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INTRODUCTION: 

Since in a selected subset of post-menopausal women with breast cancer there is a very 
low risk for local recurrence elsewhere in the breast, a regimen of conformal hypo- 
fractionated radiotherapy (5 fractions in 2 weeks) directed to the original tumor bed with 
margins, could generates local control rates and cosmetic results equivalent to those 
achieved by conventional post-operative radiotherapy (30 fractions over 6 weeks) while 
being much more convenient and economical. 
The specific aims of this IDEA grant are: 
1. To determine the feasibility of a regimen of hypo-fractionated conformal 
radiotherapy to the tumor bed as part of breast preservation in selected post-menopausal 
women with Tl breast cancers. 
2.To explore the efficacy of this approach when compared to historical local control rates 
achieved by standard post-operative radiation. 
3.To prospectively assess the role of circulating TGF-Dipre-treatment as a marker for 
post-treatment fibrosis. 
4. To pilot-test the use of ultrasound for localizing the radiation therapy target (tumor 
bed) and for daily positioning of the target with respect to the linear accelerator's 
radiation beams 

BODY: 
An NYU-IRB approved protocol testing the research hypothesis of this study has been 
actively recruiting patients since October 2000, with independent funding from those 
allocated by the current award. 
The study expects to accrue a total of 99 patients in 3 years. 
We are hereby reporting the preliminary results obtained by studying the first 29 patients 
accrued, since the modifications to the protocol and the consent required by the DOD and 
included in the currently open protocol were minor and have not modified the research 
component of the trial. The subsequent 70 patients accrued will be consented with the 
reviewed and corrected active protocol, and will sign the reviewed consent that reflects 
the minor changes required by the DOD. While the clinical resuhs and conclusions will 
be merged, care will be taken to specify in any presentation or publication the separate 
source of support for the two consecutive patients cohorts. 

With regard to Task 1 and 2 of the approved statement of work: (year 1-4) 
"To determine the feasibility of a regimen of hypo-fractionated conformal radiotherapy 
to the tumor bed as part of breast preservation in selected post-menopausal women with 
Tl breast cancers, and to explore the efficacy of this approach when compared to 
historical local control rates achieved by standard post-operative radiation." 

The current study is offered only to eligible post-menopausal women who have refused to 
undergo conventional six-weeks radiation after segmental mastectomy. A total of 32 
patients refused to undergo conventional radiation therapy and were also eligible to the 
trial; 29/32 chose to enter the study, with an acceptance rate of 90%. 
At the time of the current report 29 patients have accrued: only one patient has 
interrupted treatment after receiving the first fraction of radiation. No detectable toxicity 



was associated with treatment and the patient refused to return for further treatment 
despite numerous efforts to convince her to continue. This patient remains in 
communication with her primary doctor and she is reported to be NED a year later. 
Among the 28 patients who have completed treatment no recurrence have occurred: 
median follow up is 10 months. All patients appear to tolerate treatment very well with 
only mild discomfort reported when lying prone for planning and treatment. 
In addition, follow-up of the pilot cohort of nine patients treated 5 years ago at USC, has 
shown no recurrences in this small group of patients: the data is reported in a manuscript 
published in the January/2002 issue of Radiology (ref l.copy attached in appendix). 

During this first phase of the trial we have focused on two tasks: 

1) designing a more comfortable and reliable treatment table that can enable geriatric 
breast cancer patients to comfortably withstand the treatment in prone position. 

As a result of a partnership with one of our breast cancer survivor/advocate who is an 
architect, a new, much more comfortable table for prone imaging and treating was 
designed (designing and engineering was generously donated by our partner-advocate) 
and built, as per the attached digital photo (see appendix). The table is now ready for 
validation and testing to be compared to our previous table (2). 

2) developing preliminary physics data about dose volume histogram (DVH) 
analysis in the studied population. 

Much of our initial research effort has been spent in studying geometric and anatomic 
issues of the tested technique and their dosimetric implications. 
As described in the original proposal the breast tissue and tumor bed, identified at CT as 
the post-surgical cavity, are contoured on a 3D planning system (Varian 
Somavision/CadPlan) and a 2 cm margin added to determine the PTV. A plan was 
generated in the attempt to treat the entire PTV to 90% of the prescription dose. Six Gy 
per fraction are delivered to the 95 % isodose surface in 5 fractions over ten days weeks, 
to a total dose of 30 Gy. 
Currently 29 patients have completed treatment: median age is 68 (range 54-87). Average 
tumor diameter is 0.9 cm (range 0.2-1.5). Except for grade 1 erythema in 5/26 (25%) no 
other acute toxicity was detected. Planning in the prone position was feasible in all 
patients. The predominant technique for treatment was a pair of parallel-opposed 
tangents. This arrangement assured good coverage given the constraints imposed by the 
PTV and its relationship to the table. We found heterogeneity of DVH based on the 
position of the original tumor bed and the size of the breast. For the entire group the 
volume of breast tissue included by the 95%) isodose ranged between 15% to 46%). Six 
of the patients received greater than 50%) of the dose to 50%) of the breast. Five of the 
patients treated had less than 25%) of the breast tissue contained within the prescription 
isodose surface. In all patients volumes of heart and lung included in any of the treatment 
fields were clinically insignificant. 
In conclusion, these preliminary data confirm in a larger number of patients that in most 
cases it is possible to successfully plan and treat a quadrant of the breast without 



exceeding 50% of the dose to 50% of the breast volume. Although the intent was to be 
able to treat the breast tissue completely from beneath the table, portions of the PTV were 
often superior to the table. Alterations in the table design (like those applied to our 
recently completed new table) might improve the current dosimetric findings. Similar to 
the results in our pilot study this approach appears to be well tolerated with only mild 
acute side effects. Longer follow-up is required to assess efficacy and cosmesis. 

Task 3: (year 1-4) 
To prospectively assess the role of circulating TGF-Dipre-treatment as a marker for post- 
treatment fibrosis. 

As plarmed, patients were seen once/week during treatment and once two weeks after. 
Thereafter they will be seen in follow up every 3 months for the first year and every six 
months for the following five years. At each visit, physical exam to detect clinical 
recurrence was performed and mammography films (once/year) were reviewed. The data 
has been regularly accrued and a copy of the Oracle forms specifically developed for data 
collection in this study is attached. 

Task 4: (year 1-2) 
To pilot-test the use of ultrasound for localizing the radiation therapy target (tumor bed) 
and for daily positioning of the target with respect to the linear accelerator's radiation 
beams. 

We had plaimed to establish the accuracy in target definition by ultrasound imaging and 
to compare it to CT imaging. Since funding for the acquisition of the US device was 
obtained only six month ago, only CT imaging was used for the first 29 patients accrued 
to the trial. 
We plan to soon initiate the parallel US evaluation of target volume. 

KEY RESEARCH ACCOMPLISHMENTS: 

1. feasibility is demonstrated in the first 29 patients 
2. dosimetric findings obtained in the first 29 patients appear to confirm our 

predictions. 
3. optimal patient accrual, with an acceptance rate of 90% among patients who 

refused the initial recommendation for conventional six weeks of post-segmental 
mastectomy fractionated radiotherapy 

REPORTABLE OUTCOMES: 

Since the award was received the study has been presented by the P.I. at one 
international and two national conferences (both CME approved): 

-IV Madrid Breast Cancer Conference: changes in the treatment of breast cancer. Madrid 
June 7-9, 2001 



-Mayo Clinic Amelia Island Oncology Review Course 
August 15-18, 2001 

- Manhattan Breast Cancer Society 
January 17, 2002 

CONCLUSIONS: 

The current trial has shown to be feasible and well tolerated. The encountered acceptance 
rate is 90% in the studied population and the accrual is close to the expected target 
(29/31). 
Preliminary dosimetric findings encourage us to continue especially in view of the 
excellent tolerability of this approach. While no patient has recurred at this time, the 
planned one-year of minimum follow up for the first 31 patients has not been reached yet. 
The study continues as planned and approved. 

REFERENCES: 

1) Formenti SC, et al Radiology. 2002 Jan;222(l):171-8 
2) Joszef G et al Medical Physics 27(5): 1005-10 2000 

APPENDICES: 
1. DVH graph 
2. copy of the manuscript 
3. copy of Oracle database forms 
4. Digital picture of the new table 
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Tl Stage Breast Cancer: 
Adjuvant Hypofractionated 
Conformal Radiation Therapy 
to Tumor Bed in Selected 
Postmenopausal Breast Cancer 
Patients—Pilot Feasibility Study^ 

PURPOSE: To explore the feasibility of a short course of hypofractionated conformal 
radiation therapy to the tumor bed as part of a breast preservation protocol in 
postmenopausal patients with nonpalpable pTI NO stage breast cancer. 

MATERIALS AND METHODS: The tumor bed was imaged at computed tomog- 
raphy (CT) in the prone position on a dedicated table. The same table and position 
were used for treatment with a 4-MV linear accelerator. The planning target volume 
was the tumor bed plus a 1-2-cm margin defined at postmastectomy CT. A regimen 
of five fractions was tested in this pilot dose study. Cosmesis was assessed by 
patients and physicians before treatment and 36 months after treatment. 

RESULTS: Ten consecutive patients who were eligible for the study were assigned 
to one of three dose-per-fraction regimens; nine were treatable with the proposed 
technique on the basis of CT findings. Patients received five fractions over 10 days 
(total dose range, 25-30 Gy): Three received 5.0 Gy per fraction; four, 5.5 Gy; and 
two, 6.0 Gy. At minimum follow-up of 36 months (range, 36-53 months), all 
patients were alive and disease free with good to excellent cosmesis. 

CONCLUSION: Hypofractionated conformal breast radiation therapy is feasible. 
Further studies are warranted. 

The rate of breast cancer detection has accelerated due to the ability to use screening 
mammography to Identify small nonpalpable breast lesions (1-4). As a result, a new 
patient population is emerging that is composed of postmenopausal women with non- 
palpable tumors measuring less than 2 cm in diameter that are detected at routine 
mammography. The natural history of these tumors is not well known since data are 
scarce, and controversy exists regarding their correct management (4-6). For instance, the 
role of systemic chemotherapy remains controversial, but adjuvant treatment with tamox- 
ifen is almost always indicated (7). 

Is the standard regimen of 6 weeks of postoperative radiation therapy necessary in this 
patient population? Results of a few studies have suggested a lower risk of local recurrence 
with segmental mastectomy alone than what is expected from classical histopathologic 
assessments of multifocality and multicentricity (8-10). However, the recent disclosure of 
results from the National Surgical Adjuvant Breast Protocol B-21 demonstrate that tamox- 
ifen treatment alone is insufficient to prevent local recurrence even in women with tumors 
measuring less than 2 cm (11). On the other hand, alarming data are also emerging 
documenting that a sizable proportion (36%) of older women undergoing breast preser- 
vation surgery do not undergo postoperative irradiation, probably because of the difficulty 
of adhering to the standard protocol of 6 weeks of radiation therapy (12). 

Could a more convenient fractionation regimen substitute for the current radiation 
therapy protocol? The safety of using a hypofractionated irradiation schedule is supported 
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by the results of a prospective random- 
ized trial with 230 patients published by 
Baillet et al (13). Patients in this study 
were randomly assigned to receive 45 Gy 
in 25 fractions over 33 days or 23 Gy in 
four fractions (two fractions at 5 Gy and 
two at 6.5 Gy) over 17 days (hypofrac- 
tionation group). With a minimum fol- 
low-up of 4 years at the time of publica- 
tion, no difference in local recurrence 
rate (7% vs 5%) was detected between the 
two arms of the study. Among the pa- 
tients who underwent breast preserva- 
tion, however, telangiectasia was more 
prevalent (14% vs 9%) and there was 
twice the incidence of breast fibrosis 
(18% vs 9%) in those randomly assigned 
to the hypofractionation arm. 

Building on the French experience (13), 
we decided to pilot test the role of hypo- 
fractionated radiation therapy to a target 
treatment volume smaller than the entire 
breast, with the intent of reducing the 
risk of fibrosis and poor cosmesis, which 
are more likely to occur when the entire 
breast is treated with large radiation frac- 
tions. We based our rationale for treating 
only part of the breast on the pattern of 
in-breast recurrence when irradiation is 
omitted. Four prospective randomized 
trials (14-17) that tested the h)^othesis 
of avoiding postoperative irradiation in 
early breast cancer have generated infor- 
mation about the geographic profile of re- 
currence after partial mastectomy alone: 
The large majority of local recurrences 
occur at the original tumor bed. More- 
over, evidence is available to suggest that 
the risk of recurrence outside the original 
tumor bed in the ipsilateral breast appears 
be similar to that of new tumors in the 
contralateral breast (16,18,19) (Table 1). 

These findings suggest that adjuvant 
radiation therapy to a volume inclusive 
of the tumor with sufficient margins 
might be adequate to markedly reduce 
the risk of local recurrence in women 
with Tl stage breast cancer. The issue is 
quite relevant, since a reduction in the 
target volume of irradiation permits the 
consideration of more convenient frac- 
tionation regimens and allows us to chal- 
lenge the existing paradigm of radiation 
treatment. Initially, we developed a ra- 
diosurgery-like approach to investigate, 
as part of an Institutional review board- 
approved study, the biologic effect of a 
large single fraction given preoperatively 
to Tl stage breast cancers measuring less 
than 1 cm. The technical and physical 
components of such an approach were 
previously reported (20). After the first 
three patients, however, we elected to in- 

TABLE 1 
Breast Cancer Incidence after Breast Preservation Surgery: Ipsiiateral Breast 
Outside of Tumor Bed versus Contralateral Breast 

Incidence (%) 

Study Follow-up 
Ipsilateral 

Breast 
Contralateral 

Breast 

Fisher et al (18) 
Veronesi et al (16) 
Dalberg et al (19) 

39 mo 
39 mo 
13y 

1.3 
1.5 
1.8 

2 
1.5 
4 

TABLE 2 
BEDs and Response to Irradiation 

Standard 
Regimen 

30 Fractions 

Hypofractionation Regimen 

Five Fractions Five Fractions Five Fractions 
Response a/P of 1.8 Gy of 5.0 Gy of 5.5 Gy of 6.0 Gy 

Erythema 8 66 41 46 53 
Desquamation 11 62 36 41 46 
Telangiectasia 4 78 56 65 75 
Fibrosis 2 103 88 103 120 
Tumor 2 103 88 103 120 
Tumor 4 78 56 65 75 

Note.—Data are in grays. 

terrupt the study because of findings of 
multifocality at surgery in two patients. 

It became evident to us that a larger 
volume of breast needed to be included if 
partial breast irradiation were to be tested 
postoperatively: Consequently, the orig- 
inal protocol developed into a pilot study 
of hypofractionated radiation therapy to 
partial breast tissue. We used a previously 
described (20) dedicated treatment table 
that allows both prone computed tomo- 
graphic (CT) imaging of the breast and 
conformal treatment with a 4-MV linear 
accelerator (Linac 4; Varian Medical Sys- 
tems, Palo Alto, Calif) in the same posi- 
tion. Thus, the purpose of this study was 
to explore the feasibility of a short course 
of hypofractionated conformal radiation 
therapy to the tumor bed as part of a 
breast preservation protocol in postmeno- 
pausal patients with nonpalpable Tl stage 
breast cancers detected at mammography 
who were to receive tamoxifen. 

We limited the size of this pilot study 
to 10 patients and elected to observe 
them for a minimum of 36 months be- 
fore accruing new patients to this study. 

MATERIALS AND METHODS 

Calculation of Biologically Effective 
Dose 

The biologically effective dose (BED) 
for each treatment condition was calcu- 

lated by using the following equation 
(21): BED = (n X rf)(l + rf/ot/p), where n is 
the number of fractions, d is the dose per 
fraction, and a/3 is a value for the partic- 
ular tissue and response. It was assumed 
for all calculations that full repair takes 
place during the 24-hour or longer inter- 
val between fractions. 

Table 2 lists the standard and hypo- 
fractionation treatment BEDs for tumor 
control, in addition to the early responses, 
erythema and desquamation, and late re- 
sponses, telangiectasia and fibrosis. The 
a/p values used for these computations 
were reported in previous studies (23-28). 
The normal tissue complication BEDs 
were generally lower for the hypofrac- 
tionation schedules compared with those 
for standard treatment, suggesting a di- 
minished risk for radiation-induced ef- 
fects. The only instance yielding an in- 
creased BED was for skin fibrosis at the 
highest dose. However, it must be kept in 
mind that the treatment was conformal 
to the tumor bed, and, therefore, a 
smaller volume of skin was irradiated, 
compared with irradiation with the stan- 
dard treatment. This may have some- 
what lessened both the severity and the 
probability of fibrosis compared with 
the probability after whole-breast irradi- 
ation. 

As for tumor control, the BEDs calcu- 
lated with the a/p value set at 4 Gy, as 
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a. 
Figure 1.   (a) A patient undergoes CT in a diagnostic scanner while lying prone in the treatment position on the dedicated treatment table, (b) The 
same patient is ready to receive treatment in the imaging position. 

suggested in experiments involving irra- 
diation of human breast cancer cell lines 
(23,28,29), were comparable to the stan- 
dard treatment for the highest dose sched- 
ule but were lower for the other two treat- 
ment plans. However, on the basis of the 
results of a previous randomized study of 
a hypofractionation schedule (13), an 
a/p value of 2 Gy may be more accurate 
for breast carcinoma. The tumor BEDs 
were therefore recalculated by using an 
a/3 value of 2 Gy, which yielded simi- 
lar BEDs for the hypofractionation and 
standard schedules. Hence, the probabili- 
ties for tumor control associated with 
the hypofractionation schedules were 
comparable to that for standard treat- 
ment. 

On the basis of the BEDs listed in Table 
2, the patients were randomly assigned 
to one of three sets of dose-per-fraction 
schedules, 5.0, 5.5, or 6.0 Gy daily five 
times over a 10-day period, since the 
BEDs for both tumor and normal tissue 
effects associated with these treatments 
were within the same range as those cal- 
culated for a standard treatment. 

Patient Eligibility 

Patients eligible for entry into this pi- 
lot feasibility study were postmenopausal 
women who had undergone segmental 
mastectomy for newly diagnosed non- 
palpable Tl stage invasive breast cancer. 
Other requirements were pTl stage tu- 
mor, estrogen receptor positive, with lack 
of an extensive intraductal component 

and negative surgical margins of at least 2 
mm. In all patients, tamoxifen was pre- 
scribed as a systemic adjuvant treatment. 
Patients were initially offered a standard 
regimen of 6 weeks of radiation therapy. 
Breast size and shape were not limiting 
criteria for eligibility to this study. All 
patients provided signed informed con- 
sent. 

Patients and tumor characteristics were 
recorded by one of the authors (S.C.F.) 
and included age, date of initial patho- 
logic diagnosis of breast cancer, tumor 
size and nodal status at pathologic exam- 
ination, number of radiation therapy 
fractions, dose per fraction, and total ra- 
diation dose received. Local or distant 
recurrence was recorded by two of the 
authors (S.C.F., K.A.S.). 

From the described radiobiologlc con- 
siderations, a dose per fraction of 5-6 Gy 
in five fractions was predicted to be the 
closest equivalent to the conventional 
regimen of 30 fractions of 2 Gy each. We 
elected to investigate 5.0, 5.5, and 6.0 Gy 
per fraction. The three tested doses per 
fraction were randomly assigned (from a 
list generated in the clinical research of- 
fice of the cancer center) to avoid some of 
the more common investigator-gener- 
ated biases (ie, entry of "safer" patients at 
lower dose levels or of higher risk pa- 
tients at higher dose levels). Patients who 
refused to undergo 6 weeks of irradiation 
were eligible, and all patients were re- 
quired to provide signed informed con- 
sent to participate in the study. 

Patient Positioning and Treatment 
Setup 

The patient was placed in the prone 
position on a specially designed treat- 
ment table (Fig 1). The table has an aper- 
ture with variable diameter, which allows 
the breast to hang down. The specifica- 
tions of the design have been previously 
described (20). Since the last 63 cm of the 
table does not have any support from 
underneath the main board where the 
patient lies, the hanging breast can be 
irradiated from a large spatial angular in- 
terval. The treatment couch rotation 
range is approximately 220°, while the 
gantry rotation range is 180° when the 
couch is not rotated and 90° otherwise 
(20). The end of the table bends less than 
5 mm below the horizontal plane when 
the patient is on the table. Bending at the 
breast level is visually undetectable. 

Once imaging and treatment planning 
were completed, the patient was set up 
daily by referring to markings on the skin 
and the treatment table after placement 
of BB markers, as previously described 
(20). When radiopaque markers (clips) 
were not left in the breast, more external 
markers were used to facilitate accurate 
reproduction of the treatment position. 
Lateral and oblique port films were ob- 
tained to verify the treatment position. 
The verification was accomplished by 
comparing the port films with digitally 
reconstructed radiographs produced by 
the treatment planning software (20). For 
each patient treated daily, setup accuracy 
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was verified with a set of orthogonal port 
films before each radiation fraction was 
delivered. In addition, at least two fields 
were ported every time. 

Target Definition Treatment 
Planning 

The table is built of wood and does not 
contain metallic parts in the region of 
interest, therefore it can be used for CT 
imaging without the result of any metal 
artifact on the images. CT images ob- 
tained in the treatment position were 
downloaded to our treatment-planning 
software. The physician outlined the tar- 
get volume on the basis of information 
obtained from the surgery report, mam- 
mography results, or other available ex- 
amination results. If radiopaque surgical 
clips were present, the process of marking 
the boundaries of the surgery to outline 
the target volume was greatly simplified. 
We defined the planning target volume 
as the tumor cavity identified at CT plan- 
ning plus a 2-cm margin. The prescrip- 
tion dose was defined as the minimum 
dose that encompassed 95% of the plan- 
ning target volume. The maximum dose 
was not to exceed the prescription dose 
by more than 10%. 

The open-ended table enabled the ap- 
plication of multiple arcs with different 
table rotations. However, parts of the arcs 
inevitably would result in irradiation of 
nonbreast tissue (eg, lung); therefore, in 
most cases, the treatment field selection 
was limited to five to seven horizontal 
fixed beams in the coronal plane (Fig 2). 
The field sizes were adjusted to the pro- 
jection of the planning target volume. 

Assessment of Cosmetic Result 

During the first visit to the radiation 
oncology department, each patient was 
asked to assess the cosmetic result achieved 
after breast surgery by using the cosmesis 
score reported by Gray et al (22). The 
subjective analysis of cosmetic outcome 
was grouped as follows: 9-10, excellent; 
7-8, good; 5-6, fair; and 4 or less, poor. 
The indexes evaluated were symmetry, 
breast edema, skin thickening, breast tis- 
sue fibrosis, retraction, telangectasia, and 
dimpling. The same evaluation was per- 
formed at 36-month follow-up. At these 
follow-up evaluations, the doctor and the 
patient both scored the cosmetic result 
with the same four score categories. 

RESULTS  

From January 1997 to June 1998, 10 con- 
secutive eligible patients were entered 
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Figure 2. Three-dimensional graphic reconstruction of five "beam- 
eye views" used in the treatment of a patient. All beams exit below the 
dedicated treatment table. The reconstruction was limited to the 
hanging breast containing the target volume; the rest of the patient 
and the dedicated table are not displayed. Lat = lateral, Lt = left, Rt = 
right. 

TABLE 3 
Patient Characteristics and Treatment Specifications 

Patient No./ Dose per Fraction/ 
Age(y) Tumor Size (cm) Lymph Nodes* Total Dose (Gy) 

1/76 0.7 X 0.5 X 0.5 0/10 5.5/27.5 
2/69 1.0X0.8X0.5 0/13 5.0/25.0 
3/65 1.5 X 1.3 X 1.0 0/23 6.0/30.0 
4/74 1.6 X 1.5 X 1.3 NA 5.5/27.5 
5/66 1.5 X 1.2 0/23 6.0/30.0 
6/78 0.5 X 0.5 NA 5.0/25.0 
7/85 1.4 X 1.0 X 1.0 0/15 5.5/27.5 
8/60 1.0 X 1.0 0/7 5.0/25.0 
9/60 1.2 X 1.2 0/sentinel 5.5/27.5 

10/58 0.7 X 0.6 X 0.5 0/sentinel Not applicable 

Note.—All patients were treated with five fractions except patient 10, who was not treated owing 
to original tumor location. 

* Data are number of metastatic nodes/number of resected nodes at axillary dissection. NA = 
not available. 

into the study. Three patients received 
5.0 Gy per fraction; four received 5.5 Gy 
per fraction; and three were assigned to 
receive 6.0 Gy per fraction, only two of 
whom were treated. One of the latter 
three patients in the 6.0-Gy per fraction 
group was determined not to be treatable 
with the present technique because of 
original tumor location. All remaining 
patients were treated daily five times over 
a 10-day period. In all nine patients treated, 
the dose prescription requirements were 
achieved. The average number of treat- 
ment fields used was five (range, three to 
eight; median, five). 

Table 3 describes the characteristics of 
the accrued patients. The median age was 
65 years (range, 58-85 years). In two pa- 
tients, no axillary node dissection was 
performed: in one (patient 6) because of 
tumor size, and in the other (patient 4) 
because of the patient's refusal. Six pa- 

tients underwent level 1 and 11 axillary 
dissection and had no nodal metastases; 
in two patients, axillary dissection was 
avoided because of negative sentinel 
node biopsy findings. 

Figure 3 describes the findings of a typ- 
ical patient (patient 9) whose lesion was 
suitable for treatment with the proposed 
technique. At digital radiographic recon- 
struction, clips in the patient's breast were 
used to identify a volume that cleared the 
projection of the treatment table both on 
transverse (Fig 3a) and sagittal (Fig 3b) 
projections. BB markers were also dis- 
played to ensure reproducibility of the 
clinical setup during treatment after ini- 
tial CT imaging. In Figure 4, transverse 
(Fig 4a) and sagittal (Fig 4b) displays of 
planning target volume and isodose dis- 
tributions in patient 9 are shown. 

Among the 10 patients accrued and 
randomly assigned to the three radiation 
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Figure 3.   Example in patient 9, who had a lesion suitable for treatment with the proposed technique, (a) Transverse and (b) sagittal digital 
radiographic reconstructions show clips in the patient's breast that were used to identify a volume that clears the projection of the treatment table. 

a. b. 
Figure 4. Patient 9.   (a) Transverse and (b) sagittal displays of planning target volume and isodose distributions. 

fractions studied, one patient (patient 
10), assigned to the 6.0-Gy level was de- 
termined to be technically nontreatable 
with the proposed technique because of 
the location of the original tumor within 
the tail of Spence. Because of the proxim- 
ity to the chest wall of the volume en- 
closed by the  surgical  clips  (Fig 5a), 

which did not clear the treatment table 
(Fig 5b), patient 10 could not be treated 
with this technique. 

For each patient treated, a good corre- 
spondence (<5-mm difference) between 
the port film set and the reconstructed 
digital radiograph for that specific field 
was achieved. The average time on the 

table was 25 minutes (range, 18-47 min- 
utes); on several occasions, some patients 
complained of discomfort encountered 
while remaining still in the prone posi- 
tion. No patient, however, requested an 
interruption in treatment. 

Minimum follow-up for the 10 patients 
was 36 months (range, 36-53 months). 

Volume 222 • Number 1 Breast Cancer: Hypofractionated Conformal Radiation Therapy • 175 



Figure S. (a) Transverse CT image in patient 10, who was found after randomization not to be treatable witli the proposed technique because of 
the proximity to the chest wall of the volume enclosed by surgical clips, (b) Transverse digital radiographic reconstruction shows that the volume 
delineated by the markers did not clear the treatment table. 

TABLE 4 
Follow-up and Treatment Outcome 

Postirradlatlon Cosmesis Assessment 
at Last Follow-UD 

Patient                   Last Follow-up 
No.                            Date* 

Postoperative 
Cosmesis Assessment* 

' 
Outcomet Patient Doctor 

1                           5/4/2001 NED at 41 mo Good Good Good 
2                            6/1/2000 NED at 53 mo Excellent Excellent Excellent 
3                            6/5/2001 NED at 41 mo Excellent Excellent Good 
4                            5/6/2001 NED at 40 mo Excellent Excellent Good 
5                            6/5/2001 NED at 46 mo Excellent Excellent Excellent 
6                            1/4/2001 NED at 45 mo Good Good Good 
7                            7/2/2000 NED at 38 mo Excellent Excellent Excellent 
8                            3/6/2001 NED at 45 mo Excellent Excellent Excellent 
9                            6/1/2001 NED at 36 mo Good Good Excellent 

10                            5/3/2001 NED at 39 mo Good Not appllcableS Not applicable^ 

* Date Is presented as month/day/year. 
■f NED = no evidence of disease. 
t Measured by patient just before start of radiation therapy. 
§ Patient could not be treated with the studied technique. 

With regard to cosmetic results, none of 
the nine treated patients has developed 
radiation changes with regard to symme- 
try, breast edema, skin thickening, breast 
tissue fibrosis, retraction, telangectasia, 
and dimpling at the time this report was 
written. All patients have maintained the 
same self-assessment of the cosmetic re- 
sult after treatment when compared with 
the pretreatment assessment. Similarly, 
the assessment of cosmetic result per- 
formed by the doctors (S.C.F. and K.A.S.) 
ranged from good to excellent for all pa- 
tients treated. 

At the time this report was written, 
none of the patients have shown clinical 
or radiologic local recurrence of breast 
cancer. All patients are alive without ev- 

idence of clinical or radiologic regional 
or distant metastases (Table 4). 

DISCUSSION 

The treatment approach pilot tested in 
this study introduces two variations when 
compared with the current standard reg- 
imen after segmental mastectomy: hypo- 
fractionation and partial breast radiation 
therapy. 

Historically, breast cancer was effectively 
treated with large radiation fractions (30- 
33). Both acute and delayed complica- 
tions were already well described in 1949 
by Baclesse (33), who discovered that for 
each fractionation regimen, the thera- 

peutic ratio was largely dependent on 
field size. Baclesse advocated the use of a 
"sufficient number of contiguous small 
fields in rotation" as the future of breast 
cancer radiation therapy. More recently, 
the prospective randomized trial of Bail- 
let et al (13) has provided evidence that, 
with a limited follow-up of 4 years, hy- 
pofractionation treatment is as effective 
as 45 Gy in 25 fractions. An obvious crit- 
icism of this study is the fact that the 
control arm was itself underdosed, since 
it is likely that a regimen of 45 Gy in 25 
fractions may be inadequate, especially 
in view of the fact that 61% of the pa- 
tients in the study had a T2 stage tumor 
and 17% had a T3-T4 stage tumor. Nev- 
ertheless, the relatively low rate of local 

176 • Radiology • January 2002 Formenti et al 



recurrence (considering the original tu- 
mor size distribution) and its comparabil- 
ity in the two arms is encouraging. As 
expected, fibrosis and telangectasia were 
more frequent in the hypofractionation 
arm (13). 

To reduce the risk of poor cosmesis and 
fibrosis, could a regimen of hypofraction- 
ated irradiation be safely limited to a vol- 
ume smaller than the whole breast? Tra- 
ditionally, the concept of limiting radiation 
treatment to part of the breast has been 
discouraged by the findings from patho- 
logic studies (10,34,35) with mastectomy 
specimens in which frequent multifocal- 
ity and multicentricity associated with 
even small breast cancers were reported. 

However, this concept must be revis- 
ited in view of the evidence generated by 
several prospective randomized trials 
(14-17) in which local recurrences in 
breast cancer patients who had not un- 
dergone irradiation were demonstrated 
to occur almost exclusively at the origi- 
nal tumor bed. It is conceivable that even 
in small breast cancers, the process of 
wound repair that follows surgical ma- 
nipulation might favor tumor bed recur- 
rence (36,37), as demonstrated by the 
high local recurrence rate encountered in 
the original study (38) from the joint 
center that omitted radiation therapy in 
women with Tl stage fully excised breast 
cancers. Consequently, postsegmental mas- 
tectomy radiation therapy to the tumor 
bed appears to remain a necessity in all 
invasive breast cancers, independent of 
tumor size and excision margins. 

Several groups have explored in phase I 
and II studies the use of brachytherapy to 
treat less than the entire breast tissue 
(39-42). An external-beam approach is 
more likely to (a) be more acceptable to 
the patient, (b) be more widely reproduc- 
ible, and (c) generate better dose homo- 
geneity and cosmetic results than brachy- 
therapy (43,44). Evidence is also emerging 
that preoperative blood levels of tumor 
growth factor-pi, or TGF-pi, could help 
identify patients more likely to develop 
radiation-induced fibrosis (45). 

Our results suggest that in nine of 10 
eligible patients, hypofractionated con- 
formal radiation therapy of the tumor 
bed was feasible and well tolerated. It 
appears that a tumor location very close 
to the chest wall may represent an exclu- 
sion criterion. While a conformal ap- 
proach was possible because most pa- 
tients in this pilot study had clips that 
could be used to determine the location 
and extent of the tumor bed, in the ab- 
sence of clips it may be necessary to treat 
larger volumes, comparable to a quad- 

rant of breast tissue, to ensure coverage of 
the tumor bed. 

The choice of the three hypofraction- 
ation schedules used in this study was 
based on the calculated BEDs listed in 
Table 2. As for normal tissue responses, 
with the exception of fibrosis at the high- 
est dose used, none of the treatment pro- 
tocols yielded BEDs greater than the stan- 
dard schedule. Therefore, an increased 
incidence of normal tissue responses would 
not have been expected. Even for the one 
dose in which the hypofractionation 
BED was high, it must be kept in mind 
that only a portion of the breast was ir- 
radiated, thereby likely decreasing the 
probability of a fibrotic reaction, as 
compared with the likelihood after whole 
breast radiation therapy. 

With respect to tumor control, the clas- 
sic dilemma typically encountered when a 
hypofractionation protocol is substituted 
for a standard treatment plan is either a 
reduced probability of tumor control or 
an increased risk for late complications. 
This is due to the observation that frac- 
tionation generally results in greater 
sparing of late-responding tissues relative 
to tumors. This finding is reflected in the 
relatively large a/p values derived for tu- 
mors and the small a/p values for late 
responses. However, in contrast to this 
generalization, evidence exists that breast 
cancer cells display a relatively low a/p 
value. This comes from in vitro studies 
(23,24,28) in which a/f, values deter- 
mined for breast cancer cell lines were 
generally about 4 Gy. However, an even 
lower a/p value of 2 Gy can be calculated 
by using the results of the existing pro- 
spective randomized trial (13) in which a 
standard treatment of 25 1.8-Gy fractions 
resulted in roughly the same level of tu- 
mor recurrence as a hypofractionation 
protocol of two 4.5-Gy plus two 6.5-Gy 
fractions. Therefore, it can be assumed 
that the BEDs for the two treatments 
were about the same, and on this basis an 
a/p value of 2 Gy was computed. 

It should also be noted that the hypo- 
fractionation schedules represent acceler- 
ated treatments because the total treat- 
ment time was 10 days, compared with a 
standard protocol in which the total ra- 
diation dose is delivered over 39 days. 
Hence, the actual BED of the standard 
protocol is somewhat lower than the val- 
ues reported in Table 2 and can be deter- 
mined by using the equation [(n x rf)(l + 
rf/a/p)] - [ln2(r- Tk)/a(Tpot)], where n is 
the number of fractions, d is the dose per 
fraction, T is the total length of treat- 
ment, Tjj is the time at which accelerated 
repopulation begins, and Tpo, is the po- 

tential doubling time of the tumor (21, 
46). In contrast, accelerated repopulation 
would not have been expected during the 
10-day hypofractionation treatments, and, 
thus, the BED values should not be ad- 
justed. However, this correction was not 
attempted since there have been no spe- 
cifically established values for a and T^ 
for breast cancers. In addition, the median 
Tpot value for breast cancers has been re- 
ported to be roughly 13 days (47,48), and 
use of this relatively high value would 
produce only small decreases in BEDs. It 
is also true that the BEDs for early re- 
sponses would be diminished if prolifer- 
ation during treatment is taken into ac- 
count. However, since the early-response 
BEDs for the hypofractionation sched- 
ules were so much lower than the stan- 
dard treatment BEDs (Table 2), it is unlikely 
that inclusion of a cellular proliferation cor- 
rection would change the order of these 
BEDs. 

Finally, the population of women tar- 
geted in this pilot study could particu- 
larly benefit from a radiation therapy 
technique that excludes the heart, be- 
cause recent epidemiologic evidence sug- 
gests that, in postmenopausal women, a 
large part of the survival benefit derived 
from postoperative irradiation is abol- 
ished by the increased risk of vascular 
disease after radiation therapy (49). 

Since the completion of 36 months of 
follow-up for all the patients treated in 
this pilot study, we have started a pro- 
spective phase II study. The aims of the 
this study are (a) to explore the efficacy of 
this approach when compared with his- 
torical local control rates achieved with 
standard postoperative radiation ther- 
apy, (b) to prospectively assess the pre- 
treatment role of circulating tumor growth 
factor-pl as a marker for posttreatment 
fibrosis, and (c) to pilot test the use of 
ultrasonography for localizing the radia- 
tion therapy target (tumor bed) and for 
daily positioning of the target with re- 
spect to the linear accelerator radiation 
beams in the absence of surgical clips. 
The trial uses the two-stage "mini-max" 
design of Simon (50) and will enroll at 
most 99 patients (a = .05; power = .80). 
This phase II study will generate the nec- 
essary data for a future phase III study to 
establish whether hypofractionated par- 
tial breast radiation therapy is as effective 
as the conventional 6-week protocol in 
this patient population. 
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