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SUMMARY OF THE STUDY

Accelerated Partial Breast Irradiation (APBI) provides two major advantages over conventional whole-breast irradiation (WBI).  First, it is more convenient since radiation therapy can be shortened to one week versus typical 6-7 weeks.  Second, normal tissues such as the remainder of the breast, underlying muscle, ribs, lung, and heart generally will receive less radiation dose with APBI than with WBI, potentially avoiding long-term toxicities.  While the majority of APBI clinical data is based on interstitial brachytherapy (Catheters/needles technique) and intra-cavitary brachytherapy (Mammosite), these techniques require insertion of catheters, needles, or balloon catheters into the patients’ breast and leaving them there for about two weeks.  These can cause short term problems such as discomfort, inconvenience of wound care, risk of infection and bleeding.  These risks are eliminated by CyberKnife procedure.  The goal of this study is to evaluate the effect that CyberKnife Robotic IMRT treatments have on cosmesis, and toxicity in delivering APBI and to demonstrate possible improvements in these outcomes based on higher levels of accuracy and precision in delivery as compared to conventional IMRT and 3D-CRT techniques.
This observational Phase II study will evaluate acute and chronic toxicity, cosmesis and efficacy of Accelerated Partial Breast Irradiation (APBI) with the CyberKnife.  It will evaluate quality of life (QOL) issues as they relate to treatment-related side effects, cosmetic result and patient convenience.

Robotic Intensity-Modulated Radiation Therapy (RIMRT) is defined as the highly-precise stereotactic delivery of ionizing radiation in greater than 5 fractions using the CyberKnife.  In this protocol, RIMRT will be specifically used to deliver 10 fractions to a designated target with sub-millimeter accuracy to the region of the tumor bed within 9 weeks of the lumpectomy and sentinel/axillary node sampling over period of five to ten days using the CyberKnife (CK) system.  Patients will receive CK before chemotherapy, if applicable, is given.

ELIGIBILITY:
- Invasive ductal, medullary, papillary, colloid (mucinous), tubular histologies or ductal carcinoma in situ (DCIS)

- Stages T1, T2 & Tis (lesions ≤ 3 cm), N0

- Age ≥ 45 years

- Unifocal breast cancer
- Negative microscopically assessed surgical margins clear for both invasive carcinoma and DCIS
- If there is extensive intraductal component (EIC -), the total size of the EIC and primary tumor should be less than 3 cm, and the post-op mammogram must show no evidence of suspicious residual abnormality
- No collagen vascular disease (see Section 3.2.)

- No prosthetic augmentation implants (patients who have had implants removed are eligible; patients who have subpectoral implants may be candidate if technically feasible as determined by the PI)

- No known unresected residual carcinoma; no diffuse suspicious microcalcifications

- Negative post-excision mammogram if cancer presented with malignancy-associated microcalcifications or specimen radiograph demonstrating removal of microcalcifications

- No history of prior radiation therapy to the treated breast.

- Signed study-specific consent form

- Enrolled and initiated CyberKnife treatment within 9 weeks or 63 days of last breast cancer surgery

- The use of Chemo-hormonal therapy is at discretion of treating physicians.   

Chemotherapy is not to be started until at least 2 weeks post-radiation therapy.

Tamoxifen and/or other hormonal therapy may be started at once.

LIST OF ABBREVIATIONS AND DEFINITION OF TERMS
	AFP
	Alpha-fetoprotein

	AE
	Adverse events

	CBC
	Complete blood count

	CMP
	Complete metabolic panel

	CT
	Computed tomography

	CTCAE
	Common Terminology Criteria for Adverse Events

	CTV
	Clinical target volume

	DLT
	Dose limiting toxicity

	DVH
	Dose volume histogram

	FDG-PET
	Fluorodeoxyglucose positron emission tomography

	GI
	Gastrointestinal

	GIB
	Gastrointestinal bleeding 

	GTV
	Gross tumor volume

	IMRT
	Intensity-modulated radiotherapy 

	INR
	International normalized ratio

	ITV
	Internal target volume

	MRI
	Magnetic resonance imaging

	NCI
	National Cancer Institute

	PT
	Prothrombin time

	PTT
	Partial thromboplastin time

	PTV
	Planned treatment volume

	RFA
	Radiofrequency ablation

	RILD
	Radiation induced liver disease

	RTOG
	Radiation Therapy Oncology Group

	SBRT
	Stereotactic body radiotherapy

	SAE
	Serious adverse events

	SUV
	Standardized uptake value

	
	


1. OBJECTIVES
1.1 Primary Objective:

To assess acute and chronic toxicity, including cosmesis effects of breast cancer patients who have undergone partial breast CyberKnife Robotic IMRT 

1.2 Secondary Objectives

1.  To assess patterns of disease progression and overall survival over 5 years following CyberKnife Robotic IMRT partial breast irradiation 
2.  To assess post treatment quality of life impact of CyberKnife Robotic IMRT when used as a partial breast irradiation technique
3.  To assess the utilization of healthcare resources required for the use of CyberKnife robotic IMRT as a partial breast irradiation technique, including costs associated with post treatment adverse events and complications

2. CLINICAL BACKGROUND

Breast conserving therapy is the preferred treatment modality for many patients with early stage breast carcinoma.
  Many randomized controlled studies
 
 
 
 
 
 
 including NSABP B-06 have demonstrated equivalent overall survival for patients receiving breast conserving surgery and whole breast radiotherapy compared with patients treated by mastectomy.  The major advantages of breast conserving therapy (BCT) are superior cosmetic outcome and the reduced emotional and psychological impact from this procedure compared with mastectomy.  The principal disadvantage of breast conservation as it traditionally has been performed is its more prolonged treatment duration requiring approximately 6 to 7 weeks of external beam radiation therapy which may pose substantial problems for some patients such as the elderly or those who live far from a radiotherapy facility.   

Despite attempts to avoid the addition of radiotherapy, a clearly defined subgroup of patients that would not benefit from the addition of radiotherapy has not been identified, and this approach generally results in unacceptably high rates of local recurrence, even for favorable subgroups
, except possibly for elderly patients with favorable tumors.
 
  Several randomized controlled studies have shown that adjuvant whole breast radiotherapy reduces the risk of local failure by a factor of about two-thirds. 2 9 
 
 
 
 
 For instance, NSABP B-06 showed that for those patients with negative lumpectomy margins, adjuvant whole breast radiotherapy reduced the rate of in-breast recurrence at twenty years from 39.2% in the lumpectomy alone arm to 14.3% in the lumpectomy and whole breast irradiation arm.2   In spite of this very large reduction in-breast recurrence, the impact of adjuvant radiotherapy on overall survival is small.
 

Whole breast irradiation after wide excision has been postulated to reduce the breast recurrence rate through the elimination of residual foci of cancer remaining both around the excision site as well as occult areas of cancer in remote areas of the breast.  It was originally thought that occult multicentricity occurred frequently

, but the pattern of local recurrences after breast-conserving therapy both with and without adjuvant radiotherapy suggests that these remote areas of occult carcinoma are either encountered less frequently or are of limited clinical significance when patients are more carefully selected to rule out multicentric disease.  Sixty-five to 100% of breast recurrences reported after conservative surgery and whole breast radiation therapy have been found in the same quadrant as the initial tumor, with histology similar to the primary tumor, indicating that these probably represent residual viable cancer around the original site not controlled by radiation therapy.
 
 
 
  Even without adjuvant radiation therapy, the pattern of recurrence is overwhelmingly around the tumor bed.2 9 10 11 12 13 When the serial section mastectomy series by Holland that originally suggested high rates of multicentricity is re-analyzed with inclusion of only those cases with complete mammographic data and excluding those with evidence of microcalcifications or tumor density beyond the main tumor mass and unfavorable characteristics such as any lobular histology, primary tumors larger than 2 cm, and any cancer in the region 1 – 2 cm beyond the main tumor mass, only 4 of 72 cases had any residual carcinoma more than 1 cm beyond the dominant mass (the area that would be treated with APBI).
  Furthermore, breast recurrences distant from the primary site tend to occur later than those near the lumpectomy bed, and may well represent second primaries rather than true recurrences21 and would not be expected to be prevented by whole breast radiotherapy.  

From these data, one can infer that in appropriate cases, the main effect of radiation therapy following conservative surgery is the reduction of breast cancer recurrence at or very near the primary site.  If radiation therapy is directed only to the tissue surrounding the excision cavity, then the entire course of radiation therapy can be accelerated markedly, reducing treatment time. Furthermore, normal tissues such as the remainder of the breast, underlying muscle, ribs, lung, and heart generally will receive less dose with partial breast irradiation than with whole breast radiotherapy, potentially avoiding toxicity.  This may be particularly important for patients with large pendulous breasts who often experience significant acute toxicity from whole breast radiotherapy.  

There currently is a large body of mature Phase I and II data and some preliminary 

Phase III findings that have investigated the replacement of WBl with an accelerated course of radiation therapy restricted to the region around the tumor bed (accelerated Partial Breast Irradiation, APBI) using a variety of techniques.  For appropriately selected patients treated with appropriate techniques, the results are very encouraging and the techniques have been shown to be safe, tolerable, and highly reproducible with outcomes similar to WBI.  For inappropriately selected patients or those treated with suboptimal techniques, the rates of in-breast recurrence are not acceptable, although even then there is no suggestion of an adverse impact on overall survival.

Most of the experience with APBI has been with interstitial brachytherapy, with most of that experience until recently being with the multi-catheter type.  Interestingly the original experience with BCT and adjuvant radiation therapy began in the 1920s and 1930s and employed interstitial APBI using radium needles long before megavoltage external beam WBI was available.
  The modern series with the longest follow-up are those of the Ochsner Clinic and William Beaumont Hospital which are summarized in the paragraphs below.  One of the primary disadvantages of conventional multi-catheter brachytherapy is the complexity of the procedure.  Conventional breast brachytherapy requires the use of up to 20 needles placed around the excision site.  These needles are inserted through the breast, and flexible catheters are threaded through the needles to cover the target area around the breast cavity.  This technique has not gained widespread popularity because of the relative complexity associated with performing an interstitial implant and the lack of significant patient interest in an additional invasive procedure. As a consequence, multi-catheter APBI has been limited to only a handful of institutions.  However, with the development of the simpler MammoSite balloon brachytherapy technique and 3-Dimensional (3-D) Conformal external beam APBI, interest in APBI has increased rapidly.  

The Mammosite® balloon breast brachytherapy applicator was developed by Proxima Therapeutics, Inc. (Alpharetta, GA) as a more “user friendly” technique and was approved by the U.S. FDA in 2002 based on safety and performance data.  Instead of placing multiple planes of needles in the area around the tumor bed, a single balloon is placed in the excision cavity. Nursing care for the single catheter is also reduced compared to the multi-catheter technique, and patients may be more comfortable with a single catheter as well.   There are several drawbacks for the Mammosite. This technique requires a second surgical procedure to place in the Mammosite catheter and wound care for the 2 weeks.  Some patients are candidate for APBI, but they are not candidate for Mammosite due to geometric factors such as small breast size, too much air/gas, or the cavity is too close to the chest wall.  The MammoSite applicator is not suitable for lesions close to the skin surface or for irregularly shaped cavities to which the balloon does not conform.  The Mammosite has to be inflated for the entire 10-14 days duration which can be uncomfortable, and the catheter entry point can serve as a source of infection, and patient is typically placed on prophylactic antibiotics.
The other development that has lead to increased interest in APBI was the development of three-dimensional (3D) conformal external beam radiation therapy techniques to treat patients with APBI using a similar, shortened treatment schedule. This 3D technology is readily available in the majority of radiation facilities allowing many more radiation oncologist groups that do not perform brachytherapy to deliver APBI.  Perhaps the greatest advantage of this method of APBI is the fact no additional invasive procedure is required.   However, the conventional radiation equipment can not pinpoint accurately enough, therefore, large margin require to account for the set up uncertainty and to account for respiratory motion during treatment.  These lead to larger treatment volume and more coverage of the normal structures (lung, chest wall, skin, heart).
CyberKnife APBI is expected to result in considerably more conformal treatment with smaller volumes of breast receiving high dose with fewer technical limitations and more convenient schedules.

Summary of Accelerated Partial Breast Irradiation Series
The Ochsner Clinic Experience with Multi-Catheter Brachytherapy APBI:

One of the oldest series of APBI, fifty-one women with 52 breast cancers were treated at the Ochsner clinic in New Orleans, Louisiana. Eligibility criteria included intraductal or invasive carcinomas less than or equal to 4 cm in size, 0 to 3 positive axillary nodes, and negative inked microscopic surgical margins. A double-plane interstitial implant was placed under direct visualization of the excision cavity or with ultrasound guidance, and the catheters extended 2 cm beyond the cavity in all peripheral dimensions. Patients were assigned to receive low-dose-rate (LDR) or high-dose-rate (HDR) brachytherapy alternating in blocks of 10 patients.  LDR patients received 45 Gy in 3.5 to 6 days, while HDR patients received 32 Gy in 8 fractions over 4 days. The prescription isodose curve for the first 17 patients was selected by the physicians as the curve best covering the target volume. Thereafter, the ICRU dosimetry guidelines which establish the gradient between the mean central dose rate and the peripheral or reference dose rate at 15% were consistently used. Cosmesis was strictly evaluated by a three-person panel from photos taken every 6 months according to established criteria.
  

With median follow-up of 75 months there have been 3 grade 3 complications (5.8% overall, 3.8 % LDR, 7.7% HDR). Two HDR patients experienced severe fat necrosis, one requiring a mastectomy and the other a quandrantectomy with flap coverage. One LDR patient developed an abscess from an infected seroma at 4 months which was incised and drained. There were 2 grade 2 complications: both symptomatic fat necroses not requiring surgery. Cosmesis was excellent in 44%, good in 28%, fair in 19%, and poor in 9% of the patients. The rate of good/excellent cosmesis was 78% in LDR, 67% in HDR (p=0.39). Fat necrosis developed in 5 of 10 patients receiving chemotherapy as compared to 5 of 42 patients without chemotherapy (p=0.008), and in 8 of 46 (17%) with acceptable dosimetry versus 2 of 5 patients (40%) with unacceptable dosimetry, defined as a dose gradient greater than 30%.  There has been only one local breast tumor recurrence, located near the surgical scar occurring 78 months after radiotherapy
. Refinements in dosimetry and increasing the number of HDR fractions to 10 (5 days) may improve the cosmesis and decrease the complications.  

The William Beaumont Hospital Experience with Multi-Catheter Brachytherapy APBI:

In the largest published experience with multi-catheter brachytherapy APBI, 199 consecutive women with invasive early-stage breast cancer were treated from 1993 – 2001.  120 were treated as inpatients with LDR, receiving 50 Gy over approximately 96 hours.  79 were treated as outpatients with HDR, receiving either 32 Gy in 8 fractions of 4 Gy each, or 34 Gy in 10 fractions of 3.4 Gy each, twice a day, with at least 6 hours between fractions.  158 met the strict eligibility criteria: infiltrating ductal carcinoma < 3 cm in greatest dimension, surgical margins clear by at least 2 mm, age > 40 years, no extensive intraductal component (EIC -), and no clinically significant lobular carcinoma in situ.  Initially patients with 1 – 3 involved axillary nodes were allowed, and 28 N1 patients were enrolled.  The protocols were modified after the first 50 patients were accrued, and the subsequent 149 patients were required to be node negative.  41 patients who did not meet all eligibility criteria were included in the analyses: 21 non-infiltrating ductal histology (mucinous, tubular, and medullary); 4 negative but close surgical margins (0 – 2 mm); 4 delayed timing of radiation; the remainder unspecified or treated on other protocols.
 
  With median follow-up of 65 months (range 12 – 115 months) for surviving patients, a total of five ipsilateral breast recurrences were observed, translating into a stated 5 year actuarial rate of 1% (95% CI = 0% - 2.8%).  2 were located near the original primary site and thought to represent true recurrences/marginal misses, and 3 were located elsewhere in the breast.  Median time to local failure was 5.0 years (range 1.5 – 7.6 years).  A matched pair analysis to patients treated with whole breast external beam radiotherapy at the same institution from 1980 –1997 who met the same criteria was performed, and there was no difference in the rate of local failure.

The RTOG 95-17 Multi-Catheter Brachytherapy APBI:
The Radiation Therapy Oncology Group (RTOG) undertook a prospective phase I/II trial of multi-catheter interstitial brachytherapy APBI designed to determine the technical feasibility, reproducibility, and quality of interstitial brachytherapy in the cooperative group setting, as well as cosmetic results, complication rates, and local control.
  Between August 1997 and March 2000, 100 patients were accrued.  Eligibility requirements included infiltrating non-lobular carcinomas without an extensive intraductal component (EIC-) <= 3cm excised with negative inked margins.  Patients with a limited number (0-3) of involved axillary nodes were allowed, provided there was no extracapsular extension.  The trial was amended to allow inclusion of a patient found to be node negative by sentinel node procedure. Post excision mammograms were required if cancer presented with malignancy-associated microcalcifications.  Patients with active collagen vascular disease were excluded.  Catheters could be placed free hand in the open excision cavity or postoperatively using ultrasound guidance with or without templates.  Margins were at least 1 cm superficial and deep, and 2 cm in other directions.   33 were treated with low-dose-rate (LDR) (45 Gy in 3.5 – 5 days) and 67 were treated with high-dose-rate (HDR) (34 Gy in 10 fractions of 3.4 Gy b.i.d over 5 days).  On quality assurance review, there were only 4 minor protocol deviations, and no major deviations.  Adequate coverage of the target volume was achieved in 97% with acceptable dose homogeneity in 99%.  With median follow-up of 2.7 years (range 0.6 – 4.4), 4 patients have experienced grade 3 or 4 toxicities.  With median follow up of 3.7 years (range 0.6 – 5.7), there have been 3 in-breast recurrences and 2 regional nodal recurrences, resulting in an actuarial 4 year local failure rate of 3%.

Hungarian Randomized Phase III Trial of APBI vs. WBI:

126 patients with unifocal infiltrating ductal carcinomas <= 2.0 cm without an extensive intraductal component (EIC-) excised with negative inked margins were randomized between partial breast irradiation and whole breast irradiation (WBI).  Patients with high-grade (Grade 3) histology were excluded.  5 patients with a single axillary micrometastasis <= 2mm (N1a) were enrolled as were 4 patients who did not undergo any axillary surgical procedure.  Patients randomized to WBI received 50 Gy in 25 fractions of 2 Gy/fraction over approximately 5 weeks.  No boost was given.  The preferred method of APBI was HDR interstitial brachytherapy (30.3 Gy or 36.4 Gy in 7 fractions of either 4.33 Gy or 5.2 Gy b.i.d. separated by at least 6 hours over 4 days).  However 17 of 63 women randomized to APBI had technical contraindications to interstitial implant and were treated with electron beam APBI to the lumpectomy bed with 2 cm margin as defined by CT based treatment planning (50 Gy in 25 fractions of 2.0 Gy/fraction over approximately 5 weeks).  At median follow-up of 30 months (range 12 – 43) there has not been a local or regional recurrence in either arm.
  Acute and late toxicities were similar as well.

American Society of Breast Surgeons Registry for MammoSite® HDR Brachytherapy APBI:

After approval by the FDA, a registry of patients treated with the MammoSite device was created.  Initially this was under the auspices of the manufacturer and was later transferred to the American Society of Breast Surgeons.  Over 1600 patients have been accrued, and the registry closed to new enrollment on July 31, 2004.  Information on the first 1403 subjects has recently been reported
 
.   A dose of 34 Gy was delivered in 10 fractions over 5 days prescribed to 1 cm from the applicator surface using HDR brachytherapy. A minimum skin-to-balloon surface distance of 7 mm was required for treatment. Treatment was well tolerated with few acute side effects.  

Other favorable reports of Multi-Catheter Brachytherapy APBI:  
Several other series of interstitial brachytherapy employing reasonable eligibility criteria have reported favorable results.  The London Regional Cancer in Ontario used HDR treatment and reported failure in 1 of 39 cases with median follow-up of 1.7 years.
  Ninewells Hospital in the UK used LDR and reported no local failures in 11 cases after median follow-up of 5.6 years.
  The Örebro Medical Centre in Sweden
 used pulsed-dose-rate (PDR) treatment (in which a remote afterloading machine, similar to that used for HDR but with a lower activity Ir-192 source, delivers fractionated treatments more frequently that with HDR over approximately the same total elapsed time).  The reported failure after 2.8 years median follow-up was 1 out of 43.  The Royal Devon and Exeter Hospital study which used HDR did not have detailed histology available in many cases, and the local failure rate was higher, 14.9% at 18 months.
  

Milan Experience with single fraction electron Intraoperative Radiotherapy (IORT) APBI:
A mobile linear accelerator with a robotic arm is utilized to deliver a single fraction of intraoperative radiotherapy with electrons to the involved quadrant of the breast after quandrantectomy.  An aluminum/lead disc is placed between the breast and pectoralis muscles to shield the chest wall and lungs.  Initial experience was as an “up-front” boost to anticipated WBI with dose escalation from 10 to 15 Gy.  This was well tolerated, and the approach changed to sole treatment with APBI.  Dose was escalated from 17 to 21 Gy without unexpected acute toxicity.  It is estimated that 21 Gy in a single fraction is radiobiologically equivalent to 60 Gy in 30 fractions of 2 Gy/fraction over 6 weeks.
   The phase III ELIOT (ELectron IntraOperative radiotherapy Trial) is currently randomizing patients over age 55 years with tumors <= 2.5 cm to WBI (50 Gy + 10 Gy boost) vs. 21 Gy single fraction electron IORT with an accrual goal of over 800 patients.

IntraBeam® single fraction “soft X-ray” Intraoperative Radiotherapy (IORT) APBI:
The IntraBeam® system is an FDA approved device manufactured by the Photoelectron Corporation originally designed for intracranial intraoperative radiotherapy (IORT) for primary CNS tumors.  Treatment can be either interstitial or intracavitary in the brain.  For breast APBI only intracavitary treatment is used.  Applicators are available in 5 diameters.  30 – 50 kVp X-rays with rapid falloff are used to deliver a single fraction of 5 Gy at 1 cm from the applicator surface (approximately 20 Gy at 2mm) over 20 – 30 minutes.  An international phase III trial (TARGIT-A) organized by The University College of London is underway with a goal of accruing 1700 patients with T1N0MO unifocal infiltrating ductal cancers >35 years of age.  Randomization is between WBI vs. IORT using the IntraBeam® system.
  If adverse risk factors are subsequently found, such as involved margins, lobular histology, EIC, etc., re-excision and/or supplemental WBI for those treated with IORT are allowed.

William Beaumont Experience with 3D Conformal Photon External Beam APBI:

Patients at least age 40 with invasive ductal carcinomas <=3 cm with margins clear by at least 2mm, EIC- and node negative were prospectively enrolled on a Phase I/II study.  The clinical target volume (CTV) was specified as the lumpectomy cavity plus a 1.5 cm margin.  The planning target volume consisted of the CTV plus 1.0 cm. A 4 or 5 beam external beam technique was designed with three-dimensional conformal (3D-CRT) techniques.  The prescribed dose was 34.0 Gy in 5 patients and then escalated to 38.5 Gy in 10 fractions b.i.d. separated by at least 6 hours over 5 days.  Acute toxicity was minimal.
  It is anticipated that similar techniques using Intensity Modulated Radiotherapy (IMRT) with the same beam arrangements may be practical as well.
RTOG 03-19  Phase I/II Trial of Photon External Beam APBI:
In 2003 the Radiation Therapy Oncology Group opened a Phase I/II trial of 3-Dimensional Conformal external beam APBI for patients with stage I or II infiltrating ductal carcinoma with tumor size <=3 cm with margins clear by at least 2mm and fewer than 4 positive axillary nodes.  Patients with EIC and autoimmune disease were excluded.  The clinical target volume (CTV) was defined as the excision cavity + 10-15 mm, except near the skin and chest wall, where it was limited to 5 mm from the skin surface and lung-chest wall interface.  Field arrangements were at the discretion of the physician, but 3, 4, or 5 non-coplanar fields were suggested.  Fractionation was 3.85 Gy x 10, twice per day, for 5 treatment days.  Accrual was rapid, and the trial closed to enrollment in April 2004.
  

The Guy's Hospital Trial of LDR Interstitial Brachytherapy APBI (An example of less than ideal patient selection and treatment technique):

The Guy's Hospital trial’s intent was to include patients with lesions “clinically” only up to 4 cm in size, although 3 were larger.  No attempt was made to achieve even grossly clear margins.  The intended implant margin around the lumpectomy bed was 2 cm using a “multiplane triangular array”, although a median of only 9 catheters was used, compared with about 17-19 in other reported series.  In spite of a prescribed dose of 55 Gy in 5 1/2 days, local failure occurred in 10 of 27 patients (37%), all but one within the volume of the implant after a median follow-up of 6 years.
  Stricter patient selection criteria and broader volume implants would be expected to result in a lower breast recurrence rate, and lower total dose may reduce the complication rate and improve cosmesis.

The Christie Hospital and Holt Radium Institute Phase III trial of electron APBI vs. WBI (Another example of less than ideal patient selection and treatment technique):

The Christie Hospital randomized 708 patients with tumors <= 4 cm to fractionated APBI with a small electron beam versus WBI and axillary radiotherapy. Microscopic margin status was not evaluated.  Macroscopic margins were involved in 10% and not documented in another 10%.  Axillary dissection was not performed, and those treated with APBI did not receive axillary radiotherapy.  Lymph-vascular involvement was noted in 14%.  The electron field was small, with average size of only 6 x 8 cm, and the average electron energy was only 10 MeV.  With > 65 months follow-up, local recurrence for patients with ductal carcinoma occurred in only 31 (10%) of those treated with WBI vs. 51 (16%) of those treated with APBI.  These excess recurrences were both within the index quadrant 18 (5.5%) vs. 31 (10%) and elsewhere in the breast 5 (1.5%) vs. 18 (5.5%) Lobular carcinomas fared even worse with APBI, with local failure in 3 (10%) vs. 14 (38%).  As expected, axillary failure occurred frequently in the untreated group, 24%.  Interestingly axillary failure still occurred in 12% of those treated with axillary radiation.
 
  These results from this series are difficult to extrapolate to other studies of APBI, because of the differences in patient selection and surgical technique, as well as the inherent physical differences in electrons and brachytherapy or carefully crafted photon fields.  Most critical are the smaller treatment volumes and the probable underdosing of the deeper tissues with 10 MeV electron beams that fall off steeply at a depth of 2.5 cm.

NYU experience with external beam mini-tangent APBI in the prone position:

Formenti et al recently published their experience with 3D conformal APBI using a simplified “mini-tangent” technique in 47 patients.  Patients were generally treated in the prone position with two small tangential fields.  Patients received 30 Gy in 5 fractions of 6 Gy each within 10 total days.  With a median follow-up of 18 months (range of 0.3-40.3 months), no patient has experienced a local recurrence.  There has been no late toxicity greater than Grade I.  The worst acute toxicity was grade 2 erythema that occurred in 13.5%.
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	Radiation Therapy Oncology Group 30 31
	66 
	32 
	340 x 10 
	3400 
	n _ 
	_ n 

	MammoSite® (FDA approval trial)

	43 
	8 
	340 x 10 
	3400 
	0 
	97 

	Tufts-New England Medical Center

	32 
	33 
	340 x 10 
	3400 
	3 
	88 

	Medical College of Virginia/VCU
 a
	44
	42
	
	
	0
	80

	LDR Brachytherapy Series 
	
	
	
	
	
	

	Ochsner Clinic 26 27
	26 
	75 
	> 40 cGy/hr 
	4500 
	2a 
	75a 

	Guy's Hospital 43
	27 
	72 
	40 cGy/hr 
	5500 
	37 
	83 

	William Beaumont Hospital  28 29
	120 
	82 
	52 cGy/hr 
	4992 
	I 
	91 

	Radiation Therapy Oncology Group 30 31
	33 
	36 
	--- 
	4500 
	n_ 
	--- 

	Massachusetts General Hospital 

	48 
	23 
	50 
	5000-6000 
	0 
	92 

	External Beam Radiotherapy Series 
	
	
	
	
	
	

	Christie Hospital, 
	353 
	65 
	500-531 x 8 
	4000-4200 
	25d 
	

	Manchester, England 44 45
	
	
	
	
	
	--- 

	William Beaumont Hospital  41
	22 
	20 
	340-385 x 
	3400-3850 
	0 
	100 

	
	
	
	10 
	
	
	

	  New York University 46
	47 
	18 
	600 x 5 
	3000 
	0 
	all late tox <=Gr 1 

	Intra-Operative Radiotherapy Series 
	
	
	
	
	
	

	European Institute of Oncology, Milan 39
	84 
	8 
	1700-2100 
	1700-2100 
	
	

	
	
	
	x I 
	
	_n 
	--- 

	University College of London 40
	3 
	24 
	500-750 x I 
	500-750 
	0 
	--- 

	a = LDR/HDR patients combined 
	
	
	, 
	
	
	

	b = Whole breast irradiation 
	
	
	
	
	
	

	d = Eight year rate 
	
	
	
	
	
	

	HDR = High dose rate brachytherapy 
	
	
	
	
	
	

	LDR = Low dose rate brachytherapy 
	
	
	
	
	
	

	EBR T = External beam radiation therapy 
	
	
	
	
	
	


Table 1. Major Series of APBI (from NSABP B39/RTOG 0413) 

NSABP B-39/RTOG 0413  Ongoing Phase III Trial:

The NSABP B-39/RTOG 0413 trial randomizes selected patients with stage 0, I, and II breast cancer after lumpectomy to either WBI or APBI with the goal of documenting the long-term equivalence of APBI to WBI.  Patients randomized to the APBI arm will be treated with one of three different types of APBI , which are interstitial brachytherapy with catheters/needles, intracavitary brachytherapy with Mammosite balloon catheter, and 3-D conformal external beam radiation therapy.  Recent publication by Patel et al
 reported the 5 years follow up of 273 patients treated with brachytherapy with either multicatheter interstitial brachytherapy (n = 247) or MammoSite (n = 26). Patients received 32–34 Gy in 8–10 twice-daily fractions using high-dose-rate 192Ir brachytherapy. All patients met the initial inclusion criteria for the trial and were separated into two groups: high-risk patients (representing the cohort that remained eligible for the Intergroup trial) who satisfied one or more of the “high-risk” criteria (age <50 years, estrogen receptor negative, and/or positive lymph nodes; n = 90), and low-risk patients who comprised the remainder of the cohort (n = 183). The outcomes of the two cohorts were analyzed and compared.  At the median follow-up of the entire cohort of 48.5 months, no significant difference was found in outcomes at 5 years between the low- and high-risk groups, with a local control rate of 97.8% vs. 93.6%, crude local recurrence rate of 2.2% (n = 4) vs. 4.4% (n = 4), and overall survival rate of 92.1% vs. 89.5%, respectively.
Summary of APBI Outcomes:

It is apparent from the summated review of all published APBI literature, that in appropriately selected patients, the local recurrence rate following APBI is no higher than it is with conventional protracted course whole breast radiotherapy.

CyberKnife Background:

CyberKnife Robotic IMRT is a treatment planning, imaging, and delivery system for image-guided stereotactic high precision radiotherapy.  CyberKnife Robotic IMRT utilizes an Iris variable aperture collimator which is affixed to the end of an x-band linear accelerator, which is mounted on the end of a robotic manipulator.  The Iris collimator allows for modulation of the beams delivered by varying the size of the aperture at the different delivered points in space surrounding the patient in a delivered plan.  The CyberKnife system was cleared in 2001 by the U.S. FDA to be used anywhere in the body in which radiation is indicated.  The imaging system provides real-time, orthogonal x-ray images of the patient to verify treatment position and alignment. Computers provide tracking of implanted fiducials along the x, y, and z-axes and rotations about each axis. Dynamic tracking data are then automatically transmitted for positioning and pointing of the compact 6MV linear accelerator mounted on a robotic arm that can deliver multiple, non-isocentric, non-coplanar radiation beams.  

Synchrony is a motion tracking system of CyberKnife that provides dynamic image guidance of targets that move under the influence of respiration. Before the start of treatment, Synchrony software builds a 3-dimensional model of chest wall movement and target motion during respiration. The model is continuously updated during treatment with live orthogonal x-ray images and provides real time data to compensate for target motion during respirations.

Fiducials implanted into the breast would allow precise tracking during treatment with CyberKnife®.  This should eliminate much of the uncertainty of target position present in conventional 3-D Conformal APBI, and thus should reduce the need to expand treatment volume, reducing radiation exposure to normal tissue.

Preliminary treatment planning studies show possible dose conformity as show in Figures below in comparison with conventional radiation treatments.
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 The dose fractionation scheme in this study is 34 Gy in 10 fractions of 3.4 Gy.
It is expected that the patient will complete the treatment over the course of one week with two treatments per day with at least 6 hour interval.  However; due to logistic reasons (patient’s transportation issue and flexibility), the treatment course can be extended over two weeks (i.e., once treatment per day) 
3   Study Purpose and Objectives

This is a Phase II study to evaluate the effect that CyberKnife Robotic IMRT treatments have on cosmesis and toxicity in delivering APBI and to demonstrate possible improvements in these outcomes based on higher levels of accuracy and precision in delivery as compared to conventional IMRT and 3D-CRT techniques.  Patient selection criteria are chosen to minimize the risk of multicentricity and remote breast recurrence and mirror those recommended by the American Society of Breast Surgeons and the American Brachytherapy Society.
  The key factors are the exclusion of patients with multicentric diseases, nodal involvement, microscopic extension of tumor cells to the inked surgical margins, lobular histologies, tumors larger than 3 cm, and tumors with an extensive intraductal component.   Patients with involvement of axillary lymph nodes have a risk for regional nodal relapse, and many radiation oncologists treat such patients to these nodal sites with external beam radiation therapy. Institutions participating in this trial are encouraged to participate in the randomized Phase III Intergroup trial (NSABP B-39/RTOG 04-13) comparing whole breast irradiation versus partial breast irradiation (MammoSite, multi-catheter, and 3-D conformal external beam) in less highly selected patients.  Patients with 1 – 3 positive axillary nodes and those with infiltrating lobular carcinoma are eligible for B-39/04-13 and would be encouraged to consider that randomized trial.  

There are other advantages to CyberKnife Robotic IMRT APBI over other methods of APBI.  CyberKnife Robotic IMRT requires no implanted catheter(s), thus eliminating the need for additional surgical procedure and reducing the risk of infection, bleeding, and pain.  There will be fewer technical limitations with CyberKnife compared to MammoSite related to minimum skin spacing and conformation of a balloon catheter to the lumpectomy bed.  Considerably less normal tissue will be treated to high dose than with 3-D Conformal APBI.  Therefore we expect more subjects will be eligible for CyberKnife than for other methods of APBI.

This study will register patients and evaluate in prospective fashion the complication rates and local control rate of CyberKnife APBI when used as the sole method of radiation therapy for selected patients with unicentric tumor stage Tis, T1, and T2 (<= 3 cm) carcinoma of the breast (non-lobular histology) treated with wide excision with histologically assessed negative surgical margins, and node negative.  Cosmetic outcome and patient quality of life measures will be obtained.

The study will follow the practice guidelines of The American Society for Therapeutic Radiology and Oncology (ASTRO) and The American College of Radiology (ACR) for stereotactic body radiation Therapy.
 

3.1 Study Objectives:  All study patients with unicentric tumor stage Tis, T1 and T2 (<=3cm), node-negative breast carcinoma who meet inclusion/exclusion criteria (see Sections 4.1 and 4.2) will receive radiation therapy delivered with CyberKnife partial breast irradiation  alone.       

3.1.1 Primary Objective:

To assess acute and chronic toxicity, including cosmesis effects of breast cancer patients who have undergone partial breast CyberKnife Robotic IMRT 

3.2.2 Secondary Objectives

1.  To assess patterns of disease progression and overall survival following CyberKnife Robotic IMRT partial breast irradiation
2.  To assess post treatment quality of life impact of CyberKnife Robotic IMRT when used as a partial breast irradiation technique
3.  To assess the utilization of healthcare resources required for the use of CyberKnife robotic IMRT as a partial breast irradiation technique, including costs associated with post treatment adverse events and complications

3.2 Hypotheses 

3.2.1 Breast carcinoma, radiation therapy delivered with CyberKnife partial breast irradiation (APBI) alone  affords acceptable toxicities, as classified by the RTOG Toxicity Grade scale. 
3.2.2 The 5-year local tumor control rate in the breast after CyberKnife Robotic IMRT APBI as the sole radiation therapy technique following wide excision will be comparable to that of conventional external beam whole breast radiation therapy or conventional brachytherapy/3-D conformal APBI.

3.2.3 The proportion of patients with “excellent” or “good” cosmesis effects  in the breast after CyberKnife Robotic IMRT APBI as the sole radiation therapy technique following wide excision , as assessed by the Quality of Life Patient Questionnaire, will be comparable to that of conventional external beam whole breast radiation therapy or conventional brachytherapy/3-D conformal APBI. 
4.  PARTICIPANT SELECTION AND ENROLLMENT PROCEDURES
4.1 Inclusion Criteria 
4.1.1 AJCC (sixth edition) stage 0, I, or IIA (Tis, T1, or T2 <=3cm & N0) histologically confirmed invasive non-lobular carcinoma or ductal carcinoma in situ of the breast with a lesion ≤ 3 cm, treated with wide excision.  Subjects with invasive tumors should undergo axillary sentinel node procedure or dissection.
4.1.2 Age ≥ 45 years
4.1.3 Negative inked histologic margins of excision or re-excision and clear of invasive and DCIS tumor.
4.1.4 Negative post-excision or post-reexcision mammography if cancer presented with malignancy-associated microcalcifications; no remaining suspicious microcalcifications in the breast before radiotherapy.  

4.1.5 MRI can be considered to exclude multicentricity and residual microcalcification.

4.1.6 No involved axillary lymph nodes by routine histologic examination (H&E) of sentinel node(s) or of nodes identified from axillary dissection.  Examination of nodes by immunohistochemical (IHC) or molecular methods can be done, but is not encouraged.  However if an axillary nodal metastasis is identified by IHC only [pN0 (i+)] with no IHC cluster greater than 0.2mm, or RT-PCR [pN0 (mol+)], then the patient remains eligible.

4.1.7 Axillary staging is not required for subjects with DCIS.

4.1.8 Enrollment and initiation of CyberKnife therapy within 9 weeks or 63 days of last breast cancer surgery.

    4.2 Exclusion Criteria
4.2.1 Patients with invasive lobular carcinoma or nonepithelial breast malignancies such as sarcoma or lymphoma. Patients with mixed lobular and ductal carcinoma may be a candidate as long as the lobular component is small and with other favorable features, and need approval of the PI>
4.2.2 Patients with multicentric carcinoma or with other clinically or radiographically suspicious areas in the ipsilateral breast unless confirmed to be negative for malignancy by biopsy.  MRI can be considered to rule out multi-centric diseases.
4.2.3 Patients who are pregnant.
4.2.4 Patients with previous history of radiation therapy to the treated breast.

4.2.5 Patients any histologically confirmed positive axillary nodes. 

4.2.6 Patients with collagen vascular diseases, specifically systemic lupus erythematosis, scleroderma, or dermatomyositis with a CPK level above normal or with an active skin rash. 
4.2.7 Patients with Paget's disease of the nipple.
4.2.8 Patients with skin involvement, regardless of tumor size.

4.2.9 Surgical margins which cannot be microscopically assessed or not clear at pathological evaluation.

4.2.10 Patients with diffuse (>1 quadrant or >5 cm in diameter) suspicious microcalcifications.

4.2.11 Patients with suspicious microcalcifications remaining on the post-excision mammogram.
4.2.12 Age less than 45 years.
4.2.13 Patients with psychological, psychiatric, or medical conditions that are not able to comply with the Cyberknife treatment position and duration.

4.2.14 Presence of prosthetic augmentation implants with the following exceptions. Patients who have had implants removed are eligible; patients who have subpectoral implants may be candidate if technically feasible as determined by the PI.
4.2.15 Patients with any technical unsuitability for CyberKnife APBI, e.g., a breast that is unstable or too deformable in the opinion of the investigator; a body habitus that inhibits safe delivery of Cyberknife due to collision issue.

4.3  Informed Consent Process

4.3.1 The participating site Principal Investigator (site PI) is responsible for ensuring that proper informed consent has been obtained from the research subject before any study/research activity is conducted. The site PI can designate authorized members of the research team to obtain the informed consent. If the person obtaining consent is not the site PI, documentation must exist that the designee is competent and can answer protocol-specific questions. 

4.3.2  The protocol and the informed consent must have complete local IRB approval prior to research activity. The site PI is responsible for ensuring that only a current IRB approved consent form designed specifically for the study is appropriately signed and witnessed. 
4.3.3 The site PI is ultimately responsible for determining whether a subject has the capacity to consent. If the subject is lacking such capacity, whether due to cognitive impairment, the subject’s age, or other causes, the site PI/designee may obtain consent from a legally authorized representative.
4.3.4.As part of the consent process, the subject’s or his/her representative’s questions must be answered prior to consent being given and throughout the study. The subject or his/her representative should be asked if there are any questions prior to consent being obtained.

4.3.5 When giving the consent, the subject or an authorized legal representative needs to read each page and sign and date the last page of the form along with the investigator or designee obtaining consent.

4.3.6 The signed consent will be filed in the patient’s research study record and the study regulatory binder. In addition, the subject, or his/her authorized representative, will receive a copy of the signed consent form.

4.3.7 The written consent document should embody, in a language understandable to the participant, all the elements necessary for legally effective informed consent. For research conducted in a language other than English, consent forms must be translated accurately.

4.4 Registration Procedures

4.4.1 Technology requirements

Site must have a CyberKnife Robotic Radiosurgery System with the Synchrony Respiratory Tracking System, Iris Collimator, 800 monitor unit/minute linear accelerator, sequential optimization and Multiplan version 8.0/3.0 or higher.
5 Pretreatment Evaluations

5.1 History, including family history of breast carcinoma, method of detection of the breast tumor (clinical, mammographic, or both), and menopausal status.

5.2 Physical examination with the location and palpable size of the tumor.

5.3 Mammogram of both breasts with a careful measurement of the lesion size. 
5.4 Post-excision ipsilateral mammogram (and/or MRI if needed), if microcalcifications were initially present, or specimen radiograph to confirm complete removal. 

5.5 Pathology report should include:

-Measurement of the antereoposterior, transverse, and superior-inferior dimensions of the resected breast specimen.

-Comment on the dominant mass in the resection specimen and measurement of the tumor reported in the largest dimension.

-Multiple blocks of the primary tumor and of breast tissue from the inked margins should be taken to confirm negative margins.  The closest distance that any tumor (invasive and DCIS) comes to an inked margin should be reported

-ER/PR analysis performed on primary tumor.

- HER-2 neu and nodal status.

5.6 Digital photographic images of both breasts.  These should include a frontal view of both breasts with the patient standing, hands on hips.  A second digital image should be taken encompassing the ipsilateral breast alone at a 45 degree oblique with patient’s arms elevated over her head.

5.7 Quality of Life questionnaire self report.

5.8 Pretreatment CT and if indicated for planning MRI scans.  See section 6.2 for further details.
6 Treatment Guidelines

6.1 Patient Surgery and clip/fiducial placement

The patient will undergo standard lumpectomy surgery to remove the tumor.  This surgery should provide negative surgical margins.  Re-excision is permitted.  It is recommended that 4 to 6 fiducial markers should be placed either around the lumpectomy cavity to delineate its location at the time of surgery or around the cavity at a later date following surgery under local anesthetic.  If placed after surgery, the markers should be placed at least 2 cm apart and within 15 mm of the lumpectomy cavity. It is recommended this be done under the guidance of ultrasound.  It is not mandatory that the fiducials mark the cavity edge.  If the fiducials markers do not mark the cavity edge, the cavity must be clearly delineated on the postoperative simulation CT.

6.2 Post Implant Visit and Imaging

A non-contrast treatment planning CT scan with the patient in the treatment position will be required. A variety of immobilization devices will be acceptable. Both prone and supine positions are acceptable, at the discretion of the treating radiation oncologist. The CT should start at or above the thyroid and extend several cm below the inframammary fold and include the entire lung if possible.  CT slice thickness of approximately 1.25 mm should be employed.  The chin, shoulders and contralateral breast should be included in the scan if possible. CT scan should be obtained with breath hold (preferably at end expiration) or with gating (preferably at end expiration). T2-weighted breast MRI may be added to help better define the exact extent of the lumpectomy cavity.

6.3  Contouring of Target Structures and Normal Structures 
The following structures will be contoured in all cases: excision (lumpectomy) cavity, clinical target volume (CTV) and planning target volume (PTV), ipsilateral breast, skin, chest wall, contralateral breast, thyroid, ipsilateral lung, contralateral lung, and heart. The target structures and normal tissue structures should be outlined on all appropriate CT slices.

6.3.1  Lumpectomy Cavity- The excision cavity will be outlined based either on   clear visualization on CT and with the help of surgical clips. If the excision cavity cannot be clearly delineated, a very small amount of contrast may be injected into the excision cavity under ultrasound guidance, and the CT scan repeated.  MRI coregistration may be used for improved lumpectomy cavity definition.  
6.3.2 Thyroid- The thyroid is visible on a non-contrast CT due to its preferential absorption of Iodine, rendering it "brighter" or denser than the surrounding neck soft tissues. The left arid right lobes of the thyroid are somewhat triangular in shape, and often do not converge anteriorly at mid-line. All "bright" thyroid tissue should be contoured. 

6.3.3.  Skin – the skin of the ipsilateral breast is defined as 3 mm thickness from the surface seen on CT scan

6.3.4.  Chest wall – the chest wall from ipsilateral breast should be contoured as the thickness of the rib and inter-costal muscle extending from the clavicle to the infra-mammary fold.  The medial border is at the medial border of the sternum, and the lateral border is the mid-axillary line.


6.3.5 Heart- The heart should be contoured beginning just below the level in which the pulmonary trunk branches into the left and right pulmonary arteries (PA). Above the PA, none of the heart's 4 chambers are present. All the mediastinal tissue below this level should be contoured, including the great vessels (ascending and descending aorta, inferior vena cava). The heart should be contoured on every contiguous slice thereafter to its inferior most extent near the diaphragm. If one can identify the esophagus, this structure should be excluded. One need not include pericardial fat, if present. Contouring along the pericardium itself, when visible, is appropriate. 


6.3.6 Ipsilateral & Contralateral Breast- Delineation of breast tissue extent remains difficult and interpretation by each individual investigator will yield significant variability. The whole breast reference volume is defined as all tissue volume, excluding lung, within the boundaries of standard whole breast tangential fields. This is meant to be only an approximation of the actual breast tissue volume, and it is recognized that the chest wall and some degree of adjacent soft tissue will be included. 

6.3.7 Lungs- The ipsilateral and contralateral lungs will be contoured separately

6.3.8 Clinical Target Volume (CTV)- The CTV will be defined by uniformly expanding the excision cavity volume by 10 mm. However, the CTV will be limited to 5 mm from the skin surface and by the posterior breast tissue extent (chest wall and pectoralis muscles are not to be included).  This is done to avoid high dose to the skin (cosmesis) and the chest wall (risk of rib fracture).

6.3.7 Planning Target Volume (PTV)- The PTV will be defined by the CTV expanded by 2 mm.  However, the PTV must not extend closer than 5 mm to the skin surface and will not include the chest wall.
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Figure 1.  Clinical Target Volume (CTV) and Planning Target Volume (PTV).  The CTV is defined as the lumpectomy cavity plus 10 mm margin, and the PTV is defined as CTV plus 2 mm margin with sparing 5 mm distance from the skin and chest wall.
6.4 CyberKnife Treatment Planning

Inverse planning using the CyberKnife treatment planning software will be performed to yield a treatment plan.  The treatment plan used for each treatment will be based on an analysis of the volumetric dose including dose-volume histogram (DVH) analyses of the PTV and critical normal structures.  The number of paths and beams used for each patient will vary and will be determined by the selected individual treatment plan. 
6.4.1 Dose Prescription- The total dose is 34 Gy which will be delivered in ten fractions over 5 – 10 total days is prescribed to the PTV at least to the 60% isodose line.
6.4.2 Bolus -Bolus to improve anterior target coverage should not be used.

6.4.3   Synchrony- Synchrony must be used to track respiratory motion.

6.4.4  Dose limitations for normal tissues (similar to NSABP B-39/RTOG 0413 external beam 3-D Conformal APBI)

Ipsilateral breast: Ideally, < 60% of the whole ipsilateral breast volume should receive > 50% of the prescribed dose and < 25% of the whole ipsilateral breast reference volume should receive the prescribed dose. The volume of the lumpectomy cavity will not be subtracted from this.
Contralateral breast: The contralateral breast should receive < 3% of the prescribed dose to any point. 

Ipsilateral lung: < 15% of the ipsilateral lung can receive 30% of the prescribed dose. 

Contralateral lung: < 15% of the contralateral lung can receive 5% of the prescribed dose. 

Heart (right-sided lesions): < 5% of the heart should receive 5% of the prescribed dose. 

Heart (left-sided lesions): The volume of the heart receiving 5% of the prescribed dose (V5) should be less than the 40%. 

Thyroid: maximum point dose of 3% of the prescribed dose. 

Skin:  The maximum point should not exceed 145% of prescribed dose, and the volume of skin receiving  the prescribed dose (V100) should be less than 5 cc.
 Chest wall:  The maximum point should not exceed 120% of the prescribed dose and the volume of chest wall receiving the 90% of the prescribed dose should be less than 10 cc.



6.4.5 Quality assurance of dose distribution 

- Dose volume histogram (DVH) analysis confirms at least 95% of the prescribed dose covers at least 95% of CTV. 

 - Critical normal tissue DVHs within 5% specified value

- Maximum dose should not exceed 145% of prescribed dose (prescribed to 70-85% isodose contour) and should be located within the lumpectomy cavity.


- The actual volume of breast tissue receiving 150% (V150) and 200% (V200) of the prescribed dose will be limited to equal or less than 70 cc and 20 cc, respectively
.
6.5 CyberKnife Treatment Delivery

In general, treatment delivery should begin within 10 days after treatment planning CT scan and be completed within 5 to 10 days.  A minimum of 3 fiducials must be tracked, or the subject is not eligible for study participation. The Iris collimator will be required to be used for all treatments.
All planned CyberKnife non-zero nodes will be treated whenever possible.  If treatment must be terminated prematurely on a given day, a variety of compensation measures are possible.  It is suggested that one of the co-investigators be contacted for guidance.  If > 75% of all non-zero nodes were treated, the remaining untreated nodes (<25%) may be treated at the time of the next scheduled daily treatment without adding an additional treatment day.  If < 25% of all non-zero nodes were treated, it is suggested that an additional treatment day be added.  All such variations shall be recorded.

7   Other Therapies

- Tamoxifen and/or other endocrine therapy is allowed at any time after the excision, prior to, during, or immediately after radiotherapy, at the discretion of the patient's medical oncologist or other physicians.

-The use of chemotherapeutic agents prior to or during radiotherapy is not allowed.  Chemotherapy regimens should be started no earlier than 2 weeks after completion of radiotherapy.

8  PATIENT ASSESSMENTS


8.1 Study Calendar
	Assessment
	Pre-Rx
	During Radiotherapy
	Post RT

4-6 weeks 
	Post RT

6 months
	Post RT

1 year

	H&P
	X
	
	X
	X
	Xa

	Breast Exam
	X
	
	X
	X
	Xa

	Bra cup size
	X
	
	
	
	

	Disease status
	X
	
	X
	X
	Xa

	Toxicity Eval.
	
	X
	X
	X
	Xa

	Mammograms
	X
	
	
	X
	Xa

	Digital photos
	X
	
	X
	X
	Xa

	QOLPatient Questionnaire
	X
	
	X
	X
	Xa


a. Yearly thereafter for years 2 through 5
Clinical examination and disease status assessment at 4-6 weeks,  6 months, 12 months and yearly intervals thereafter for five years as long as the patient continues to receive care at the treating institution.

8.2 Response Criteria - Treatment failure

8.2.1 The definition of a treatment failure is histologic evidence of recurrent carcinoma, either invasive or non-invasive (except LCIS) in the ipsilateral breast.

8.2.2 Ipsilateral breast recurrences will be considered local (infield) if they occur within the prescription isodose volume, peripheral if between the prescription isodose volume and a volume 2 cm outside of the prescription isodose volume. Ipsilateral recurrences will be considered non-contiguous or extrafield if they are beyond the peripheral volume described above.

8.2.3 Axillary, infraclavicular, internal mammary, or supraclavicular nodal recurrences are regional recurrences.  Neither regional recurrences nor distant metastases will be considered local treatment failures unless accompanied by a synchronous local treatment failure.

8.3 Patient Enrollment Data Sources.

8.3.1 Complete history and physical examination.

8.3.2 Mammographic report(s).

8.3.3 Pathology reports, including ER/PR evaluation.

8.3.4 Case registration form (Appendix II).

8.3.5 Patient Quality of Life (QOL) self report questionnaire form (Appendix IV).

8.3.6 Digital Photographs.

8.4 Patient Treatment Data Sources.

8.4.1 Operative reports, including excision, any reexcisions, axillary dissection, and clip/fiducial placement.

8.4.2 Toxicity reports: Skin reaction(s) to radiotherapy, including erythema, desquamation, etc. and any acute radiation complications or unusual or severe side effects of treatment.

8.4.3 Radiation treatment prescription, including prescribed isodose.

8.4.4 Daily dose record sheets.

8.4.5 Copies of dosimetry calculations.

8.4.6 Isodose distributions

8.4.7 Explanation for any deviation in technique or administered dose of radiotherapy.

8.4.8 Number and types of fiducials tracked.

8.5 Patient follow-up:  to be recorded at time of follow-up in the radiation chart and on the Case Follow Up Form (Appendix III) by the radiation oncologist.

8.5.1 Vital status. If patient has expired, a data form must be submitted.

8.5.2 Disease status, classified local, regional, distant.

8.5.3 Site(s) and date of first failure in each category above.

8.5.4 Relationship of breast recurrence to implant volume (infield, peripheral, extrafield, see Section 7.2.2).

8.5.5 Side effects of treatment.

8.5.6 Follow-up physical examination and mammographic results.

8.5.7 Quality of Life patient self report questionnaire forms (Appendix IV)

8.5.8 Digital Photographs
8.6 Toxicity Recording:

Acute side effects and complications of treatment will be recorded in the radiation chart, on the case report form (Appendix X) at time of patient follow-up, and on the Adverse Event Form (Appendix X).  See Section 10 for Adverse Events reporting procedures.
8.7 Criteria for Removal from the Study

Patients may be removed at any time from the study at their request.
8.8 Compensation
Patients will not be paid. Patients and/or their insurance companies will be responsible for the cost of all procedures and treatments under this protocol.  

9 STATISTICAL CONSIDERATIONS
10 ADVERSE EVENTS AND REPORTING PROCEDURES
All adverse events will be recorded on the case report forms. For both acute ( <=90 days of treatment start ) and chronic (>90 days of treatment start), the frequency, severity, resolution status and proportion of each type of adverse event will be presented in tabular form, on both a per-patient and a per-event basis. 

 10.1 Definition of Adverse Events

An Adverse Event is any untoward medical occurrence in a clinical investigation subject administered a treatment and which does not necessarily have a causal relationship with this treatment. An adverse event can therefore be any unfavorable and unintended sign (including an abnormal laboratory finding), symptom, or disease temporally associated with the use of an investigational product. 

The site Principal Investigator will use the NCI Common Terminology Criteria for Adverse Events (CTCAE) version 3.0 for Toxicity assessment.  A copy of the CTCAE Criteria can be downloaded from the CTEP home page (http://ctep.info.nih.gov).  

An AE may be classed as either:

· Acute AE:  Acute side effects are considered as occurring ≤ 30 days from the completion of radiation therapy.  They will be documented using the NCI Common Terminology Criteria for Adverse Events (CTCAE) version 3.0 (see Appendix II).

· Late AE:  Late side effects are considered occurring > 30 days from the completion of radiation therapy.  They will be documented using the NCI CTCAE version 3.0 (see Appendix II).

· Serious Adverse Event (SAE): is any AE that results in any of the following:

-Death

-Is life-threatening

-Results in a congenital anomaly/birth defect

-Inpatient hospitalization or prolongation of existing hospitalization

-Permanent impairment of a body function or permanent damage to a body structure

-Necessitates medical or surgical intervention to avoid a “serious” outcome (death, life threatening, etc.)

· Related AE: is defined when there is a reasonable possibility that the AE may have been caused by study-related procedures  as follows:
-Unrelated: where the AE is not considered to be related to the study because there is no temporal association, or the cause of the event has been identified, or study-related procedures cannot be implicated.

-Unlikely: Although a relationship to the study-related procedures cannot be completely ruled out, it is very unlikely that the event was related to the treatment.

-Possibly related: although a relationship to the study-related procedures cannot be completely ruled out, the nature of the event, the underlying disease, concomitant medication or temporal relationship make other explanations possible. There might be a temporal association, but other etiologies are likely to be the cause; however, involvement of study-related procedures cannot be excluded

-Probably related: the temporal relationship and absence of a more likely explanation suggest the event could be related to the study.

-Definitely related: the known effects of the study drug or its therapeutic class, or based on challenge testing, suggest that study-related procedures most likely has caused or contributed to a reportable event.

· Anticipated AE: AE that is consistent with the toxicity of the study-related procedures or CyberKnife treatment. See table below for a list of anticipated AE and SAE after SBRT.

· Unanticipated AE: AE that is not consistent with the toxicity in the study-related procedure or CyberKnife treatment. A documented AE may be described as ‘unanticipated’ if it has occurred with greater frequency or toxicity that might otherwise have been expected.

Quality of Life Patient Questionnaire


Date of evaluation
                                                      

Pa
Patient ID:

Month

Day

Year

Institution Name _____________________________________________________

Thank you for completing this questionnaire.  

We are interested in your evaluation of your physical appearance and functioning.

Please rate the following items according to your evaluation at this point in time:

Difference between treated and untreated breast 

	
	
	None
	Slight
	Moderate
	Large

	1
	Breast Size
	1
	2
	3
	4

	2
	Breast texture (hardening)
	1
	2
	3
	4

	3
	Arm Heaviness
	1
	2
	3
	4

	4
	Nipple appearance
	1
	2
	3
	4

	5
	Shoulder movement
	1
	2
	3
	4

	6
	Arm movement
	1
	2
	3
	4

	7
	Breast pain
	1
	2
	3
	4

	8
	Ability to life objects
	1
	2
	3
	4

	9
	Fit of shirt sleeve
	1
	2
	3
	4

	10
	Breast tenderness
	1
	2
	3
	4

	11
	Shoulder stiffness
	1
	2
	3
	4

	12
	Breast shape
	1
	2
	3
	4

	13
	Breast elevation (how high the breast is)
	1
	2
	3
	4

	14
	Scar tissue
	1
	2
	3
	4

	15
	Shoulder pain
	1
	2
	3
	4

	16
	Arm pain
	1
	2
	3
	4

	17
	Arm swelling
	1
	2
	3
	4

	18
	Breast swelling
	1
	2
	3
	4

	19
	Arm stiffness
	1
	2
	3
	4

	20
	Fit of bra
	1
	2
	3
	4

	21
	Breast sensitivity
	1
	2
	3
	4

	22
	Fit of clothing
	1
	2
	3
	4


	
	
	All of the time
	Most of the time
	Some of the time
	A little of the time
	None of the time

	1
	Did you feel full of life?
	1
	2
	3
	4
	5

	2
	Did you have a lot of energy?
	1
	2
	3
	4
	5

	3
	Did you feel worn out?
	1
	2
	3
	4
	5

	4
	Did you feel tired?
	1
	2
	3
	4
	5


Circle the number next to the word that best describes how your treated breast looks to you now.
	1
	EXCELLENT: when compared to the untreated breast or the original appearance of the breast, there is minimal or no difference in the size or shape of the treated breast.  The way the breast feels (its texture) is the same or slightly different.  There may be thickening scar tissue or fluid accumulation within the breast, but not enough to change the appearance.

	2
	GOOD: There is a slight difference in the size or shape of the treated breast compared to the opposite breast or the original appearance of the treated breast.  There may be some mild reddening or darkening of the breast.  The thickening or scar tissue with the breast causes only a mild change in the shape or size.

	3
	FAIR: Obvious differences in the size and shape of the treated breast. This change a quarter or less of the breast.  There can be moderate thickening or scar tissue of the skin and the breast, and there may be obvious color changes.

	4
	POOR: Marked change in the appearance of the treated breast involving more than a quarter of the breast tissue.  The skin changes may be obvious and detract from the appearance of the breast. Severe scarring and thickening of the breast which clearly alters the appearance of the breast may be found.


* Do not complete  for basline evaluation
	
	No bother 
	A little bothered
	Somewhat bothered
	Bothered quite a bit
	Bothered very much

	Swelling of breast (breast feels larger)
	0
	1
	2
	3
	4

	Breast heaviness
	0
	1
	2
	3
	4

	Breast warm to touch
	0
	1
	2
	3
	4

	Breast skin is red
	0
	1
	2
	3
	4

	Breast skin is tanned
	0
	1
	2
	3
	4

	Breast skin or area around nipple is pale
	0
	1
	2
	3
	4

	Breast skin is flaking or peeling
	0
	1
	2
	3
	4

	Breast itching
	0
	1
	2
	3
	4

	Blisters on the breast or  skin moist and raw
	0
	1
	2
	3
	4

	Coughing
	0
	1
	2
	3
	4

	Difficulty breathing
	0
	1
	2
	3
	4

	Muscle aches
	0
	1
	2
	3
	4

	Rib or chest wall pain
	0
	1
	2
	3
	4

	Visible small blood vessels (spider veins)
	0
	1
	2
	3
	4

	Thickening of breast skin
	0
	1
	2
	3
	4

	Hardening of breast
	0
	1
	2
	3
	4

	Breast or nipple numbness
	0
	1
	2
	3
	4

	Sharp shooting pains or twinges in the breast
	0
	1
	2
	3
	4

	Breast aches
	0
	1
	2
	3
	4

	Breast tenderness
	0
	1
	2
	3
	4

	Decrease or lack of arousal on breast
	0
	1
	2
	3
	4


* Do not complete for basline evaluation
1. To what extent has your treatment disrupted your normal daily activities?

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


  not at all










           a lot

2. To what extent has your treatment disrupted your normal recreational activities?

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


  not at all










           a lot

3. To what extent has your treatment disrupted your normal activities with your family and friends?

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


  not at all










           a lot

4. To what extent has your treatment disrupted your normal sleep patterns?

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


  not at all










           a lot

5. To What extent has your treatment reduced your enjoyment of life?

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


  not at all










           a lot

6. To What extent has your treatment disrupted your regular activities at work? (e.g., need to take time off, not getting done as much as you would like). If you do not work outside the home for pay, please check this box ( and go to the next question.

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


  not at all










           a lot

7. How satisfied are you with the length of time your treatment has taken to this point in time?

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


  not at all










           a lot

8. How disruptive has your treatment been to the other important people in your life (e.g., family and close friends)?

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


  not at all










           a lot
The phrase that best describes your satisfaction with breast cancer local treatment
	(
Totally

satisfied
	( 

Somewhat satisfied
	( 

Neither satisfied nor dissatisfied
	(
Somewhat dissatisfied
	(
Totally

satisfied
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