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Introduction

The radiotherapeutic management of early breast carcinoma is undergoing a paradigm shift similar in potential significance to the shift away from mastectomy to breast conservation. The current shift involves advances in technology for radiation therapy delivery to limit toxicity by minimizing patient treatment. The treatments include improvements in techniques for irradiating the whole breast, as well as techniques for irradiating a smaller portion of the breast in a shorter period of time. The authors’ goals include outlining the rationale for changing radiation techniques for breast conservation, describing techniques being employed or studied, and reviewing the available results in the most frequently employed techniques. 

The Rationale for change

Breast conservation therapy (BCT) is a mature technique with well-defined parameters for choosing appropriate patients, and time-tested techniques that provide well-documented results. The combination of partial mastectomy and tangential external beam irradiation has been studied and employed for greater than twenty years (1, 2), with little change and acceptable results. BCT is not, however, perfect, either in terms of patient and physician acceptance, or in patient tolerance. Studies have documented an underutilization of this technique due to patient inconvenience relating to protracted radiation fractionation schedules from 5-6.5 weeks, as well as patient fears of radiation side effects. (3-5) Studies have shown potential toxicities including cardiac, pulmonary, and secondary malignancies at low but measurable rates. (6-11) Changes in the breast itself are seen as both decreased cosmesis ratings and other local side effects.  Radiation oncology research has been driven by new technology including image-guided therapy to improve treatment techniques. Our discussion will be limited to two main concepts. We will briefly discuss changes in whole breast irradiation including hypofractionation (12) and intensity modulated radiation therapy (IMRT) to shorten treatment and decrease toxicity in the setting of whole breast irradiation (13). We will focus more deeply on techniques developed and employed for accelerated partial breast irradiation (APBI), which are used to both shorten treatment, and minimize the volume of breast irradiated, thus minimizing toxicity.

Changes in whole breast irradiation

The history of BCT and whole breast irradiation in the United States dates back to the original NSABP trials for both invasive and non-invasive breast cancers and relatively simple irradiation techniques. Computerized treatment planning and beam modulation was in its infancy and typically was relied on a single two-dimensional “slice” or contour through the center of the breast to represent very complex and highly variable shape of the female breast. The target, ostensibly the entirety of the ipsilateral breast tissue, was determined by palpation and clinical judgment only. Over the years computers and three-dimensional imaging has been employed extensively, but have had little impact on volumes or treatment schedules.

The main change seen has been the employment of image guidance for tumor bed localization to ensure excision site coverage and normal tissue sparing, and IMRT to improve dose homogeneity on a three dimensional level. IMRT employs computer-controlled linear accelerators to deliver beams of varied intensity to counteract the effects of variable anatomy, and thus produce more homogenous dose in tissue. The goal of both image guidance and IMRT has been to maintain the current acceptable local control result while reducing potential toxicity. Research at William Beaumont Hospital has demonstrated that the routine use of IMRT whole breast tangential irradiation is feasible with clinical results in more than 500 patients treated through April of 2003 (6/99 - 04/03) showing excellent early results. The patient population included Stage 0, II patients, and I (27%, 56%, and 17% respectively). Treatment details include treatment times and treatment planning times that are comparable to that of conventional therapy, demonstrating routine feasibility. The median time for treatment delivery and the median time for treatment planning were 8 and 45 minutes respectively.  DVH analysis demonstrates significantly improvement in homogeneity, with hotspots typically limited to 105% of the prescribed dose. The data demonstrate that the IMRT technique results in more consistent and uniform treatment plans. (13) Other potential benefits from the application of these techniques are listed in table 1.

Accelerated fractionation schedules in whole breast irradiation have likewise been examined has a means of improving standard tangential irradiation. A Canadian study randomized patients to either standard fractionated irradiation or a moderately hypofractionated arm consisting of 42.5 Gy in 16 fractions. The results show no statistically significant differences in any endpoint including local control and cosmesis. (12) The published results have had little apparent impact on practice in the United States. The potential time and cost savings of hypofractionation are significant, especially in light of the approximately 130,000 women who are potential candidates for BCT in the US each year. 

The two examples of change or refinement of the practice of BCT represent continued research in a relatively mature therapy, and at the same time suggest a concern by researchers to alleviate perceived problems with the technique. The perceived problems are both side effect and quality of life related, and the second half of the thesis outlines a paradigm shift approach to the same issues.

Accelerated Partial Breast Irradiation

The working definition of accelerated partial breast irradiation is the delivery of larger doses per fraction of radiation therapy (RT) to the lumpectomy cavity plus a 1-2 cm margin of tissue after breast conserving surgery in patients with early stage breast cancer using brachytherapy or external beam irradiation techniques. APBI allows complete RT in 4-5 days after lumpectomy instead of 6-7 weeks. The scientific rationale for APBI research include the observation that the majority of recurrences after BCT occur in the tumor bed region, and that true recurrences away from the tumor bed are rare, and mostly represent new tumor development. Thus, the major effect of post-lumpectomy RT is to reduce the risk of recurrence in the tumor bed region. The hypothesis, therefore, is that whole breast RT (which requires 5 weeks to complete) may not be needed in appropriately selected patients.

A historical perspective is useful. Research started in 1992 at William Beaumont Hospital as well as at the Ochsner Clinic. Patients were motivated to participate in studies based on concerns over quality of life issues including choosing mastectomy over 6 weeks of radiation due to time constraints or lack of reasonable access to radiation oncology facilities. The most profound experience published to date for APBI is the partial breast irradiation protocols at William Beaumont Hospital. (14) Researchers there developed in-house APBI protocols to test the hypothesis.  The studies employed multi-catheter interstitial brachytherapy to treat the excision site plus an additional 1-2 centimeters of breast tissue circumferentially. First, a low dose rate (LDR) APBI protocol treated 120 Patients beginning in 1992, and then closed when replaced with a high dose rate (HDR) APBI protocol. The later protocol had the advantage of replacing inpatient treatment with outpatient treatment, reduced staff radiation exposure, and provided better dose control and quality assurance. Seventy-nine patients were enrolled relatively quickly on the HDR protocol. The results in these two cohorts have been outstanding due to appropriate selection criteria (Table 2) and quality assurance. The results at a median of six years are excellent and appear equal in all endpoints to a carefully matched population of patients treated with conventional whole breast techniques (15). (Table 3)  In 1995, the RTOG opened a NCI sponsored phase I-II trial of APBI, examining the use of multicatheter-based APBI in a multi-center setting. The published results in these patients have been excellent. The trial had careful central dosimetric quality assurance and demonstrated the feasibility of performing the technique in different practitioner’s hands. Subsequently, multiple institutions have published their experiences, with good results continuing in appropriately selected and appropriately treated patients. (Table 4) (15-27)

Despite the apparent efficacy and safety, many radiation oncologists remained skeptical of both the concept of APBI, and the multicatheter technique. In 1999, a new brachytherapy applicator was tested, in a phase I-II trial. (28) The device is a double lumen balloon catheter (MammoSite TM), surgically inserted into the lumpectomy cavity either at the time of lumpectomy, or percutaneously, a few weeks later. The balloon catheter is then used as an afterloaded high dose-rate applicator to deliver a highly conformal dose of radiation to the lumpectomy margin plus an additional 1-1.5 centimeter of tissue circumferentially. In May of 2002, the device was FDA approved, based upon the results of the phase I-II trial. The initial cohort of 43 patients now has a median follow-up of 31 months (January 2004), and no local recurrences. The patients have early cosmetic results equivalent to both multicatheter-based APBI, and traditional whole breast irradiation. (Table 5). 

The device, and its use, started a large interest in both the surgical and radiation oncology communities in APBI due to its apparent ease of use. Many practitioners were trained in the devices use and within 2 years, almost 4000 patients were treated with the balloon applicator. The rapid acceptance of the device has facilitated two interesting developments. First, public awareness of APBI has increased, leading to patient inquiries, and accelerated usage. Second, and more significantly, professional societies, and research organizations such as the NSABP and the RTOG have recognized the need to assess and assimilate the changing trend in treatment into their programs. As early as 2002, the American Brachytherapy Society published guidelines for performing APBI. (33) Shortly thereafter, the American Society of Breast Surgeons developed similar guidelines. (34)

In 2002, the NCI was asked to examine the issue of APBI by concerned academic radiation oncologists, due to increasing use of APBI, predominately with the Mammosite, off protocol, in community practice. The NCI responded by endorsing the initiation of a phase III trial, already in concept form at the NSABP, as a joint study by the NSABP and RTOG. The trial is approaching initiation of accrual at this writing (October 2004).

In addition, in 2002, growing interest developed in a newer and less invasive form of APBI. Three-dimensional conformal radiation therapy (3DCRT) APBI is the use of more complex external beam techniques to treat a more limited portion of the breast then conventional tangential irradiation. Multiple noncoplanar beams are employed to provide a relatively more focused dose of radiation to the excision site, plus a 1-2 centimeter margin.  The use of 3DCRT APBI began testing at two institutions, New York University and William Beaumont Hospital. Preliminary phase I-II results were encouraging, demonstrating feasibility despite the need for more generous treatment margins due to patient motion and set-up error, and higher doses to other regions of the breast and other non-breast tissues than seen with other forms of APBI (35-36). Early research prompted the opening of a RTOG protocol in 2003. The 3DCRT APBI trial quickly accrued and closed in July of 2004, with 54 patients enrolled at multiple institutions. The rapid accrual has allowed this third form of APBI to be included in the phase III trial. Therefore, the combined NSABP/RTOG trial is a randomization whole breast irradiation (the standard of care) to the three most commonly employed methods of APBI in the United States: multicatheter-based interstitial brachytherapy, balloon catheter-based brachytherapy, and 3DCRT. Three thousand patients are planned in a multicenter equivalency trial aimed at answering questions including a primary endpoint of local control, as well as secondary endpoints including quality of life and cosmesis. The patient selection criteria are broad, in hopes of further defining the appropriate population for APBI. 

Other APBI Techniques

The discussion is not complete without examination of other techniques employed for APBI. The other techniques are primarily in use in other countries, though not exclusively. Two main techniques are worth outlining here. Both techniques are intra-operative at the time of lumpectomy. The larger experience is a research project by the Milan group at the, European Institute of Oncology headed by Dr. Veronesi. The study is a multicenter trial randomizing between conventional whole breast irradiation and a single intraoperative dose of 21 Gy given with an electron beam technique. (37) The trial is over halfway towards its accrual goal of over 800 patients. No interim results are available at this time. The technique is of both interest and concern. The interest is sparked by further shortening of the radiotherapeutic course. The concerns are twofold. First, given the intraoperative timing, the final pathology of the margins, primary tumor, and axillary nodes are unknown. The protocol skirts this issue with a crossover design for patients with adverse prognostic pathologies. Second, the radiobiology of such dramatic hypofractionation are unknown both pertaining to tumor control and cosmesis. The second intraoperative technique is undergoing research at University College in London led by Dr. Vaidya. Similar in logistics, a low energy superficial x-ray unit is used to give a single dose of 5 Gy at a depth of 1 centimeter. The low energy x-ray trial shares the concerns of both dosing schedules and pathology. Currently about 120 patients have been accrued in this trial. (38)

Forward Directions

Looking towards the future, we see continued application of technologies both currently available and in development, applied towards minimizing the physical, biological, and psychosocial impact of breast conservation therapy. Time-tested techniques are being refined, and new treatment philosophies are being tested. The shift from whole to partial breast irradiation is a dramatic step. Ultimately, we may be able to select patients who do not need post-conservation surgery radiotherapy, but until then we will work towards minimizing the negative effects and maintaining high local control rates.
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Table 1.

Potential benefits of IMRT Whole breast irradiation.

	Treatment can be standardized

	Tumor bed dose can be better controlled

	Lung/heart dose can be avoided

	Acute toxicity reduced

	Late cosmetic results improved

	

	Quality of life improved

	Potential for application to more complex RT

	


Table 2.

Early studies selection criteria

	≥45 years of age



	T1, N0, M0 AJC Classification



	Cavity size > 3 cm 
·Negative surgical margins (NSABP definition) 

	Implanted within 10 weeks of the final lumpectomy surgery 



	Edge of post-surgical cavity must be > 5-7mm from skin surface


	



	Endpoint
	EBRT
	Brachytherapy
	p-Value

	TR/MM
	3%
	0%
	0.17

	Elsewhere Failure
	0%
	0%
	1.0

	Ipsilateral Failure
	3%
	0%
	0.17

	Regional Failure
	2%
	0%
	0.37

	Locoregional Failure
	4%
	0%
	0.14

	Distant Metastasis
	7%
	2%
	0.08

	Disease-Free Survival
	86%
	93%
	0.07

	Overall Survival
	91%
	95%
	0.15

	Cause-Specific Survival
	98%
	100%
	0.11


Table 4. Accelerated Partial Breast Irradiation Studies (Interstitial Experience)

	Institution
	#

Cases
	Median F/U

 (mo)
	# Patients Followed >5 years
	5-Yr Actuarial

Recurrence Rate

Total

(%)
	5-Yr

Elsewhere

Failure Rate

(%)

	William Beaumont Hospital15
Totala
	199
	65
	107
	1.2
	0.6

	Low dose rate protocol
	120
	82
	85
	0.9
	0

	High dose rate protocol 
	79
	52
	22
	2.1
	2.1

	Ochsner Clinicb16
	160
	84
	90
	2.5b
	1.2b

	Virginia Commonwealth Universitya 17
	59
	50
	20
	5.1
	2.6

	RTOG 95-1718
	99
	44
	--
	3
	--

	University of Kansas19
	25
	47
	--
	0
	--

	Florence20
	90
	27
	--
	4.4
	--

	Massachusetts General Hospital21
	48
	23
	--
	0
	--

	Tufts/Brown Universities22
	33
	58
	--
	6b
	6b

	University of Wisconsin23
	50
	--
	--
	--
	--

	Guys Hospital24
	27
	72
	--
	37
	--

	Guys Hospital II25
	50
	60
	--
	18
	4

	London Regional Cancer Center26
	39
	91
	33
	16.2
	10

	National Institute of Oncology, Budapest, Hungary Phase I/II Trialb27
	45
	70
	43
	4.4b
	4.4b

	National Institute of Oncology, Hungary

 Phase III Triala
	126
	34
	--
	2.5b


	1.7b


a= verbal communication

b= crude rate

RTOG = Radiation Therapy Oncology Group

Table 5.  Literature review of data on cosmetic results for brachytherapy and conventional whole breast external beam radiation therapy.

	Cosmetic

Results

(Harvard Criteria)) 
	Institution

	
	MammoSite(tm)

(28)
	William

Beaumont

Hospital (15)
	EORTC

Trials (30)
	JCRT

(29)
	Mayo Clinic

(32)
	MSKCC

Breast Size(33)

	
	
	
	
	
	
	Large
	Average

	Excellent/Good

Fair

Poor


	88% (A,B)

9%

--

3% unknown
	93%(B)

0.5%

--

6.5% unknown
	71%

26%

3%
	88%

12% (2)

--
	82%

18%

--
	80%

20%(C)

--
	90%

10%

--


A = At 2 years, B= Brachytherapy, C = Fair/Poor combined, D = At 3 years, JCRT = Joint Center for Radiation Therapy, MSKCC = Memorial Sloan Kettering Cancer Center, EORTC = European Organization for Research and Treatment of Cancer




Table 3.    5-Year Actuarial Results -Matched pair analysis 








