.3

AD

Award Number: DAMD17-01-1-0345

TITLE: Hypo-Fractionated Conformal Radiation Therapy to the
Tumor Bed After Segmental Mastectomy

PRINCIPAL INVESTIGATOR: Silvia C. Formenti, M.D.

Daniel Roses, M.D. Nelly Kuber, M.D.
Matthew Harris, M.D. Matthew Volm, M.D.
Richard Shapiro, M.D. Anna Pavlick, D.O.
Amber Guth, M.D. Ruth Oratz, M.D.
Gillian Newstead, M.D. Keith DeWyngaert, Ph.D.
Robert Schmidt, M.D. Judith Goldberg, Sc.D.
CONTRACTING ORGANIZATION: New York University School of Medicine

New York, New York 10016

REPORT DATE: July 2002

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are

those of the author(s) and should not be construed as an official

Department of the Army position, policy or decision unless so
designated by other documentation.

20030211 192

-

-



et

REPORT DOCUMENTATION PAGE o s

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden to Washington Headquarlers Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
July 2002 Annual (1 Jul 01 - 30 Jun 02)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Hypo-Fractionated Conformal Radiation Therapy to |DAMD17-01-1-0345
the Tumor Bed After Segmental Mastectomy

6. AUTHOR(S)

Silvia C. Formenti, M.D., Daniel Roses, M.D., Nelly Kuber, M.D., Matthew
Harris, M.D., Matthew Volm, M.D., Richard Shapiro, M.D., Anna Pavlick,
D.O., Amber Guth, M.D., Ruth Oratz, M.D., Gillian Newstead, M.D., Keith
DeWyngaert, Ph.D., Robert Schmidt, M.D., Judith Goldberg, Sc.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER
New York University School of Medicine

New York, New York 10016

E-Mail: silvia.formenti@med.nyu.edu

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBER
U.S. Army Medical Research and Materiel Command

Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES
report contains color

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for Public Release; Distribution Unlimited

13. Abstract (Maximum 200 Words) (abstract should contain no proprietary or confidential information)

The current trial tests a regimen of conformal hypo-fractionated radiotherapy (5
fractions) directed to the original tumor bed with margins in a selected subset of post-
menopausal women with breast cancer with a very low risk for local recurrence elsewhere in
the breast. We are currently reporting the feasibility results and DVH analysis of the
first 29 patients accrued. After planning CT is conducted in the prone position the
breast tissue and tumor bed are contoured on a 3D planning system and a 2 cm margin added
to determine the PTV. A plan is generated to treat the 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. All patients appeared to tolerate treatment very
well. DVH varied based on the position of the original tumor bed and the size of the
breast. In most cases it was possible to successfully plan and treat a quadrant of the
breast with parallel opposed tangent fields without exceeding 50% of the dose to 50% of
the breast volume. We continue accrual as planned, to a total of 99 patients.

14. SUBJECT TERMS 15. NUMBER OF PAGES
conformal radiation, breast cancer, post-menopausal women 53

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39-18
298-102




rt

Table of Contents

------------------------------------------------------------------------------------------



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 T1 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-Oipre-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 results 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
T1 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.1.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-1pre-treatment as a marker for post-
treatment fibrosis.

As planned, 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 planned 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(1):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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Dose-Volume Histograms of Breast Tissue
for Patients Receiving Partial Breast Irradiation
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T1 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 pT1NO 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 hypothesis
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 T1 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 T1 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-
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TABLE 1

Breast Cancer Incidence after Breast Preservation Surgery: Ipsilateral Breast
Outside of Tumor Bed versus Contralateral Breast

Incidence (%)

Ipsilateral Contralateral
Study Follow-up Breast Breast
Fisher et al (18) 39 mo 1.3 2
Veronesi et al (16) 39 mo 1.5 1.5
Dalberg et al (19) 13y 1.8 4

TABLE 2
BEDs and Response to Irradiation

Standard

Regimen Hypofractionation Regimen

30 Fractions Five Fractions Five Fractions Five Fractions
Response ofB of 1.8 Gy of 5.0 Gy of 5.5 Gy of 6.0 Gy

Erythema 8 66 141 46 53
Desquamation 1" 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 T1 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 d)(1 + d/a/B), where n is
the number of fractions, d is the dose per
fraction, and o/ 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/B 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 o/p value set at 4 Gy, as

Formenti et al
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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
o/ value of 2 Gy may be more accurate
for breast carcinoma. The tumor BEDs
were therefore recalculated by using an
a/p 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 T1 stage invasive breast cancer.
Other requirements were pT1 stage tu-
mor, estrogen receptor positive, with lack
of an extensive intraductal component
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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.

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 radiobiologic 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 % 0.5 0/10 5.5/27.5
2/69 1.0 X 0.8 X 0.5 0/13 5.0/25.0
3/65 1.5X1.3x%1.0 0/23 6.0/30.0
4/74 1.6xX1.5%X1.3 NA 5.5/27.5
5/66 1.5% 1.2 0/23 6.0/30.0
6/78 0.5%X0.5 NA 5.0/25.0
7/85 14%X1.0x%x1.0 0/15 5.5/27.5
8/60 1.0x 1.0 0/7 5.0/25.0
9/60 1.2x1.2 0/sentinel 5.5/27.5

10/58 0.7 X 0.6 X0.5 0/sentinel Not applicable

to original tumor location.

not available.

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

* Data are number of metastatic nodes/number of resected nodes at axillary dissection. NA =

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 freated. 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 I and II 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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Cranial
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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.

Right

a.

o
Cranial
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Caudal

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 Sa),
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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).
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a.
Figure 5.

Treatment table

b.

(a) Transverse CT image in patient 10, who was found after randomization not to be treatable with 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

Postirradiation Cosmesis Assessment
at Last Follow-up

Patient Last Follow-up Postoperative
No. Date* Outcomet Cosmesis Assessmentt 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 applicable$ Not applicable’

* Date is presented as month/day/year.
¥ NED = no evidence of disease.

¥ 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-
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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
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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 T1 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
and Il 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-81, or TGF-B1, 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-
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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 «/p values derived for tu-
mors and the small o/ values for late
responses. However, in contrast to this
generalization, evidence exists that breast
cancer cells display a relatively low o/B
value. This comes from in vitro studies
(23,24,28) in which «/p values deter-
mined for breast cancer cell lines were
generally about 4 Gy. However, an even
lower «/B 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/B 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 d)(1 +
dla/B)] — In2(T — Ty)/a(Tp)], where 1 is
the number of fractions, d is the dose per
fraction, T is the total length of treat-
ment, T is the time at which accelerated
repopulation begins, and T, 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
Tyt 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
BED:s.

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-B1 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.

Acknowledgments: The authors thank Dr
Rodney Withers and Dr Jack Fowler for their
scientific advice.

Breast Cancer: Hypofractionated Conformal Radiation Therapy - 177



References

1.

10.

11.

12.

13.

14,

Tabar L, Fagerberg G, Day NE, Duffy SW,
Kitchin RM. Breast cancer treatment and nat-
ural history: new insight from results of
screening. Lancet 1992; 339:412-414.

Tabar L, Fagerberg G, Duffy SW, Day NE, Gad
A, Grontoft O. Update of the Swedish two-
county program of mammographic screen-
ing for breast cancer. Radiol Clin North Am
1992; 30:187-210.

Ciatto S, Del Turco MR, Bonardi R, et al.
Non-palpable lesions of the breast detected
by mammography: review of 1182 consecu-
tive histologically confirmed cases. Eur J Can-
cer 1994; 30A(vol 1):40-44.

Tabar L, Chen HH, Fagerberg G, Duffy SW,
Smith TC. Recent results from the Swedish
Two-County Trial: the effects of age, histo-
logic type, and mode of detection on the
efficacy of breast cancer screening. J Natl
Cancer Inst Monogr 1997; 43-47.

Tubiana M, Holland R, Kopans DB, et al.
Commission of the European Communities
“Europe Against Cancer” programme: Euro-
pean School of Oncology Advisory report—
management of non-palpable and small le-
sions found in mass breast screening. Eur J
Cancer 1994; 30A(vol 14):538-547.
Rutqvist LE. Radiation therapy in early stage
breast cancer: biologic and clinical rationale.
Presented at the 85th Scientific Assembly and
Annual Meeting of the Radiological Society
of North America, Chicago, Ill, November
28-December 3, 1999.

Early Breast Cancer Trialists’ Collaborative
Group. Systemic treatment of early breast
cancer by hormonal, cytotoxic, or immune
therapy 133 randomized trials involving
31,000 recurrences and 24,000 deaths among
75,000 women. Lancet 1992; 339:1-1S.
Crile G Jr, Esselstyn CB Jr. Factors influencing
local recurrence of cancer after partial mas-
tectomy. Cleveland Clin ] Med 1990; 57:143-
146.

Fisher B, Anderson S, Redmond CK, Wol-
mark N, Wickerham DL, Cronin WM. Re-
analysis and results after 12 years of follow
up in a randomized clinical trial comparing
mastectomy with lumpectomy with and
without radiation in the treatment of breast
cancer. N Engl ] Med 1995; 333:1456-1461.
Holland R, Veling SHJ, Mravunac M, Hen-
driks JHCL. Histological multifocality of TIS,
T1-2 breast carcinomas: implications for
clinical trials of breast-conserving surgery.
Cancer 1985; 56:979-990.

Wolmark N, Dignam J, Margolese DL, et al.
The role of radiotherapy and tamoxifen in
the management of node negative invasive
breast cancer <1.0 cm treated with lumpec-
tomy: preliminary results of NSABP Protocol
B-21 (abstr). In: Program/Proceedings of the
American Society of Clinical Oncology, vol
19. Alexandria, Va: American Society of Clin-
ical Oncology, 2000; 70a.

Lawenda BD, Riffenburgh RH, Fukuda L,
Johnstone PA. Invasive breast cancer in
women age 75 and older (abstr). Radiology
1999; 213(P):202.

Baillet F, Housset M, Mylin C, et al. The use
of a specific hypo-fractionated radiation
therapy regimen versus classical fraction-
ation in the treatment of breast cancer: a
randomized study of 230 patients. Int J Ra-
diat Oncol Biol Phys 1990; 19:1131-1133.
Clark RM, Whelan T, Levine M, et al. Ran-
domized clinical trial of breast cancer irradi-
ation following lumpectomy and axillary dis-

178 - Radiology * January 2002

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

section for node-negative breast cancer: an
update—Ontario Clinical Oncology Group.
J Natl Cancer Inst 1996; 88:1659-1664.
Forrest AP, Stewart HJ, Everington D, et al.
Randomized controlled trial of conservation
therapy for breast cancer: six-year analysis of
the Scottish trial—Scottish Cancer Trials
Breast Group. Lancet 1996; 348:708-713.
Veronesi U, Luini A, Del Vecchio M, et al.
Radiotherapy after breast preserving surgery
in women with localized breast cancer.
N Engl ] Med 1993; 382:1587-1591.
Liljegren G, Holmberg L, Adami H, et al.
Sector resection with or without postopera-
tive radiotherapy for stage 1 breast cancer: a
randomized trial. J Natl Cancer Inst 1994;
86:717-722.

Fisher ER, Saas R, Fisher B, et al. Pathological
findings from the National Surgical Adjuvant
Breast Project (Protocol 6): relation of local
breast recurrence to multicentricity. Cancer
1986; §7:1717-1724.

Dalberg K, Mattsson A, Sandelin K, Rutqvist
LE. Qutcome of treatment for ipsilateral tu-
mor recurrence in early-stage breast cancer.
Breast Cancer Res Treat 1998; 49:69-78.
Jozsef G, Luxton G, Formenti SC. Applica-
tion of radiosurgery principles to a target in
the breast: a dosimetric study. Med Phys
2000; 27:1005-1010.

Fowler JF. The linear-quadratic formula and
progress in fractionated radiotherapy. Br ]
Radiol 1989; 62:679-694.

Gray JR, McCormick B, Cox L, Yahalom J.
Primary breast irradiation in large-breasted
or heavy women: analysis of cosmetic out-
come. Int J Radiat Oncol Biol Phys 1991;
21:347-354.

Steel GG, Deacon JM, Duchesne GM, Hor-
wich A, Kelland LR, Peacock JH. The dose-
rate effect in human tumor cells. Radiother
Oncol 1987; 9:299-310.

Matthews JHL, Meeker BE, Chapman JD. Re-
sponse of human tumor cell lines in vitro to
fractionated irradiation. Int J Radiat Oncol
Biol Phys 1989; 16:133-138.

Turesson 1, Thames HD. Repair capacity and
kinetics of human skin during fractionated
radiotherapy: erythema, desquamation, and
telangiectasia after 3 and 5 years follow-up.
Radiother Oncol 1989; 15:169-188.
Thames HD, Bentzen SM, Turesson 1, Over-
gaard M, Van den Bogaert W. Time-dose fac-
tors in radiotherapy: a review of the human
data. Radiother Oncol 1990; 19:219-235.
Archambeau JO, Pezner R, Wasserman T.
Pathophysiology of irradiated skin and
breast. Int ] Radiat Oncol Biol Phys 1995;
31:1171-1185.

Yamada Y, Ackerman I, Franssen E, MacKen-
zie RG, Thomas G. Does the dose fraction-
ation schedule influence local control of ad-
juvant radiotherapy for early stage breast
cancer? Int J Radiat Oncol Biol Phys 1999;
44:99-104.

Barendsen GW. Dose fractionation, dose rate
and iso-effect relationships for normal tissue
responses. Int J Radiat Oncol Biol Phys 1982;
8:1981-1997.

Atkins HL. Massive dose technique in radia-
tion of inoperable carcinoma of the breast.
AJR Am J Roentgenol 1964; 91:80-89.
Edelman AH, Holtz S, Powers WE. Rapid ra-
diotherapy for inoperable carcinoma of the
breast. AJR Am J Roentgenol 1965; 93:585-
599.

Baclesse F. A method of preoperative roent-
gen therapy by high doses, followed by rad-
ical operation for carcinoma of the breast

33,
34.

35.

36.

37.

38.

39,

40.

41.

42.

43.

44,

45,

46.

47,

48.

49.

50.

(showing survival up to 10 years). J Fac Ra-
diol 1955; 6:145-151.

Baclesse F. J Radiol Electrol Med Nucl 1949;
30:323-328.

Lagios MD, Westdahl PR, Rose MR. The con-
cept and implications of multicentricity in
breast carcinoma. Pathol Annu 1991; 16:83-
102.

Rosen PP, Fracchia AA, Urban JA, et al. “Re-
sidual” mammary carcinoma following sim-
ulated partial mastectomy. Cancer 1975; 35:
739-747.

Reid SE, Kaufman MW, Murthy §, et al. Peri-
operative stimulation of residual cancer cells
promotes local and distant recurrence of
breast cancer. ] Am Coll Surg 1997; 185:290-
306.

Fisher B, Gunduz N, Coyle J, Rudock C, Saffer
E. Presence of growth-stimulating factor in
serum following tumor removal in mice.
Cancer Res 1989; 49:1996-2001.

Schnitt SJ, Hayman J, Gelman R, et al. A
prospective study of conservative surgery
alone in the treatment of selected patients
with stage I breast cancer. Cancer 1996; 77:
1094-1100.

Fentiman IS, Poole C, Tong D, et al. Inade-
quacy of iridium implant as sole radiation
treatment for operable breast cancer. Eur J
Cancer 1996; 32A:608-611.

Vicini F, Kini VR, Chen P, et al. Irradiation of
the tumor bed alone after lumpectomy in
selected patients with early-stage breast can-
cer treated with breast conserving therapy.
J Surg Oncol 1999; 70:33-40.

Kuske RR, Bolton ]S, Wilenzick RM, et al.
Brachytherapy as the sole method of breast
irradiation in TIS, T1 T2, NO-1 breast cancer
(abstr). Int J Radiat Oncol Biol Phys 1994;
30:245.

Polgar C, Major T, Somogyi A, et al. Sole
brachytherapy of the tumor bed after con-
serving surgery: a new radiotherapeutic strat-
egy for patients at low risk for relapse. Neo-
plasma 1999; 46:182-189.

Van Limbergen E, Rijnders A, Van der
Schueren E, Lerut T, Christiaens R. Cosmetic
evaluation of breast conserving treatment for
mammary cancer. Radiother Oncol 1989; 16:
253-267.

Formenti SC, Lucas G, Ibarra JA, et al. Initial
brachytherapy in the breast conservation ap-
proach to breast cancer. Am J Clin Oncol
1995; 18:331-336.

Li C, Wilson PBL, Levine E, et al. TGF-beta
levels in pre-treatment plasma identify
breast cancer patients at risk of developing
post-radiotherapy fibrosis. Int ] Cancer 1999;
84:155-159.

Travis EL, Tucker SL. Isoeffect models and
fractionated radiation therapy. Int J Radiat
Oncol Biol Phys 1987; 13:283-287.

Stanton PD, Cooke TG, Foster G, Smith D,
Going JJ. Cell kinetics in vivo of human
breast cancer. Br J Surg 1996; 83:98-102.
Haustermans K, Fowler J, Geboes K, Christi-
aens MR, Lerut A, van der Schueren E. Rela-
tionship between potential doubling time
(Tpot), labeling index and duration of DNA
synthesis in 60 esophageal and 35 breast tu-
mors: is it worthwhile to measure Tpot? Ra-
diother Oncol 1998; 46:157-167.

Kurtz JM. Radiotherapy for early breast can-
cer: was a comprehensive overview of the
clinical trials needed? Lancet 2000; 355:
1739-1740.

Simon R. Optimal two-stage designs for
phase II clinical trials. Control Clin Trials
1989; 10:1-10.

Formenti et al




A[uO s10Yg U2910g

HINLAVO VLVA TVOINITO A T0VdO

¢C-00 NAN -AdI[1LS

dILNLILSNI ddIONVD NAN




L INOQ 98 B AL

.VN ..................................................................................................................................................... A%ﬂuﬂ—wm.@wOv EUQ QS:gozom HWN\H
R ND( 20USLINISY 3SLISI(]
P A D UONBISTUIWPY AWSHQ %ﬁBHWV ueyIXOwe],
g JND(] UOHBIIPSIA] JUBIIWIOIUO))
R IND( SUSAT 9SISAPY
T nWoda \mﬁoﬁmOrﬁ uoneIpey 9L
QT WO \AH—MOMXO,H uoneIpey MOy
e vé o8ed — IND( Yuaweal ], uoneIpey
g T D JUSWeal ] UoTjeIpey
Rt O Sqe’T [edTur))
T WOd wEOwQE%m surjeseq
T S)ISTA 1918] — IND( Wexg ﬁﬁoﬁhﬁ—m
s surfoseq — JAD(] WeXE [Bd1S %ﬂ d
R DA S[BUA
()T JND( UOTBWIONU] MSIA
@ ................................................................................................................................................................ EOQ mDHSUDOOHAH wsmﬁ00.~om
w ............................................................................................................................................................... A\O‘Sﬁn—ﬁw:mc ZUQ wamﬂoo.ﬁom
e WOA %&Ouwmm TeoIpPaIN
R ND( uawealL], I0LL]
m ...................................................................................................................................................................... EUQ m«mogw‘mma Om@@mma
.V .............................................................................................................................................................................. EUQ %QQMHMOEDQ
L D Be( reorydeidorg




wswwoy

Ayeioads

auoyd

Sep

uRiISAUd YD

, | dysuoneiay o BUDYdaa L

L m diysuop|ay "o auoydais]

i . dysuonsey "ap suoLdaa L

apog di7

. .. .
AN Tal M ‘BuBN 18414

SlER 1887

B paldebog -

.k‘»x;._uA;.;.uu.‘.{‘.g;;t..».‘;»,.‘c;;;».;‘EL.;k‘s;A.‘.x,u,..;.;x.gk.‘.\;pi‘;:..ku;\.‘ge.;‘x..“..,.»......,.‘x.....“;;».y;.;
R et e T e B P P T A i S B B I e I e e e I e T I L D L LI S P
e e e e B e R P e e A P e L e R e A I I I T AT S e

INOQ ejeq |eatydesbolg

"} J0 | alied B4




BTG

uBoIsAyd Bulusiay

# 1Y

&)ioads 'eyln

aoey

i8puas

aky g 4o g

a1 waned

soudrIbowe

4k a9k & E s 4 2 a ek 4.4 x4 acddoa 4 a ke e e hd 4 saca a w4 Fd 0 &ETED ks e atda d 4 @ s 464 4 FTa 4la s s 3 4 e ks aimcw SSRGS 0 a4 Ak e ah a8 6 W Ha e e e

3 . : » =
S e e e e R bt 2 St e SR R e R s s e s e ) alind B

Noa Aydeibowaq




- Wewwod

S AUSHXORY

‘siIsoufBip 18IUBa 156840 Jo W JBowiwen JO A 18 SSh J0j JUa.ND, 88 2I0N asf) USHXOoWB |

e[} | MH ---- skias[y aUDULIDH Joiid

HSId Acpnau-ZisH

OHIAY au-ZaaH M3

Je3) ZaeH Do SosUBIBBYD Jown ).

21pq sisoubisig Ued

H
W ;. ajp uaISRXg:
m

apq AuydeaBowe)y

N : . W apis
“ M

sieoufim J8ouBs) jseaig

« P L I I DR S B JE R L R Er B T NE
PR R R e R A IR B I 2 I I I R A N B R A I
PR PR A A A I RV R e R A A

B S I A S I PR L e L LT BT TR R e S S S N a « 4w
P e N R A I D I T e e R N Y| « e
P T P R R I R s R e R A A I R Al a FAFA

4 4 e woala
R
Attt

PR R I I TE I D B R IR N Sy P
GRSt B S §o )L afied B
LG S T ) Jo'), afied B

INOQ sisoubeig aseasi(




L i

AdVHIHLOWIHD U_xO._.O._.».U-ZOZW

(SONY AdwH3IHL mo_mn_w

AdTH3HL INIO:

1IN dSNTHL AOMEYIN INOE,

(SON) NOILYITvY,

NOILWIdvy Q3 LIAIT

90 _‘cme NOILWIAYY SAISNILKT

SRS 1

i

o ¥01006! AdWH3HLONMNNI

AH3IOUNS

H

Jq.zoEmOIw

w #
L uewwa)
|
(SON) AdvHIHLOWIHD 1
|

LT ADFHIHLIOWIHD

BIGET TIONIS AdVHIHLOWEHD,

H
H

| asop 18|40 a1Ep saa 'Adeiau I L jAdemupduy pary

JLBUIRa | AU -0l

.‘~unxxup.“‘....;-.‘u...,-....‘.x\.Lbz‘u.,...a‘u;i;x..unx‘u«.zs>..raz..‘.....;.‘u.»‘.‘...;~‘..u..‘n.ﬁ..ux.u..z?. 3 e
T T T e e i m—..hc_.wcmnwﬁ«ha«mmmn_mmu

T T R B A R R R R i D R i I R A AR R

INOQ judswijeal] Jolid




; SO

;
1Ng

H

- JIDOTOWTYHLIHDO

JID0T0LVINYEA

219010 1L%WIH

DIDOTOHIASH

15v348 /J0¥d3Y

BY13W/OaN3

WIOLNY /WM3HA

H

ADOTOHNIN;

W
:
W

Sia SNOILI3 AN

ADOTOMN NI

13

AHOLVHIdSIY:

|

HYIOSTAOIQNYD

SUCIIPLIOD SAIDY

.+~ BUCIIPUOD SAaBL)

818 IsIA

alBunopy

P N T LT I 0 o I B e e N B I B A T U I B T O O S i A e N I S I I R B e T i e R T S T N B s T A B N R B e S st e
B B D e M T I B i e e e e e B P ST ST B BT BT SR B SR A PP S R e R )
R P L T P P R D e e N I T S R R e R R T N e R I R R AR A A A A ]

INDQ AJ0SIH [ed1paiN

P R e P L o I R S e I B I AP N S SV i R R A Sl L

CWBISAS
Apog

- AJOYSIH [ROIRSKY-

'} Jo | abed &%



%....w..{t = q T T U

> m 2oz [030j04d aled

ot : ) .
EuEEwu

,Eiiisw :my_xn,.c,ﬂ_m 1 ,uwtmﬁ.mﬁo ~ iism w_uoﬁ B pajdwes m.m_uo.cw .

w - asnedouaw p gby W W) 8ZIE Jowng 108Xy - B BURMAUOD

| M OZW o W 150d LY NOLLYDIIDT204IIW SNOIDIISNS OZ ’
: ozw _ 113 LlAA BignEdWOaU) StDWINE Ul SO JO E_tg_en_ mM
- w o . ozw . - uagxows | m..cEm.oE sl Em_ﬁa : \.w
w OZM 78 TENOILNIANOD SYIANA 9 mm_z_n_UmD INIILYd "9
w Ozu | 15938 T9H3LYISd ALYIHIND ATSNOIATYd ‘5
ON COHSAs _.._s.j 8JUIS wu_w..mu UBwoa [eShedouai an“.w
; OZ | | | 10WNg J1 OR AIBoIL £ 2AeBaU apou jeLiUas 1 od .m“.
ON . 278V dTvd-NON HOWNL T¥NIO-O
.OZ | SNIOHEYIN IAILYOIN HLWA HMIDONYD LSY3u8 Lld” _‘m
Ag pajueio agpQ | _5, ONYSEA - BUARD E L}

LOJBIOLL JBAIBAA _W . JLSSLOT pauCL) E... a|a ..

PN N S I I N e i B S S N P L B e L e I I T B S T I S s D B e e S I SO SE I O PP PSR P St
T e B U I P R P e s e P I b R e L N S i I e e A I B A B S e e F Lot S e S I Dt
P e P T T S e e e I N T S R R A I R R A

(Amaib13) WoQ Butusaidg

‘| Jo | abed |




s

e

Wwaweal) J0 Arg 1sET)

w & BUDp AxBUQ poRlg

i [ .7 8uop meig poojg . ajeq Waueall-aid

SAMEIQ pOOIE Biag 4OL

ajaq Aupueld LD

a1e] wexg Bulusaiosg

Ajioe

$8.nRBacid Buligaios

B . o . i kx4 e b aE N e e ke adlATe & e AT e e e e i N A T w a e gl AR Lt a a e s e T e e e g e aa a e e Eedd e _re
O i e et T &R D e e H e e s e e e A N S e T e B AT R 3O | alle ] B
T R L e P A 2 P e 2 I G PPt GG T B =t

INDOQ seinpadold m:_:¢w._0m




SLEU USIA

L F—

Amp Apmg

SO——— S O,

a1

panEsyas

uoiBELOIU ANRAYIS ISIA

R I e T N I R A S e e B I B P S R AR O S DR L R PR S X N S S L B s IR TSP IR Y vv.uw.
PN P o R S : N A S AR I B PR e e A i b e i e R B I X e R i R I | :
x»u;x.....‘;.gg..;xsu..u;;

EIE R S RPN )

DR RSP ML O R AP P P AR PRPR




WBLALO?

da dioisel]

dd qloIsAS

ainssaid poolg

apy Adopadsay

asgind

ainpaacug)
MBIBAA

MpsH

SMgIs aoUBuNIOLISd

w.
! 21E() WBX3

sublis RUA

32 e e alE s
Wlat W e N
B A A R A

. .
PP ata
. “

a
“

« i P N I I R I R I R B A T o A R I I I T I N L N N R e I I T I B DC T SR NI TR B N R R N o ST SRS B S L I SR Y 4

EEON T

INOA SIe)A



i
}
i

i

SIS asea|d 'feuiouds )

4w aa
§ 4 aa
PP

WSWIOD

SALNIMLXT,

2190704NAN,

S3AON HAWAT FNIMS

S1Sv3ug

o i
VI LINIEYSIATAd

NIWOQEY!

H
HYINOSTAOIAYTD.

:
AHOLYHIdS3

03N s QvaH:

Zleuiony

[P S B D B T G A L N I I T R I i R i R I R i R e B PE IR TR BRI S R R e e I SC L DI T IR 71 3 .uw..
L A e e e e L B N S GO A s S AT S L Jo ) alied B
R R S S P A S A S e S S Sy

auljaseq — NOQ wex3 |esisAyd




Juamme)
:
mmEEEme

JIQ0T0UM3N

NIXS

S3A0N HdWAT

S1Svaxg

VI LINSSYSIATEd

S

NIWOQBY

Mo SN

HYINOSYAOIQYYD

AHOLYHIdSTY,

TS T S~ S

HO3N/ Qv3H

‘uswwoo. asesld sulasen woJ pabusyo 3 iauijaseg ipeuion walsis Apog

awpqg mem

YSIA 158 B0UIS 20UaLNIAL AUy wiod alueysy

€4 4 4 £ 9 4 € 4 4 S E 2 d 6A A AR A & A A A4 S s e 4 i A ATA R & & 4 4 s WAMe 24 4 43 4. @ 44 4 2 @Ak & 4 K. % kA Ak K 34 & 4T S0a.d & KA g w b %k 4'aa x4 e i s 5 aa e a4 sy u 2z

S}ISIA Jaje] — NOQ wex3 [edisAyd




WoLoTy

| 4 }

4 £ 3 H
SO | [E— PUNRSN | 5 :

; ! ! H

H £ H
it J— P J— W :

|
é

By 1219 . amap U pawugs LIS Copes . © L 8pna ’ L wodwis .

-aspasip ~ omapBrip

UGN Iy o : : swolwAs auaseg

"} J0 | 1eaday ‘} Jo | afied 8
IWOQ swoldwAg aujjaseyg




oy

! yercifs . _ | DN peALag

w seofs wniaea

28mM

16 =]

EOTR—————. P ——

%6 N8N,

GRS 18I0 1 , auunEsId : 4o

Ls0Ud MY apLoJYd N

uluingry wrissejod sjaBEId
uigoid (8301 o wnpos : W aoH

BlCId JaAT ) Adgspusiyn ] Dan

::»k::;u::..:.:‘;::t:::...:»:._M:h.:>.....:.::hh:..:u::::.:;::u..::::;
R A e i G A e A a8 i PRSI A L euﬂ_‘ww@n_.
s a a a  a P t a B T PR SR SR

._.JD{H_MD9023>2 a8y

NDQ SqeT [ed1ulD

. oueg b moke] _ san peng V] wa 1 p




AL, LS s e

VIS Swo—

sABR A - asop’

SARIYy

'z 10 abag

SURRRII, AT—

;

sabuaya

=00

R——

i abueyo R wn

SR

~SUDRIGL # W

as0(Q

pauugd

apqg o 8.|g

BNy pauusld

Buisog Aeq

EICERU

R R D T I R I R T I B T T L R T N I R I I O T g LI T Y T

D I R R Rt e I A I L R R A LR R R O B B R RV P AP R L P A AP I D v L A AP D P

INDQ Jusuneas] uonelpey




:
Waunn)
W uoseay UDlBIAag
- ENVA UDIBIASQ [DI0J04d
£ -

as0p jsk| J0 ajeq

G 1< SABD 1l 'uoseay

asop 188) 01 184 WY sABq

m
m

SO 1

suooR4 Tk S asog Adpung

oL oL

ziogebed . _ o 2 ) plauss. L LogBIpEY |

.“«“..“.tp._..“e..‘.;‘.rk..z...‘5,,.;.&.avnx‘\bu._;;x..«.,._....‘LL;..uu._;>~.~..._-.‘ﬁb.‘;.\..‘k.kx“‘b.«A.‘.,uax»-‘uu.. -N.—‘Oﬂua@&q

D Ry R e A M ML B AP R APt i P R Rt iy PP )

2 9bed — NO(Q jJusuieal | :o:m_vm,m_




;e

“UaIas AYaIX0] 8] au Uf paisjua. a1 DS|B JsHil SABR 0F 1sed BUINUUOD SSIDIXO), hwomww

Gy } § § ; ! i

£
i

sisoxgld:

NN S—"

W , f
| C | |

H

i

uanoQ afid ssaud 10 98Bd (3l <«<<BA0 108jas - Z shbd Lo Spauiies Jajug

R

H oo ¢ :

TP, J—

VWEHLANT,

FiEANE AR , B o i) - ASR Yo no syl 1y dois [rhe=] apod

épday savs . esessp wis ~ xoy

uoungliy

Z:10 .w".m.mmu A R R ; i : T syoxo 1. UoHsIpE) anay

.n.m‘;-unﬁ-a-nbnnx~,anu»u‘.sm-;x>m»x»;‘..;x..n.nkx.,»u...n.s.;nn\nx,».t»n-&n\.»s«..mrnnuxA-z\;»nL;uA¢mQ~yst»nnn I3
A, e et e e @ N E ax @ e s L a3 e B e 886 48 & &84k 4 a4 e B e e e e e e a0 e e a8 e B R e g o Jeaday ‘2 Jo | abed




umoQg m,mua sgaiduo afind aN <<< SACW 13[2s - 7 abd uo mEmEEuu; Japg ‘ wmmacmw
“ | m m m sisougld
zezoos!
H H f m :
! | ; : ; NOILYHNd
| zezoos
\\m m H M W ¢ M
! | m W SYLOONYTAL]
| zzzoos
: : ! : ! ” ! NOILYWYNOS3A;
B 227008,
; ) 1 i { ; i ; 3
| | | ! ; ; W | | : qzmxt&mw

alaanE 2180 Yo By ASp yIo wey U no Jayp 1 doig - dxg apoo

pday $avs " aseasip ‘somap/Bnp u8s 5 Loxa)

LIOHNEA

zi0 yofied L B - , o S ApoIxo ] uoepEY B3]

R L e D A L D A e e R R R A I R R R A A N R R N R A N I I I

DA A3191x0 ] uoneipey sjeT M

P I N I I N I A R R L e s B L B e I B S e B T A Ny S R e e SR T LY ¥ o B ey




FCNT R Lal)

(A

U A d e 4Twd a4 e A4 e K36 s doah s & a4

I I I I Y R N R RN R R R R R R N R O S S AP EPRE S R P S B S L N B IR PR r]
. P A R LD e R P S R R R R e e S LS R R AP P R

PP R S e ST N PRI LI ILIN S
R T e e R R R A S e D R D R D R e R R R R A A I A A AR

PR A AP AP e A A N AT T N AP AR

LA A T e e s a4 ‘—.. .ﬁc P ﬁﬂmﬁ@m »,—. hn— F ﬁm@ﬁmﬂﬂk

doig 3po3

weig av

wwz_u_xE upis Iy ﬁouwu 'SIUBAT SsBARY

INDQ SJUSAT 9SIBAPY



WO

. k i :

1 . vt sactnen. i
i ‘ 4

i

UORE3IRU

<=3 5

wn

asoq

anoy

P T e A D P e e e T I T R i P e e e S B T R e R oo 3

LOREOIRaN tois usis

© suonmOpa Wepoaues

INOQ uoljedipa JuUBHWOIUOY




LIBWWaTy

) | | W NIHIXOWYL

w W W NAXONY L

T W m W m | NZIXOWvL
| NadxoWvL

NpaYIS . mm_un._ Py mEm auny . HEls auly fnig Aphnig
spoy spun asop joy “ON 1077 1a dag 0 vEs

uoBISIULPY Brid APMS

Lt e re e e a8 e FAle Wk au s e G 0 e a3 e p S S e e e ¢ e e e s s S L g, J07) yeadsy f) Jo | afied B

PR e e e D T A A N A A R R e R I I A I R R I I R B e A SR

INDQ@ uonessiuiwpy (bnig Apnig) usjixowe]




s

uswway

anuaunaay o} awn goUaLNaaN 1C aBQ : a0us4inaay

joadA)

¢ £80UB.N03) ALy

SIUBLINIBY J80UBy 15Eag

I I I R R R B T I T RN B s e N BT I R T T UL R Ly o I S I SR N IR NI e S B R D I BERE P CUCUR I DL 52 e DL DL eI S e P PO PRSI DE v S b Pt i 3 .@.

INOQ 22uUalinoday aseasiq




'L

k4

WBLLOD

&RRg-401 40} mﬁus.s..;m

£ a9UaunIay Ja) Figenaad

» ‘ , I (shep) awi dnmolod (eIl

Lasaasp yias paig

i

M SiBiap JAYUNY aGLIsSsg
w .

UIEop 40 ashes

WiEaQ jo 24Rg

B —

Buiaoyng sy} aje|dwod .:ﬁ...m_o 51 UOSES. §|

; uDsEay

A Apnis 4O

s po”

A ete 4 % a4 v & x 4 2844 @ a W a4 ad aie a4 é A e wed e dlis Ha e wd s

P I T T T R T T T T T I o T N N L R B T I e R e SRt o e e BT S B P L ]
PR AT R R R I T R e L S A B e R I DA E S I

i
3 . R R R =
e D e e e T T T A e e P e L N A B i L B R e e e e L B I v |

(Apn3S-40) INDQ dn-mojjod }seT]




1?

k)

juawweD

uswal ] jo feg 1387

|

IBWRaL -8

2]

sisAE uono

u‘AL.“.uu»~»»..;u».ﬁ»,»;huu.h»..»h;,.;h.;.»x..;uugxgn....»»\..;»ru.s;g;.»;g;;;LL‘.L._.w.n.xu.,.;c_sx..;.u;ux...._.a;-.u.uu
T e e e e e D T i e R N I U e I D IS S DR NI PR IR FL LI LN I P
P T A AL )

e P AP o T A T P i I A R e A R

31_g
oD

synsay Alopiage Blag 491

x

S0 pieadsy ‘L oL 8

1611318 b

INOQ geT ejed 491

B

fied i,










»










