment planning, treatment delivery, and quality assurance. [Recommended review material: Khan, Chapter 21 (2003), AAPM Report 54 (1995)]
2. B.  Gamma Knife operations: The Resident will learn basic GK operations through observation and self-study. Special emphasis should be placed on emergency procedures and regulatory adherence. (Recommended review material: GK User Manual)

3. C.  GK QA recommendations vs. regulations: The Resident should become familiar with and be able to discuss AAPM recommendations, state and federal regulations, as well as the institution’s program for GK QA. (10CFR35, State Regulations, Department QA program)

4. D.  GK daily and monthly QA: The Resident will obtain a level of skills and knowledge that permits him/her to understand and perform daily and monthly QA tests, as well as troubleshoot problems detected with those tests and reported by users. The Resident will observe monthly QA sessions and perform at least one monthly QA session under supervision.

5. E.  GK annual QA: The Resident is expected to observe (or simulate) an annual GK QA, and to demonstrate an understanding of the types of tests that are performed on an annual basis during the final oral rotation review.

6. F.  GK commissioning: The Resident is expected to either participate in the commissioning of a GK unit or or to create an outline of all GK commissioning tests and to perform a subset of each type of test. The Resident should be prepared to demonstrate understanding of GK commissioning tests during the final oral rotation review.

7. G.  Treatment planning software: The Resident should know how to import the relevant imaging studies into the Gamma Plan treatment planning software and how to create a treatment plan. This includes creation of target and avoidance structures, display of isodose lines, plan renormalization and dose-volume histogram (DVH) analysis.

8. H.  Safety analysis: The Resident should construct an independent safety analysis. This consists of a description of the imaging, planning, and treatment processes with descriptions of failure modes and suggested QA responses/procedures.
I.  Clinical procedures: The Resident should observe and participate in at least six clinical treatment days and be able to describe the target volumes and organs at risk (OARs) associated with at least three different clinical treatment sites.

XIV. XVII.  Brachytherapy

1. A.  The Resident will be familiar with procedures, hardware, and isotopes used for the treatment of the most common anatomic sites treated with sealed-source radionuclide therapy.

2. B.  The physical characteristics, assay, handling, licensing, and disposal (if applicable) of brachytherapy sources will be learned by the Resident.

3. C.  The Resident must be able to quality assure the computer system used to generate information utilized to plan and treat patients with radionuclide sources.

4. D.  The Resident should be able to show competence in physics and dosimetric services in support of the clinical use of sealed radionuclide sources in the treatment of the following. If a case does not occur or is now extremely uncommon, then the Resident should perform a mock treatment; or the requirement may be waived at the discretion of the Rotation Supervisor.

· Biliary duct: intraluminal

· Eye plaque

· Permanent lung implants: planar

· Permanent prostate seed implants: volume interstitial

5. E.  The Resident should be able to show competence in physics and dosimetric services in support of the HDR clinical treatments of the following. If a case does not occur or is now extremely uncommon, then the Resident should perform a mock treatment; or the requirement may be waived at the discretion of the Rotation Supervisor.

· Vaginal cylinder HDR.
· Tandem and Ring - Fletcher Suit – HDR.
· Interstitial HDR.
· Planar intraoperative HDR (IOHDR).
6. F.  The Resident should observe and actively participate in as many brachytherapy cases as reasonably possible such that they gain sufficient experience and confidence to do the case themselves. Because some cases do not occur very often, the Resident is expected to place a higher priority on the attendance of brachytherapy cases.

7. G.  The Resident should be able to perform all aspects of the LDR and HDR QA independently (although the Resident will not be asked to do so if it not within regulations). The Resident should participate in a minimum of two source exchanges.

8. H.  The Resident will be familiar with federal, state, and local regulatory documents related to sealed-source therapy. 

I.  References include: AAPM TG-43 (1995) and updates, TG-60 (1999), TG-56 (1998), etc. The Brachytherapy AAPM summer school text (AAPM Monograph 31) is also an excellent reference to consult. There are also many excellent text books on brachytherapy [e.g., Kahn (2003)].
XV. XVIII.  Satellite Practice Rotation

1. A.  Following POD, PlanCheck, and machine QA credentialing, the Resident will be scheduled to share in providing physics support at one of the satellite clinics. The intention of this rotation is to provide experience with a different (smaller) practice, while still having the safety net of having a number of physicists at the main center that can be called on for assistance. A primary mentor for this rotation will be assigned, based on the regional site being covered.

B.  The Resident will be evaluated on this rotation as part of his/her quarterly evaluations. Feedback from the primary mentor, as well as the on-site personnel (dosimetrists, therapists, physicians) will be used to determine if the Resident is performing satisfactorily.
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Recommended Review Material

Various ACMP and AAPM refresher course slides/handouts on file.

Simulation, Instructions for Use

Simulator Reference Guide

State and Federal Regulations

Department QA Program

On-line Institutional or National Learning Tools (Bushberg)

Virtual Simulation, Fusion, and 4-D Software User Manuals

Internal How-To Documentation

Treatment Planning Physics Manuals

Gamma Knife User Manuals
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