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STUDY SCHEMA

A PHASE Il STUDY OF MRI-BASED PRE-OPERATIVE ACCELERATED
PARTIAL BREAST IRRADIATION
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See Section 6.0 for details of radiation therapy
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1.0 INTRODUCTION
1.1 Rationale for Pre-Operative Accelerated Partial Breast Irradiation

Each year, approximately 200,000 women are diagnosed with breast cancer, including more than
4,000 new cases in the state of Wisconsin. More than 40,000 women die of the disease each
year. With the consistent use and availability of screening by mammogram and additional imaging
techniques, the majority of these women are diagnosed with localized disease that is amenable
to successful treatment. For these women there are two main treatment options: (1) mastectomy,
removal of the breast, or (2) breast conserving therapy, consisting of lumpectomy and radiation
therapy. The goals of breast conservation are to eradicate the cancer from its site of origin while
maintaining a cosmetically acceptable breast. Several large prospective randomized trials have
shown equivalent overall survival and breast cancer specific survival when comparing
mastectomy and lumpectomy with radiation therapy (1-7).

Traditionally, women who undergo lumpectomy then receive radiation therapy to the entire breast
for three to six weeks. Unfortunately, this protracted treatment course has led some patients to opt
for mastectomy over breast conserving therapy. However, emerging data suggests that treatment
of the whole breast may not be necessary in select patient groups and that shorter, less costly
treatment regimens may be possible. When radiotherapy is omitted from breast conserving
therapy, most in-breast recurrences occur near the initial site of disease at the lumpectomy cauvity.
Accelerated partial breast irradiation (APBI) is a technique that delivers radiation to that volume of
breast tissue at the highest risk of recurrence. Because a smaller volume of tissue is treated, it is
possible to deliver a higher radiation dose with each treatment and the treatment course is reduced
to five days (8-10).

The largest reported series of APBI with the most mature follow-up have utilized brachytherapy as
the method of radiation delivery (54). This involves surgically implanting a device in the breast and
then placing a radioactive source inside that device for a period of time to deliver dose. The
invasive nature of brachytherapy, lack of wide-spread expertise in its use for breast cancer, as well
as improved imaging technology has led to the development of APBI using external beam
radiotherapy. While initial phase Il data has been promising (26), more recent data has raised
concerns regarding the toxicity profile of this technique (25,27,28). One prospective phase Ill study
comparing conventional whole breast irradiation with APBI using external beam radiotherapy
reported comparable rates of local control, but increased rates of breast fibrosis, breast pain, and
adverse cosmetic result for those receiving APBI (55). This has led many to question external
beam-based APBI as a viable treatment alternative to more conventional radiation treatment
schedules. Improving the side-effect profile of this treatment might lead to more patients selecting
breast conservation with external beam-based APBI as the radiation treatment method, Some
estimates have reported that more widespread use of APBI in appropriate patients could result in
more patients selecting breast conservation and savings in health care costs that exceed $7.5
million per 1000 patients treated.

The current standard practice of delivering radiation therapy post-operatively has had two major
drawbacks: (1) inaccurate targeting, and (2) inability to measure the radiation response in the
primary tumor. The target volume for post-operative APBI has been the tissue surrounding the
lumpectomy cavity. However, this cavity may not necessarily direct the radiation toward the highest
risk area of the breast around the tumor as tumors can be peripherally located in the resection
specimen (see Figure 1). This results in the need for a large margin of normal breast tissue (e.g.,
1.5 cm) to be treated. In order to take into account the area at risk for microscopic residual disease,
this volume must then be expanded. One must also account for patient motion during treatment,
as well as variation in patient positioning from day to day. This requires additional expansion of the
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target volume (13).
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The current clinical practice of breast conserving therapy, including APBI, has not taken advantage
of the significant advances in breast imaging to improve its geometric accuracy. In the current
study, we propose treating well-selected patients with APBI pre-operatively. Pre-operative RT
would target more precisely the area at risk for microscopic disease, and also result in less breast
tissue receiving RT (Figure 1C).

Other potential benefits to pre-operative radiation include improved rates of margin negative
resection and a reduced need for re-excision. Finally, with radiotherapy delivered prior to
surgery, the tissue receiving the highest dose of radiation will then be surgically removed. Pre-
operative radiation has been used in other tumor sites such as sarcoma, rectal, pancreatic, and
lung cancers and has been shown to improve the rates of margin negative resections (16-22). In
some of these disease sites, this has decreased late morbidity compared to post-operative
treatment (16,18). We anticipate similar results in this population of early stage breast cancer as
the portion of the breast receiving the highest dose of radiation will be removed surgically. It is
anticipated that this factor will lead to additional reductions in breast fibrosis and improved
cosmetic outcomes.

Pre-operative treatment also allows for assessment of tumor response to radiotherapy in vivo,
something that has not been studied to any extent as most breast radiotherapy is delivered in
the post-operative setting. Response to pre-operative chemotherapy has been shown to be
predictive of patient outcome, and it is possible that tumor response to radiation may offer similar
prognostic information.

1.2 Rationale for MRI-based Pre-operative Accelerated Partial Breast Irradiation and other
Advanced Imaging Techniques
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Traditionally, most external-beam based APBI has been
delivered using CT-based treatment planning. However, on
traditional CT imaging, the precise size and shape of the
surgical cavity can be difficult to delineate. This is
exacerbated by the fact that at times, normal breast tissue
can have an appearance similar to post-surgical changes.

The use of MRI will ensure the tumor can be well visualized
and targeted with the radiation, resulting in smaller volume
of breast tissue to be treated (14-15). It has been well-
documented that MRI has a higher sensitivity than
mammography in detecting and characterizing breast
cancer (56,57). In particular, breast MRI is an excellent tool
for determining gross tumor extent and for detecting small
tumor in dense breasts (14,15). Furthermore, MRI can
provide functional and biological information, further
improving target definition and opening doors for novel

Fig. 2: Post-lumpectomy prone biologically conformal RT strategies. MRI has high
CT images (top). The brown sensitivity for detecting cancer and for assessing the extent
contour demonstrates the of disease in the breast prior to surgery. Therefore,
lumpectomy cavity. MRI (STIR) radiation should be more ideally targeted based on MRI-
image registered with the CT defined pre-operative disease location versus surgical
(bottom) shows the lumpectomy cavity location. In CT-based treatment planning, the target
cavity contour (magenta) volume typically includes the seroma cavity and any clips left
demonstrating that the volume is by the breast surgeon. When used for radiation delivery,

MRI in the post-operative setting reduces the volume of
normal breast tissue that is treated compared to CT-based
treatment alone (35, also see Figure 2). In pre-clinical
studies, MRI-based planning in the pre-operative setting
has also been shown to decrease the volume of targeted
breast tissue (29,30). This is significant, as series of APBI
from FH/MCW and other institutions demonstrate that late
toxicity of treatment and adverse cosmetic outcome are correlated with increasing volume of
normal breast tissue that is irradiated (24). Consequently, reducing the volume of irradiated
breast tissue by utilizing MRI identification of disease, as well as treatment in the pre-operative
setting, would be expected to result in improved cosmetic outcomes and reduced late toxicity.

smaller than the same target
defined on CT (brown contour).
As shown, treatment of the CT-
based volumes would treat a
larger volume of breast tissue

than ie naraccarv

In traditional CT-based imaging, the contrast observed between structures is based on variations
in density. Because soft tissue structures have similar densities, it can be difficult to precisely
define borders of a given structure. However, subtle differences in tissue density can be better
observed when the images are produced using photons with a lower energy spectrum. The result
is better spatial resolution of images, and the technique is known as Dual-Energy CT. Even when
MRI is used for radiation treatment planning, it is still necessary to obtain a CT simulation so that
the radiation beam can be appropriately modeled. In order to optimize target definition for pre-
operative APBI, patients enrolled on this protocol will have a Dual Energy CT performed as part
of their treatment planning scans.

1.3 Use of Additional Advanced Radiation Delivery Techniques

Previous studies have demonstrated that prone APBI in the post-operative setting utilizing daily
CT-image guided radiation therapy allows for reduction in the target volume, due to the decrease
in daily positioning uncertainty provided by the daily CT image guidance (24). CT-guided adaptive
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treatment delivery will be used to account for changes during the course of treatment (61).
Patients treated on this protocol will preferentially be treated in the prone position if the size of the
breast allows. One of the inherent challenges in using MRI for breast cancer therapy has been
extrapolating MRI findings attained in the prone position to the surgery and/or RT typically carried
out in the supine position. We have previously developed both whole breast irradiation and ABPI
in the prone position and have reported that the target coverage, normal-tissue sparing, and
clinical outcomes with prone treatment are comparable to those treated supine (24,64). In
addition, it has been shown by us and others (24, 62-64) that the prone set up can (1) increase
dose homogeneity in the breast for large, pendulous, breasts, (2) reduce respiratory motion, and
(3) improve sparing of lung and heart. Combining the accuracy of MRI in assessing the extent of
tumor, the precision of daily CT-guided targeting, and treatment in the prone position, will allow
the proposed pre-operative APBI to deliver effective dose to the gross tumor while minimizing the
irradiation of healthy tissues.

1.4 Changes in Tumor Gene Expression As a Result of Radiotherapy

Progress in elucidating the molecular basis of breast cancer, including the delineation of
‘molecular subtypes,’ has allowed for such treatment breakthroughs as anti-estrogen and Her2
targeted therapies. Molecular biology is also shaping the current approach to both surgical (90)
and systemic therapy (91). The use of molecular information has become commonplace in
directing systemic therapy decisions in breast cancer using gene expression profile scores (78),
such as OncotypeDX (79), marking a significant advancement in medical oncology. Unfortunately,
no similar use of molecular information has been utilized to better direct the use of radiation
therapy for invasive breast cancer. Rather, improvements in RT have been chiefly technological,
with more accurate targeting and delivery (74). Recent progress has been made with the
development of a gene expression model of tumor radiosensitivity based upon in vitro data, and
though it has not been fully validated, this approach has proved useful in evaluating outcomes in
retrospective datasets, including two breast cancer studies (75-77). While significant, this
approach is still limited in that it does not account for tumor behavior in vivo and has been limited
to retrospective analysis of post-operative radiation. Recent data from a Phase | pre-operative
single-fraction APBI study showed expression of genes regulating immunity and cell death were
seen in response to radiation (94). We hypothesize that altered gene expression patterns will be
seen in patients who have enhanced radiation responses.

1.5 Imaging Changes after Radiation Therapy

MRI has been an important tool for measuring the extent of disease prior to pre-operative
chemotherapy and the amount of response afterwards. In contrast, information on MRI changes
associated with radiation therapy for breast cancer is lacking. Diffusion-weighted MRI holds
promise for use as a cancer treatment response biomarker as it is sensitive to macromolecular
and microstructural changes occurring at the cellular level that can be detected earlier than
anatomic changes. These imaging changes have been studied as predictors of response to
radiation in other disease sites and as a response to pre-operative chemotherapy in breast
cancer, studies on radiation-induced changes for breast cancer is lacking. (97) A phase | study
of high dose single fraction APBI demonstrated evidence of dose-dependent changes in vascular
permeability in response to radiation (94). Studying the MRI changes that occur after radiation
treatment will lay the important groundwork for future studies in which MRI can be used to tailor
pre-operative radiation dose delivery based on response and predict for patients whose disease
has responded well to treatment. Patients enrolled on this study will be required to undergo
diagnostic MRI prior to enroliment. A second diagnostic scan will be performed at least four
weeks after radiation so comparisons can be made to pre-treatment scans. Specifically, changes
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in diffusion weighted imaging and dynamic-contrast enhancement will be studied and correlated
with pathologic response and local control.

1.6 Post-Operative Complications and Study Endpoints

One potential disadvantage of pre-operative radiation therapy is the possibility of an increased
rate of post-operative complications. With the use of pre-operative radiation, a small, but
acceptable increase in post-operative complications was observed in phase Il studies
comparing pre- versus post-op radiation in patients with rectal cancer and soft-tissue sarcoma
(16, 18). Consequently, the aim of this phase Il study will be to demonstrate safety of pre-
operative APBI and the primary endpoint will be a comparison of post-operative complications
with historical controls. The complications that will be tracked will include infection, wound
dehiscence, hematoma, symptomatic seroma requiring intervention, and need for hospitalization
or a second breast surgery (excluding those done for inadequate surgical margins).

In this study, it is anticipated that the most common post-operative complications will be infection
and formation of a symptomatic seroma. This is based on a Phase | study from Horton et.al. that
used a single large fraction of radiation therapy prior to breast conserving surgery. In that trial,
the most common post-operative complications were infection (6%) and seroma formation.
(32%) (94). Often times, these two complications can be seen in the same patient. While the
Horton study did not report on individual patients who may have had both a seroma and infection,
the number reported for seroma (32%) will be used as the historical control on this study.

Historically, rates of post-operative infections for breast conserving surgery in the absence of
pre-operative radiation therapy have ranged from 1-5%. Post-operative seroma formation is
somewhat more difficult to quantify because these are often asymptomatic. In a series by
Boostrom et.al. including 167 patients treated with breast conserving surgery, the rate of clinically
significant seroma formation (i.e. requiring drainage or some other intervention) was 6% (102).
Hence, we anticipate that the rates of post-operative complications will exceed those rates, but
with the long-term benefits described in previous sections of this introduction.

We anticipate that the rate of post-operative complications on this study will be more favorable
than those reported by Horton et.al. On this study, the radiation dose and fractionation schedule
will be much different than that used by Horton et.al. This regimen has been shown to be safe
and effective in a recent phase Il study in the post-operative setting. (95). Fractionating the dose
allows normal tissues time to repair sublethal radiation injury. This would likely result in a lower
rate of post-operative complications.

On the other hand, there are factors on this trial that may result in a higher rate of post-operative
complications than anticipated. On this study, the interval between radiation and surgery is
longer on this study than that reported on the Horton study (surgery within 10 days of radiation
versus at least 35 days after radiation). This longer interval was selected based on recent data
in the literature for pre-operative treatment for rectal cancer. In this disease site, waiting longer
for surgery allows for improved tumor regression, improving the rate of margin negative
resection, and allowing for a smaller resection. In the case of rectal cancer, this translates to
sphincter preservation but may translate to an improved cosmetic result in the case of breast
conserving surgery. These benefits have also translated to an improvement in disease-free
survival for patients with rectal cancer (101). However, the longer interval from radiation to
surgery may also lead to a slight, but tolerable increase in post-operative complications. It is
anticipated that the reasons for a lower post-operative complication rate will dominate on this
study. But given the potential for a higher rate than expected, the rate of the most common
complication reported on the Horton study will be used as the historical control.
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1.7 Conclusions

Pre-operative APBI utilizing MRI-based treatment planning could improve the toxicity profile of
breast conservation therapy while maintaining excellent rates of local control and low rates of
post-operative complications. This strategy also has the potential to increase the proportion of
women who are eligible for APBI and to allow determinants of radiation responses in breast
cancer to be elucidated. If this study meets the endpoints outlined with respect to safety, it could
serve as the blueprint for future studies utilizing pre-operative MRI-based APBI. The
translational component of this study will serve as a baseline to guide future studies in pre-
operative radiation therapy. It will form a basis for testing biologic agents and
immunomodulators that could potentiate the effects of radiation and further improve pathologic
response rates. The imaging correlates of this study will also aid in the development of future
treatment protocols. By better understanding the imaging changes after radiotherapy, it will be
possible to design radiation treatment regimens that are based on tumor response during a
treatment course, a type of treatment delivery possible using MRI-based radiation delivery. With
FH/MCW having recently been selected as one of 7 sites in the world to obtain an MR-Linear
Accelerator, this proposal will lay the groundwork to optimize the clinical application of this
technology and will further position the institution as a leader in the provision of such treatment.

2.0 OBJECTIVES
2.1 Primary

Determine post-operative complication rates following pre-operative APBI in patients with early
stage breast cancer and compare these with historical controls, thus demonstrating the safety of
this treatment modality.

2.2 Secondary

2.2.1 Measure rates of breast fibrosis and pain for patients treated with APBI and
compare with historical controls of patients treated with post-operative APBI.

2.2.2  Collect data on cosmetic outcomes for patients treated with pre-operative APBI

2.2.4 Measure rates of need for re-excision because of a close or positive margin after
pre-operative APBI.

2.2.5 Record long term outcomes of local recurrence rates and overall survival of
patients treated with this modality.

2.2.6 Demonstrate the feasibility of MRI-based treatment planning for pre-operative
APBI and compare dosimetric data from treatment planning with patients treated on a
previous institutional post-op APBI protocol.

2.2.7 Study changes in MRI imaging from pre-treatment evaluation, treatment planning,
and pre-surgical imaging and correlate those changes to pathological response.

2.2.8 Measure changes in tumor gene expression and immune response to radiation
therapy and correlate this with pathologic response.
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3.0 PATIENT SELECTION
3.1 Conditions for Patient Eligibility

3.1.1 Pathologically proven diagnosis of invasive breast cancer, clinically stage I-Il,
planning for breast conserving surgery

3.1.2 The patient must be female
3.1.3 The patient must meet the following criteria

Age 240 years

Tumor size no greater than 3.0cm by ultrasound

Estrogen receptor positive

Patients with both her2 positive and her2 negative tumors are eligible

Modified Bloom-Richardson Grade 1-3 is allowed

Unifocal disease

Invasive carcinoma diagnosed by core needle biopsy (including invasive

ductal, papillary, tubular, mammary or medullary carcinoma) within 90 days

prior to enrollment

¢ Clinically node negative both by physical exam and by ultrasound or MRI.
All enlarged or abnormal appearing lymph nodes must be biopsied.

e Zubrod/ECOG performance status 0-2 or Karnofsky 70-100

3.1.4 Study entry must be within 90 days from initial diagnosis of breast cancer

3.1.5 Appropriate stage and pre-treatment evaluation for protocol entry, including no
clinical evidence for distant metastases, based upon the following minimum diagnostic
workup:

e History/Physical examination, including breast exam (inspection and
palpation of the breasts) with documentation of weight and Zubrod/ECOG
Performance Status of 0-2 or Karnofsky Performance Status 70-100 within
60 days prior to study entry

e Complete Metabolic Panel within 60 days prior to study entry

e Right and left mammography within 60 days of diagnostic biopsy
establishing diagnosis. A breast MRI may also substitute for the
mammogram if necessary.

o Evaluation of the axilla by ultrasound or MRI and biopsy of all enlarged or
abnormal appearing lymph nodes within 42 days prior to study entry

e Clip placed within the biopsy proven breast cancer, with verification of
placement by mammogram 60 days prior to study entry

3.1.6 Patients must have had estrogen and progesterone receptor analysis performed
on the biopsy specimen prior to study entry according to current ASCO/CAP Guideline
Recommendations for hormone receptor testing. Testing for her2 neu expression must
also be performed and recorded prior to study entry.

3.1.7 CBC/differential obtained within 60 days prior to study entry, with adequate bone
marrow function defined as follows:

¢ Absolute neutrophil count >1,800 cells/mm?
e Platelets = 75,000 cells/mm?
e Hemoglobin 28.0g/dl.

3.1.8 Women of childbearing potential must be non-pregnant and non-lactating and
willing to use medically acceptable forms of contraception during radiation therapy

3.1.9 Patient must provide study specific informed consent prior to study entry
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3.2

3.1.10 Prior breast augmentation, including breast implants, is allowed

3.1.11 Patients with a prior history of contralateral breast cancer will be considered
eligible if they completed all treatment (including anti-endocrine therapy) more than 2
years prior to registration

3.1.12 Patients must not have a prior treatment of malignancy diagnosed or treated within
the past two years, with the exception of non-melanomatous skin cancer, carcinoma in
situ of the cervix and contralateral breast cancer as described in 3.1.11.

3.1.13 Interested patients must meet with a medical oncologist prior to study entry to
determine if a genomic profiling tests (such as Oncotype or Mammaprint) is
recommended. If recommended and patient is amenable to the possibility of receiving
chemotherapy, there must be adequate biopsy tissue for testing. If adequate tissue is not
available for the testing, patients who are very interested in participation may undergo
additional biopsies. If a patient plans to refuse chemotherapy regardless of a high profiling
results and elects to forgo the test, they will still be eligible for enroliment.

Conditions for Patient Ineligibility
3.2.1  AJCC clinical T3, N1-3, M1, stage IIB, stage Il or stage IV breast cancer

3.2.2 Prior invasive non-breast malignancy (exceptions include non-melanomatous skin
cancer, carcinoma in situ of the cervix, or prior contralateral breast cancer as described in
3.1.11) unless disease free and off treatment for a minimum of 5 years prior to study entry.

3.2.3 Multifocal breast cancer

3.2.4 Estrogen receptor negative disease
3.2.5 Lymphovascular space invasion noted on biopsy
3.2.6 Invasive lobular carcinoma

3.2.7 Purely non-invasive breast cancer (i.e. ductal carcinoma in situ (DCIS), lobular
carcinoma in situ). Note: DCIS is often associated with invasive ductal carcinoma.
Associated DCIS does NOT preclude eligibility as long as there is invasive carcinoma on
the biopsy specimen.

3.2.8 Non-epithelial breast malignancies such as sarcoma or lymphoma
3.2.9 Paget’s disease of the nipple
3.2.10 Male breast cancer

3.2.11 Prior history of radiation therapy to the chest in the region of the ipsilateral breast
that would result in overlap of radiation fields.

3.2.12 Patients having received or having planned neoadjuvant chemotherapy or
concurrent chemotherapy. A recommendation for adjuvant chemotherapy will not preclude
eligibility. However, if a patient has an Oncotype score that would lead to a
recommendation for systemic chemotherapy (see section 3.1.13), and chemotherapy is
planned to be given in the neoadjuvant setting, the patient would then be ineligible for
enrollment.

3.2.13 Patients who are unable to undergo MRI. This could include patients with a severe
allergy to gadolinium contrast or patients with renal function insufficient to receive contrast
(GFR less than 30). Patients who have a minor allergy (for example, skin rash or hives) to
gadolinium contrast may still be considered for enroliment. These patients would have to
receive prophylactic prednisone and diphenhydramine per MCW department of radiology
protocol. Such cases should be reviewed with the principal investigator and radiology co-
chair prior to enroliment.
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3.2.14 History of connective tissue disorder, including lupus, dermatomyositis and
scleroderma

3.2.15 Known BRCA mutation
3.2.16 Severe, active co-morbidity, defined as follows:

¢ Unstable angina and/or congestive heart failure requiring hospitalization
within the last 6 months

e Transmural myocardial infarction within the last 6 months

¢ Acute bacterial or fungal infection requiring intravenous antibiotics at the
time of registration;

e Chronic Obstructive Pulmonary Disease exacerbation or other respiratory
illness requiring hospitalization or precluding study therapy within 30 days
before registration;

o Hepatic insufficiency resulting in clinical jaundice and/or coagulation
defects; note, however, that laboratory tests for liver function and
coagulation parameters are not required for entry into this protocol

e Acquired Immune Deficiency Syndrome (AIDS) based upon current CDC
definition; note, however, that HIV testing is not required for entry into this
protocol. The need to exclude patients with AIDS from this protocol is
necessary because the treatments involved in this protocol may be
significantly immunosuppressive

3.2.17 Medical, psychiatric or other condition that would prevent the patient from receiving
the protocol therapy or providing informed consent

3.2.18 Patients, who under the best estimates of the treating radiation oncologist, have a
life expectancy of 10 years or less

3.2.19 Patients who are pregnant

4.0 Pre- and Post-Treatment Evaluation and Management
Note: This section lists baseline evaluations needed before the initiation of protocol
treatment that do not affect eligibility. For specific studies that affect eligibility, please
see section 3.0.

4.1 Required Pre-Treatment Evaluations/Management

411

41.2

Patients must complete forms and have photos taken for cosmetic evaluation on
the study

Bone scan or any other staging work-up for patients when warranted based on
symptoms or at the discretion of the treating physicians should be completed prior
to enrollment. Similarly, work up of abnormal labs or physical exam findings should
all be completed prior to enroliment.

4.2 Required Post-Treatment Evaluations/Management

4.2.1

422

423

424

Patients will be seen one month after radiation treatment and evaluated for acute
side effects of treatment. Breast exam from this visit will be documented.

A post-radiation MRI scan will be obtained no sooner than 28 days after completion
of radiation therapy. This scan must be obtained prior to surgery.

Advanced MRI imaging sequences performed for simulation will be obtained on
the post-treatment scan. These are described in more detail in section 6.1.9 below.
Tumor response will be assessed using the RECIST and mRECIST criteria (64).
Also, changes in the MRI sequences detailed in section 6.1.9 will also be
assessed. The baseline measurements for this analysis will be taken from the MR
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4.2.5

sim and not from any diagnostic MRI the patient may have had prior to radiation
planning.

Blood draw for future studies of immune markers (see section 9.1.3). These will be
done prior to radiation treatment, at the end of radiation (+/- 1 treatment) and then
one month after radiation treatment but prior to surgery.

5.0 Registration Procedures

5.1 Registration and Monitoring of Patients

5.1.1

51.2

5.1.3

514

5.1.5

Patients will be screened for eligibility and registered by a Clinical Research
Associate/Clinical Research Coordinator (CRC/CRA) in the Clinical Trials Office of
the Froedtert and Medical College of Wisconsin Cancer Center.

Patients will be registered in the institutional OnCore web-based system under the
CRA console.

Registration of patients with consenting, eligibility review, on-study status,
treatment status, and follow-up will monitored using the OnCore calendar system.
Serious adverse events (SAEs) and protocol deviations will be reported through
the OnCore reporting system.

Questions regarding OnCore systems and data reporting should be reported to
OnCore data management.

5.2 Questions Regarding Patient Eligibility

5.2.1

Questions regarding patient eligibility and registration procedures should be
directed to the principal investigator, Adam Currey, M.D. (acurrey@mcw.edu,
pager (414) 557-2221, office (414) 805-4462).

5.3 Subject Withdrawal

5.3.1

5.3.2

5.3.3

5.34

5.3.5

Given the short nature of the treatment regimen (radiation is given over 1.5-2
weeks), and very low rates of toxicity during radiation treatment, it is unlikely that
patients will withdraw from the study once radiation treatment has begun.
However, subjects have the right to withdraw from the study at any time.
Subjects may be withdrawn from the study if a subjects status declines and in the
opinion of the treating physicians it is in the subject’s best interest to be withdrawn.
Subjects may also be withdrawn if there is a violation of the protocol inclusion and
exclusion criteria as deemed relevant by the treating physician and the principal
investigator.

It is anticipated that the most likely reason for a subject withdrawal will be for those
not suitable for APBI based on radiation treatment planning (see Section 6.4 and
6.4.2 below for further details). As these patients would be withdrawn prior to
delivery of study related treatment, they will then be replaced on the study and not
counted toward the total accrual goal of 40 patients. Similarly, patients withdrawing
for any other reason prior to delivery of treatment will be replaced on the study and
not counted toward the total accrual goal.

In the rare case that a patient withdraws from the protocol after the initiation of
treatment, only data collected up until the date of withdrawal will be used in
analysis. If the withdrawal occurs during radiation therapy, data will only be
included in analysis of the primary study endpoint if a post-operative complication
occurs.

Patients who withdraw from the study should be treated in accordance with normal
standards of care. Follow-up will be per the discretion of the patient’s treating
physicians, but at a minimum be in accordance with NCCN guidelines.
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Management of disease recurrence or any unforeseen late morbidity of treatment
will be managed by the treating physicians.

6.0 Radiation Therapy

6.1 Localization, Simulation and Immobilization

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.1.6

6.1.7

Treatment in the prone position is preferred. Treatment in the supine position will

be allowed if the patient cannot tolerate that position, or the breast size is not

suitable for prone RT as determined by the treating radiation oncologist.

Patients should be optimally positioned with alpha cradle casts and breast boards.

Note that all immobilization devices must be MRI compatible

Methods to minimize cardiac exposure and target volume motion such as gating

and deep-inspiration breath hold are allowed

A treatment planning CT scan in the treatment position will be required to define

target volumes and for beam modeling. Dual-Energy CT will also be performed to

enhance target delineation.

6.1.4.1 Radio-opaque markers may be placed on external landmarks at the
acquisition of the CT scan to facilitate contouring segmentation of the CT
data-set.

6.1.4.2 The CT should extend cephalad to the mandible and extend sufficiently
caudally to encompass the entirety of the breast tissue and the lung
volume.

6.1.4.3 A CT scan image thickness of 5mm or less should be used

External skin localization marks which may include permanent tattoos are

recommended for daily localization and set-up accuracy.

MRI simulation will also be performed in the treatment position and same

immobilization device created during the CT simulation.

MRI simulation will be performed on the 3.0T large bore MRI unit (MAGNETOM

Verio, Siemens) with gadolinium contrast per Froedtert Hospital guidelines and

guidelines in the department of radiation oncology.

Patients will be scanned with commercially available and custom built RF

transmitter/receiver coils.

In addition to the standard imaging MR sequences, additional advanced imaging

sequences will be obtained:

6.1.9.1 Diffusion Weighted Imaging (DWI) and Apparent Diffusion Coefficient
(ADC) Map. A DWI sequence of about four minutes duration will be
acquired. Sequences will be acquired during free-breathing. For patients
scanned in the prone position, these scans will not be gated (it is
anticipated that this will be the majority of patients). For patients scanned
in the supine positon, free breathing will again be used, but the images will
be gated. B-values of 0-10000 in 6-25 directions will be used in these
scans. B-values of 50, 400 and 800 will be used to derive the ADC map.

6.1.9.2 Perfusion Weighted Imaging (PWI) Dynamic Contrast-Enhanced (DCE) will be
used for perfusion imaging. A spoiled gradient echo sequence will be executed in
repetition for about eight minutes while a contrast agent is administered
intravenously to the patient. An FDA approved adult dose (0.05 mmol/kg) of MRI
gadolinium contrast agent will be used. This contrast agent injection will be used
to define the macroscopic boundaries of the tumor for T1-weighted post-contrast
images, which are the standard of care. The acquisition of PWI scans will not
necessitate any additional amount of contrast agent injection to the patient,
because both the standard T1-weighted post-contrastimages and the PWI images
will be acquired with the same amount of contrast injection. In case the patient will
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not be administered contrast agent for the T1-weighted images, as part of the
standard simulation, then PWI scans will not be performed for that patient.

6.2 Treatment Planning — Target Volumes and Organs at Risk

6.2.1

6.2.2

6.2.3

6.2.4

The definitions for the CTV, PTV and normal structures used in this protocol

generally conform to the RTOG-endorsed consensus guidelines for delineation of

target and normal structures for breast cancer.

(http://Iwww.rtog.org/CoreLab/ContouringAtlases/BreastCancerAtlas.aspx)

The target volume will be defined by fusing image data sets in the planning system

from both CT and MRI scans obtained in the treatment position. Fusion will be

performed with preference given to breast alignment.

Target Volumes

6.2.3.1 Gross Tumor Volume (GTV) will be defined as all gross tumor extent as
seen on the MRI scan.

6.2.3.2 Clinical Target Volume 1 (CTV1) will be defined as a 0.5cm expansion
around the GTV, limited to 5mm within the skin surface and to normal
barriers to tumor spread such as the muscle and bone of the chest wall.
This volume is designed to correspond to the tissue that would be removed
during a typical lumpectomy.

6.2.3.3 Clinical Target Volume 2 (CTV2) will be defined as a 1.0cm expansion
around CTV1, again limited to 5mm within the skin surface and to normal
barriers to tumor spread such as the muscle and bone of the chest wall.
This volume is similar to the lumpectomy to CTV expansion used in most
post-operative APBI protocols. This total expansion of 1.5cm
(CTV1+CTV2) also correlates with data linking MRI delineation of tumor
volume with pathological extent of disease (103).

6.2.3.4 Planning Target Volume (PTV) will be an expansion to account for daily
set-up uncertainty and motion occurring during treatment. If daily
kilovoltage CT imaging is used for image guidance treatment delivery, a
PTV expansion of 0.3 cm will be used. A PTV of 0.5 cm will be used if daily
megavoltage CT imaging is used. The PTV should not be limited inside
the skin or at the chest wall. This volume will be used for aperture
generation, but not for analysis of the dose volume histogram.

6.2.3.5 Planning Target Volume Eval (PTV_Eval) will be based on the PTV, but
limited to 0.5cm within the skin. It may extend in to the muscle of the
chestwall, but should not extend deep/posteriorly to the anterior surface of
the ribs.

Normal Structures

6.2.4.1 Breast volume — Includes the apparent glandular breast tissue as defined
on CT and MRI. Consensus anatomical borders as defined in the RTOG
atlas should be used. The breast is limited anteriorly within 0.5cm from the
skin and posteriorly to the anterior surface of the pectoralis and serratous
anterior muscles and should exclude the chest wall.

6.2.4.2 Contralateral Breast — Includes the apparent glandular breast tissue as
defined on CT and MRI. Given the fusion alignment based on the ipsilateral
breast, MRI data may be less useful in defining this volume. Otherwise, the
contralateral breast will be defined similarly to the ipsilateral breast as
described above.

6.2.4.3 Ipsilateral Lung — may be contoured with auto-segmentation with manual
verification
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6.2.4.4 Contralateral Lung — may be contoured with auto-segmentation with
manual verification

6.2.4.5 Heart — This is to be contoured in all cases, not just left sided cases. The
heart should be contoured beginning just inferior to the level in which the
pulmonary trunk branches into the left and right pulmonary arteries (PA).
Above the PA, none of the heart’s 4 chambers are present and no contours
should appear above that level. The heart should be contoured inferiorly
on every slice inferior to that until its inferior extent near the diaphragm. It
is not necessary to include pericardial fat in the heart contour.

6.2.4.6 Thyroid — all lobes of the thyroid should be contoured

6.3 Treatment Planning — Plan Generation

6.3.1 3D conformal radiation therapy (3DCRT) or intensity modulated radiation therapy
(IMRT) will be allowed. If 3D planning is used, dose will be delivered through at
least 3 beams.

6.3.2 The PTV (not PTV_Eval) will be used for aperture generation

6.3.3 The dose prescription will be consistent with recently reported phase Il study of
APBI delivered in the post-operative setting. Patients will receive 30Gy in 5
fractions of 6Gy, given on non-consecutive days (95). Total treatment duration
should be no longer than 18 days.

6.3.4 Skin bolus is not allowed

6.4 Treatment Planning — Dose Constraints
6.41 PTV
6.4.1.1 Ideal — 95% of the PTV will be covered by the prescription dose of 30Gy
Acceptable Variation — 95% of the PTV will be covered by 95% of the
prescription dose
6.4.2 Breast Volume
6.4.2.1 Ideal — Less than 25% of the total breast volume should receive the
prescription dose of 30Gy
Acceptable Variation — Less than 35% of the total breast volume should
receive the prescription dose of 30Gy
6.4.2.2 Ideal — Less than 45% of the total breast volume should receive 50% of the
prescription dose (15Gy)
Acceptable Variation — Less than 50% of the total breast volume should
receive 50% of the prescription dose (15Gy)

Note: Failure to meet the above constraints may constitute a patient who is not a
candidate for APBI. If both these constraints are not met, the patient should be
taken off study and treated per standard of care.

6.4.2.3 Ideal — Max dose within the breast should be less than 108% of the
prescription dose (32.4Gy)
Acceptable Variation — Max dose within the breast should be less than
110% of the prescription dose (33Gy)

6.4.3 Contralateral Breast
6.4.3.1 Ideal — Less than 5% of the contralateral breast should receive 5% of the
prescription dose (1.5Gy).
Acceptable Variation — Less than 5% of contralateral breast should receive
8% of the prescription dose (2.4Gy).

6.4.4 |Ipsilateral Lung
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6.4.5

6.4.6

6.4.4.1 Ideal — Less than 10% of the ipsilateral lung should receive 30% of the
prescription dose (9Gy).
Acceptable Variation — Less than 15% of the ipsilateral lung should receive
30% of the prescription dose (9Gy).

6.4.4.2 |deal — Less than 30% of the ipsilateral lung should receive 10% of the
prescription dose (3Gy).
Acceptable Variation — Less than 35% of the ipsilateral lung should receive
10% of the prescription dose (3Gy).

Contralateral Lung

6.4.5.1 Ideal — Less than 10% of the contralateral lung should receive 10% of the
prescription dose (3Gy).
Acceptable Variation — Less than 15% of the contralateral lung should
receive 10% of the prescription dose (3Gy).

Heart

6.4.6.1 For Left Sided Cases: Ideal — Less than 10% of heart should receive 5% of
the prescription dose (1.5Gy).
Acceptable Variation — Less than 10% of the heart should receive 8% of
the prescription dose (2.4Gy).
Ideal — Mean heart dose should not exceed 200cGy
Acceptable Variation — Mean heart dose should not exceed 320cGy

6.4.6.2 For Right Sided Cases: Ideal — Less than 5% of heart should receive 5%
of the prescription dose (1.5Gy).
Acceptable Variation — Less than 5% of the heart should receive 8% of the
prescription dose (2.4Gy).
Ideal — Mean heart dose should not exceed 200cGy
Acceptable Variation — Mean heart dose should not exceed 320cGy

6.5 Radiation Treatment Delivery

6.5.1

6.5.2

6.5.3

6.5.4

6.5.5

6.5.6

Treatment should generally begin within 60 days of enroliment. At least one day
will elapse between each fraction so that treatments are not delivered on
consecutive days.

A pair of orthogonal portal images will be obtained at time of the second simulation
and will be reviewed by a radiation oncologist prior to the first treatment.

Daily CT or MRI-based image guided radiotherapy will be used for table shifts and
field placement at the time of second simulation and with each treatment fraction.
Alignment to the biopsy clip, breast position, and tumor if visible on CT/MRI will be
used.

On-line adaptive replanning will be allowed for patients treated with daily
kilovoltage-CT or MRI based image guided radiotherapy.

Treatment should ideally be given over no more than 14 elapsed days, but up to
18 days will be allowed. Extenuating circumstances (e.g. patient unable to come
for treatment, prolonged down-time on treatment machine) resulting in treatment
interruption will be clearly documented.

Patients will be seen once during the treatment course for weekly review as per
standard protocols in the radiation oncology department. Ideally, one of those visits
should occur on the last day of treatment. Breast exam during that visit and
documentation of skin reactions will be documented.
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7.0 Systemic Therapy

7.1 Chemotherapy

Chemotherapy may be given and chemotherapeutic agents used are at the discretion of the
patient’s medical oncologist. The use of chemotherapeutic agents before or during radiation
therapy is not allowed and is permitted only as an adjuvant to surgery as is the current standard
for patients treated with post-operative APBI.

For the patient population for this study, resected tumor specimens often are tested with a
commercially available quantitative reverse transcriptase polymerase chain reaction (RT-PCR)
analysis of 21 individual genes. The results of this assay are then used to develop a recurrence
score to guide decisions regarding systemic chemotherapy (OncotypeDx). Because this test is
usually performed on the final surgical specimen, there is concern that any tumor regression
occurring as a result of pre-operative radiation therapy might lead to a loss of important
information that can guide treatment decisions. However, if there is adequate tumor present in
the core biopsy used to diagnose breast cancer, the 21-gene assay may be performed on the
biopsy specimen instead of the final surgical specimen. Furthermore, data presented at the San
Antonio Breast Cancer Symposium in 2011 demonstrated 92% concordance between Oncotype
performed on core biopsies and surgical specimens (93). This level of concordance is comparable
to that of negative sentinel lymph node biopsy predicting no axillary lymph node involvement. In
a recent analysis of the 548 reportable Oncotype DX tests performed at Froedtert Hospital from
2010-mid 2015, only 9% had a high recurrence score (Data from Oncotype reporting, prepared
by Denise Keeler). Furthermore, the patients on this protocol are generally considered low risk
for a high Oncotype Score.

Included in the eligibility criteria for this protocol is that the biopsy specimen contain adequate
tissue to perform the OncotypeDx assay. The high concordance of biopsy OncotypeDx score with
final surgical specimens coupled with the very low probability of a high Oncotype recurrence score
in this patient population make it extremely unlikely that a patient with a high score will somehow
be missed and hence not receive systemic chemotherapy as a result of receiving pre-operative
radiation therapy.

7.2 Hormonal Therapy

As patients are required to have ER positive disease, all patients should be treated with anti-
endocrine therapy per current guidelines. Treatment should be given at a minimum of 5 years
post-surgery. The choice of anti-endocrine agent is at the discretion of the patient’s medical
oncologist, and dose and schedule should be consistent with the instructions in the drug package
inserts. Hormone therapy cannot be initiated until after surgery. While patients should be strongly
encouraged to complete a minimum of 5 years of anti-endocrine therapy, failure to do so for
whatever reason will not result in a protocol deviation or be the cause of study withdrawal.

7.3 Trastuzumab

Trastuzumab or other anti-HER2 agents are permitted at the discretions of the patient’s medical
oncologist for patients whose tumors are HER2 positive. The dose and schedule of these agents
should be per standard treatment protocol, but cannot be given until after surgery.
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8.0 Surgery and Post-Operative Treatment
8.1 Breast conserving surgery

Breast conserving surgery (lumpectomy) and sentinel node biopsy will occur no sooner than 5
weeks following completion of RT, but should occur no later than 8 weeks. In patients with rectal
cancer, this interval has been shown to produce optimal response to pre-operative radiation
while maintaining low rates of post-operative complications (101). Surgical techniques such as
needle localization will be performed at the discretion of the treating surgeon and in
concordance with current standard of care. Oncoplastic procedures are discouraged, but will
not be counted as a protocol violation or removal from the study.

8.2 Sentinel lymph node biopsy and management of the axilla

Sentinel lymph node biopsy should be performed at the time of lumpectomy. But at the discretion
of the treating physicians, it may be performed prior to the initiation of radiation therapy. Dual
tracer with radiocolloid together with blue dye is required. If a sentinel lymph node is positive for
metastatic disease with any focus >0.2 mm (i.e. stage N1mic or higher), axillary node dissection
may be performed at the discretion of the treating physicians. In the unlikely event that there
are 4 or more positive lymph nodes, patients will require RT to the regional lymph nodes. Given
the patient selection criteria and pre-treatment evaluation, this scenario would be extremely
unlikely.

8.3 Management of a positive margin

The need for surgical re-excision after the initial lumpectomy because of close or positive
margins will be determined by the treating surgeon and radiation oncologist. For any patient
with a positive margin, re-excision is required unless technically not possible (i.e. poor
anesthesia risk for the patient, inability to resect additional breast tissue at the site of the positive
margin).

8.4 Post-operative Radiation Therapy

It is conceivable that patients deemed appropriate for APBI and are study eligible may have
findings on final pathology that would make them inappropriate candidates for APBI. Careful
selection criteria for this study make this scenario very unlikely. However, if a patient has a
nodal metastasis >2mm (N1 or higher), post-operative whole breast irradiation should be
strongly considered. Similarly, whole breast irradiation should also be considered for patients
with persistently positive resection margins and then refuse mastectomy or with an extensive
intraductal component. Regional nodal irradiation will be added to the whole breast irradiation
and required for patients with 4 or more positive nodes, and should be considered for those with
1-3 positive nodes. Dose and fractionation of the subsequent treatment will be left to the
discretion of the treating radiation oncologist. A boost to the surgical bed in the breast should
be discouraged.

This approach is patterned after that used on the TARGIT-A trial. In that study, intra-operative
APBI was administered to patients before the final results of surgical pathology were available.
Patients who were found to have high risk features and not deemed appropriate for APBI alone
after final pathology received whole breast irradiation without significant adverse effect (96).
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9.0 Pathologic Evaluation and Genetic Evaluation of Tissue Specimens

9.1 Pathological Evaluation and Immune Biomarkers

9.1.1

9.1.2

9.1.3

The surgical specimens will be subject to routine pathological analysis. Remaining
tissue from the pre-treatment biopsy, as well as any residual tumor tissue post-RT,
will be stored in accordance with MCW department of Pathology guidelines.
Routine hematoxyline and eosin (H&E) stain will be used for morphological analysis
and for the determination of immune cell infiltrates. The samples will be assessed
by the breast pathologist as previously described (65,66). One H&E slide and 20
unstained slides will be reserved for Gene Expression Profiling (described in section
9.2 below).
Immune cell infilirates have previously been shown to correlate with both breast
cancer-specific outcomes and response to neoadjuvant treatment (67). We
anticipate that enhanced immune cell infiltration (determined as described above in
8.1.1, or with additional immunostains if needed and tissue available allows) will
correlate with pathologic responses to RT.
Blood specimens (50mL, collected in 10mL lavender top EDTA tubes) will be
obtained at the time of routine blood draws: once pre- and once post-radiation, (last
day and up to one week after +/- 1 treatment) for future studies of immune
markers/peripheral blood cells and other cancer and treatment related biomarkers
that will attempt to predict radiation side effects and potentially treatment
responses. These samples will be obtained at Froedtert Hospital, and in order to
spare patient additional travel, those receiving radiation treatment outside
Froedtert may opt out of the blood draw at the end of radiation. These samples will
also be stored on the MCW Campus and analysis will be performed on campus.
The process for handling specimens will be as follows:
9.1.3.1 After collection, invert tube(s) multiple times to ensure adequate
mixing of EDTA. *Call the co-PI's laboratory (Dr. Bergom) at 414-
955-8629 to let them know they need to come pick up the
PBMCs. If no answer, call the co-Pl at 262-510-6488. The
plasma will be processed in the laboratory performing the
blood draw, and the PBMCs will be collected by the PI's
laboratory member for the remainder of the processing
outlined below.
9.1.3.2Performed by the blood draw laboratory: Centrifuge
specimen(s) within one hour of collection in a standard clinical
centrifuge at ~2500 RPM for 10 minutes at 4°C (preferred). If unable
to process the samples at 4°C then spinning at room temperature
is acceptable if done within 2 hours of draw. If the interval between
specimen collection and processing is anticipated to be more than
one hour, keep specimen on ice until centrifuging is performed.
9.1.3.3 Performed by the blood draw laboratory: Carefully pipette and
aliquot 0.5mL plasma into 8 cryovials labeled with case numbers,
collection date/time, time point collected and clearly mark specimen
as “plasma”. Avoid pipetting up the buffy coat layer.
9.1.3.4 Place cryovials into biohazard bag and immediately freeze at -70 to
-90°C.
9.1.3.5 Store frozen plasma until ready for analysis
9.1.3.6 Performed by the PI’s laboratory: PBMCs should be separated
using sterile and endotoxin free Ficoll density gradient
solution. The peripheral blood mononuclear cells (PBMCs) should
be removed and pooled. The PBMC layer should be resuspended
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in three times the volume of cold sterile PBS. Cells should be
counted using a hemocytometer and the total cell number should
be noted. The expected yield is 1-2 million cells per ml of blood.

9.1.3.7 Performed by the PI's laboratory: The PBMCs collected from 3
lavender top tubes will be divided into three aliquots. Roughly two-
thirds of the cells should be cryopreserved for future analysis (see
next item). Roughly one-third of the cells will be placed in RNAlater
(see instructions below) and snap frozen with liquid nitrogen and
stored at -70 to -80°C for future RNA extraction. If there are more
than 15E6 viable cells the RNA later aliquot should be limited to a
total of 5E6 cells and the additional cells should be cryopreserved
at -70 to -90 °C, thus deviating from the 2:1 aliquoting.

9.1.3.8 Performed by the PI's laboratory: Cryopreservation; After
counting, PBS washed PBMCs should be divided into aliquots of 5
million cells and spun down at approximately 1,000-1,500 rpm (400
x g) for 10 minutes. Each aliquot should be resuspended in 1ml of
cold sterile CryoStor CS10 freeze media (catalog number 07930,
STEMCELL technologies) which contains 10% DMSO. Each 1ml
aliquot should be placed in a cryopreservation tube and the lid
should be tightly secured. Tubes should be placed into a "Mr.
Frosty" or other slow freeze container and placed into a -70 to -80°C
freezer for 12-24 hours. Tubes should then be transferred to and
stored in vapor phase liquid nitrogen (-135°C) until analyzed in
batches.

9.1.3.9 Performed by the PI’s laboratory: RNA later: After counting, PBS
washed PBMCs should be spun down at approximately 1,000-
1,500 rpm (400 x g) for 10 minutes. The cell pellet should be re-
suspended in 1ml of RNAlater solution snap frozen in liquid nitrogen
and stored at -70 to -80°C until analyzed in a batched manner.

9.1.4 Peripheral Blood Analysis

9.1.4.1 Plasma: Plasma samples will be stored at Dr. Bergom’s Laboratory
for batched analysis. Plasma will be interrogated for chemokine and
cytokine levels using a multiplex platform from Eve Technologies
(https://www.evetechnologies.com).

9.1.4.2 Cryopreserved samples: Cryopreserved samples will be stored Dr.
Bergom’s Laboratory for batched analysis. Samples will be thawed
and stained with fluorophore-conjugated antibodies against one or
more of the following: CD4, CD8, CD25, CD62L, CD45RA, CD127,
ICOS, PD-1, PD-L1, FoxP3, CD3, CD56, CD16, CD83, TIM-3, Ki-
67, CD19, CD20, CD33, CD15, CD11b, HLA-DR and others.
Stained cells will be interrogated by flow cytometry and results
analyzed using FlowJo or similar software.

9.1.4.3 RNAlater samples: Cells in RNA later will be stored Dr. Bergom’s
Laboratory for batched analysis. Samples will be thawed and RNA
will be extracted. The transcriptome will be analyzed by RNA deep
sequencing (RNAseq) using the lllumina HiSeq platform. Targeted
RT-PCR will be used to validate genes of interest identified by
RNAseq. TCR deep sequencing data may also be obtained from
the RNAseq.

9.1.5 The evaluating pathologist will assess the percentage of the surgical specimen that
contains live tumor.
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9.1.6

Sections will be subject to immunohistochemical evaluation of the marker Ki-67
pre- and post-operatively to estimate the tumor cell population capable of
proliferation after treatment (68). Since the monoclonal antibody Ki-67 detects a
nuclear antigen expressed in all phases of the cell cycle except GO, this offers a
unique means to assess response to radiotherapy. This approach has never
before possible with standard breast radiation treatment, because standardly
treatment is delivered after all measurable tumor has been removed.

9.2 Gene Expression Profiling and Advanced Imaging:

10.0

9.2.1

9.2.2

9.23

9.24

9.2.5

9.2.6

9.2.7

RNA will be procured using the Tissue Bank quality control measures fixed paraffin
embedded tissues pre-radiation (from biopsy) and post-radiation (surgical
specimen).

We will perform global gene expression profiling using RNAseq to identify
differential expression patterns that correlate with response to radiation. We will
utilize the MCW Human and Molecular Genetics Center Sequencing Core to
perform RNAseq and analysis. Total RNA will be extracted using Trizol per the
MCW Tissue Bank’s standard procedure, and the total RNA will be poly-A purified,
transcribed, and chemically fragmented using lllumina’s TruSeq RNA library Kkit.
Libraries will be prepared for each sample, indexed for multiplexing, and then
sequenced on an lllumina HiSeq 2000. Briefly, we will plan to multiplex 4 libraries
per lane x 8 lanes per flow cell, enabling us to test 32 samples per flowcell, a setup
which has routinely yielded us 150-180 million reads (87.5% mapped reads) per
lane. For data analysis, sequencing reads will be demultiplexed and compressed
into FASTQ files using CASAVA 1.8 or equivalent software, aligned to the human
genome by TopHat (69), and analyzed for transcript abundance using Cufflinks
(70). Cufflinks produces FPKM (fragments per Kb of exon per million fragments
mapped) values for all transcript isoforms. The CuffDiff2 program (part of Cufflinks
package) then statistically analyzes differences in transcript abundance, taking
into account variance between biological replicates and correction for false
discovery rate (71).

Expression of genes from patients with pathologic complete response versus
non-complete responders will be compared using an unpaired t test on all
probes, with a false-discovery rate (FDR) of less than 0.05. If <15% complete
pathologic responses are seen, then partial responses versus no response will
be compared.

Expression of genes from patients with pre- and post-radiation will be compared,
with a false-discovery rate (FDR) of less than 0.05.

Gene expression data from this patient group will be compared to previously
published gene expression signatures for radiation sensitivity, and OncotypeDx,

a metric that predicts chemotherapy response (79,89,90).

Correlation of MR parameters and gene expression differences will be
performed as described previously (90). Correlation of MRI parameters and CT-
imaging with pathologic responses will also be determined.

Additional focus will be placed on genes with a statistically significant change in
expression (with p<0.05). Pathway analysis will be used to identify likely putative
genes which modulate radiation response. Targets identified as potentially
leading to enhanced responsiveness will be used to generate a novel gene
signature and tested and validated as prognostic factors in future studies.

Patient Assessments
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10.1  Study Parameters

10.1.1 See Appendix 1 for a summary of assessments and time frames

10.1.2 Breast assessments will be conducted during radiation therapy with one ideally
occurring on the last day of treatment

10.1.3 A breast exam must be conducted by a Physician, Physician Assistant or Nurse
Practitioner at clinic visits and documented 42 days prior to study entry, 4-6 weeks
post radiation, prior to surgery, no later than one month after the last surgery (post-
operative visit), six months after surgery, 12 months after surgery (+/- 2 months)
and then annually until 5 years after treatment is completed. The annual follow-up
interval of 12 months +/-2 months will be calculated from the actual date of the last
follow-up visit.

10.1.4 Post-operative complications (the primary endpoint of the study) will be defined as
any complication occurring within 3 months of surgery. These may include but are
not limited to: post-operative infection requiring oral/lV antibiotics (CTCAE grade 2
or higher), need for hospital re-admission due to surgical complications, wound
dehiscence (CTCAE grade 2 or higher), significant hematoma at the operative site
requiring drainage (CTCAE grade 2 or higher), and persistent symptomatic seroma
formation that will be defined as need for seroma drainage or need for pain
medications because of seroma formation (CTCAE grade 2 or 3), or any need for
re-operation excluding re-excision for concerns related to resection margin.

10.1.5 At follow-up visits (see Appendix | for schedule), documentation will be made of
disease status (no evidence of disease, local recurrence, regional recurrence, or
distant recurrence) and toxicity. Toxicity will be graded according to CTCAE v4.0.

10.2 Cosmetic Outcomes

10.2.1 Physician reported cosmetic outcome has been consistently reported from
prospective studies evaluating new methods for breast radiation. It is important to
document physician reported cosmetic outcomes with this novel treatment method
as well.

10.2.2 Physician assessed cosmetic outcome will be assessed prior to radiation, at the
end of radiation, one month following radiation prior to surgery, one month after
the last surgery, six months after surgery, 12 months after surgery and then
annually until 5 years after treatment is completed.

10.2.3 Cosmetic assessments will be assessed using a 4 point scale. The form contained
in Appendix Il will be used for data collection.

10.2.4 Digital photographs will be taken of the treated and untreated breasts using an
RTOG established protocol familiar to the research associates at Froedtert
Hospital. These images will be taken prior to treatment, one month after surgery,
then 6 months, 12 months, 24 months and 36 months after surgery. Two digital
images will be taken at each of these assessment points. One will be a close up
of the treated breast alone in order to provide detailed information regarding the
treatment effects. The second digital image will be a straight frontal view of both
breasts taken in either a standing or seated position with the patient’s hands
symmetrically placed on her hips. Care will be taken to exclude the face and
framing and focusing will be done to include both the treated and untreated breast
to allow optimal comparison for symmetry.

10.2.5 Photos will then be saved in MCW’s secure |: drive with the following naming
convention:

Save photo as: “Case #, View, Time Point” (ex. 7 Single_6mo; or
12 Both_1)
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Breast View: Single = Treated breast; Both = Both breasts

Time Point: B=Baseline prior to radiation; 1mo = 1 month post-
surgery; 6mo = 6months post-surgery; 1 = 1 year post-surgery; 2 =
2 years post- surgery; 3 = 3 years post-surgery

10.2.6 The digital images will later be evaluated for cosmetic results by the investigators
using the criteria established in previous trials (again see Appendix Ill). It is of
interest and important to obtain multiple measures of cosmetic outcome. With this
protocol, three methods will be undertaken — physician reported outcomes
assessed at time of follow-up, photographs to be evaluated by the investigators,
and patient reported outcomes as described in the next section.

10.3  Quality of Life Outcomes and Patient Reported Outcomes

10.3.1 The Breast Cancer Treatment Outcome Scale (BCTOS) is a 22 item measure of
perceived aesthetic (e.g. breast shape) and functional status (e.g. pain and
mobility) that has been used after breast conserving therapy and radiation
(Appendix V)

10.3.2 The BCTOS has high reliability and validity and has been used in a variety of
previous studies on recovery from breast cancer treatment, including studies of
post-operative APBI.

10.3.3 The BCTOS focuses on symptoms that are specifically relevant to radiation
therapy (e.g. skin problems, breast tenderness, fibrosis)

10.3.4 These forms will be completed prior to treatment, at the end of treatment, one
month after radiation, one month after surgery, then 6 months after surgery, then
12 months, 24 months, 36 months, 48 months and 60 months after surgery or
chemotherapy (if given), whichever is later. These may be collected +/- 2 months
from the specified time points.

10.3.5 The BCTOS will ideally be completed at clinic visits, but may be completed by mail
or over the phone by research associates.

10.3.6 As the BCTOS has been used on previous studies of radiation therapy, the data
collected from this study can then be compared to historical controls of patients
treated with more traditional post-operative radiation therapy regimens including
post-operative APBI.

10.4 Patient Safety Monitoring and Confidentiality
10.4.1 This study will be reviewed by the Medical College of Wisconsin Cancer Center
Data and Safety Monitoring Committee (MCWCC DSMC). A summary of the
MCWCC DSMC activities are as follows:
10.4.1.1 Review the clinical trial for data integrity and safety
10.4.1.2 Review all unexpected grade 3, and all grade 4, and 5
adverse events, as well as any others requiring expedited reporting
as defined in this protocol. (Grades 4 & 5 events must be reported
to the DSMC within 5 calendar days of study staff’'s knowledge.)

10.4.1.3 Review all Data and Safety Monitoring reports.

104.14 Submit a summary of any recommendations related to study
content.

10.4.1.5 Terminate the study if deemed unsafe for patients.

10.4.2 A copy of the MCWCC Data and Safety Monitoring Plan and membership roster
will be maintained in the study research file and updated as membership changes.
The committee will review reports from the study Pl twice annually (or more
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frequently if needed) and provide recommendations on trial continuation,
suspension or termination as necessary.

10.4.3 Any available DSMC letters will be submitted to the IRB of record as required.

10.4.4 Data on patient information and follow-up information will be collected and entered
into the password protected OnCore system. Data will be accessible only by the
research team and DSMC.

10.4.5 Hard copy forms (see Appendix Il and IV) will be kept in a locked file in offices of
the CTO. The forms will be linked to patients by a unique identifier and patient
initials in the event that the identifier is transcribed incorrectly. Access to these
forms will be limited to the CRA and PI only as the data collected will be entered
in to OnCore.

11.0 Statistical Considerations

11.1  Sample Size, Power Calculations, and Comparison of Post-Operative Complications to
Historical Controls

The primary endpoint of this study will be post-operative complications (as defined in section
10.1.4). The complication rate measured on this study will be compared to a historical control
of 32% of patients, as outlined in section 1.6. This will be measured on an individual patient
level. Hence a surgical complication rate that exceeds 31% will be considered unacceptable
and result in a negative study. A post-op complication rate of 14% or less will be considered a
successful demonstration of the safety of this treatment. This number was selected because it
is roughly half the complication rate observed on the study by Horton et.al. (94) and represents
an increase in complication rate of only 8% over that reported by Boostrom et.al. (102). To
demonstrate this, a Simon’s two stage design (104) will be used for this study. The value of this
approach is that in stage 1 it can be demonstrated that pre-operative APBI using this dose and
fractionation scheme is not excessively risky. Once that condition is satisfied, stage 2 is then
used to demonstrate that it meets a better standard of complications compared to the Horton
study with only a modest increase in complications when compared with historical series of
complications observed without pre-operative radiation therapy.

For this analysis we assume as a null hypothesis that the true complication rate is 0.31. This
will be tested against a one-sided alternative. In stage one of accrual, 17 patients will be
enrolled. If there are 5 or more complications in these 17 patients, enroliment will be suspended
and the study will be evaluated for possible closure. This will serve as the stopping rules for the
study under the null hypothesis of a 31% complication rate. Otherwise, 22 additional patients
will be accrued (total 39) in stage two, and the null hypothesis will be rejected if there are 7 or
fewer complications among the 39 total. This design yields a type | error rate of approximately
0.05 and power of 0.80 when the true complication rate is 14%. With this design, the probability
of stopping early is 0.6453. To allow for possible withdrawal prior start of treatment or other
unforeseen problem with enroliment, total enrollment will be 40 patients.

Sample size for Simon’s Two-Stage Design was calculated using a web-based calculator
(retrieved February 11, 2016) (106).

In 2012-2013, 586 new cases of invasive breast cancer were seen at FH. This included 424
patients who had stage | and IlA disease, the population targeted in this proposal. We estimate
that 60-70% of these patients would be eligible for screening, with 30-40% eligible for the study.
This will allow for an adequate pool of patients for the targeted enroliment of 40 patients.

11.2 Secondary Endpoints
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Secondary endpoints of the study will include (1) local control, (2) overall survival, (3) need for
surgical re-excision due to inadequate margin, (4) Soft tissue fibrosis of the breast, (5) Breast
pain, (6) radiologic and pathologic response, and (7) cosmetic outcome. The re-excision rate and
rate of partial/complete response with be estimated with exact confidence intervals, and
compared to historical controls (28 and 95) using Chi-Square or Fisher’s exact tests. Kaplan-
Meier survival estimates or estimate of the cumulative incidence rate will be used where censoring
or competing risks occur (local control, cosmetic outcomes, fibrosis, and pain).

11.3  Statistical Analysis of Translational Studies

A description of the statistical methods for the measurement of the changes in gene expression
is also contained in section 9.2.2 through 9.2.4. Analysis will be performed using the CuffDiff2
program, part of a commercially available Cufflinks package that will be used in the analysis of
the tissue samples. The software models how variability in measurements of a RNA transcript’s
fragment count is dependent on both its expression and splicing structure. It fits the observed
variance in fragment counts as a function of the mean across replicates. It then estimates the
number of fragments that originated from each transcript. The algorithm estimates uncertainty by
calculating the confidence that each fragment is correctly assigned to the transcript that generated
it. The uncertainty in the fragment’s count is then mapped as a beta distribution and the
overdispersion in RNA sequences as a negative binomial. The algorithm then mixes the
distributions together. The result is a beta negative binomial distribution that reflects both the
sources of variability in an isoform’s measured expression level. This method is well published
and further detail can be found in reference 71.

Expression of genes from patients with pre- and post-radiation will be compared, with a false-
discovery rate (FDR) of less than 0.05.

Expression of genes from patients with pathologic complete response versus non-complete
responders will be compared using an unpaired t test on all probes, with a false-discovery rate
(FDR) of less than 0.05. If <15% complete pathologic responses are seen, then partial
responses versus no response will be compared in a similar manner.
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APPENDIX 1 — Patient Assessments

Screening
Within 90 Within 60
Assessments Days of Days of
Enroliment | Enrollment
History and Physical,
Performance Status and Height X
and Weight Documentation
Biopsy Proven Invasive Breast X
Cancer
Breast Examination X
X (within 60
Bilateral Mammogram days of
diagnosis)
Clip placed in tumor, verified by X
mammogram
CBC w/diff and ANC X
Complete Metabolic Panel X

Determination of hormone
receptor and her2 status

Prior to enroliment

Ultrasound or MRI of axilla with
biopsy of any
enlarged/abnormal lymph
nodes

X (within 42
days of
enroliment)

Consultation with Medical
Oncologist

Prior to enroliment

If Oncotype or Mammaprint is
recommended, assessment of
adequacy of biopsy specimen

Prior to enroliment
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Assessments During Treatment

Assessments

Prior to Start

Last Day of RT

of RT (+/- 1 treatment)
History and Physical or weekly
review, Performance Status and X X
Weight Documentation
Breast Examination X X
Adverse event evaluation X
Physician Cosmetic and QOL
. . X X
Questionnaire
Breast Photos X
Specimens for Research
X X (blood only)*

(blood, biopsy specimen)

Version 9, January 27, 2020
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Follow-up Assessments

Assessments 4-6 weeks Within 4-6 6 Months | 12 Months (+/- 1
After RT | weeks after Last | (+/-2wks) month) After
Completion Surgery After Surgery then
Surgery | Annually* (+/- 2
months)
History and Physical,
Performance Status and Weight X X X X (until year 5)
Documentation
Breast Examination X X X X (until year 5)
Adverse event evaluation X X X X (until year 5)
Specimens for Research X X (surgical
(Blood, surgical specimen) (Blood) specimen)
Physician Cosfmeth and QOL X X X X (until year 5)
Questionnaire
Breast Photos X X X (until year 3)
Breast MRI X
Mammogram of Ipsilateral Breast X

Mammogram of Bilateral Breasts*
(based on surgical date)

X (until year 5)**

*Follow-up and mammogram interval of every 12 months +/- 2months will be calculated from the
actual date of the previous follow-up visit or mammogram.

**The mammogram to be done 12 months (+/- 1 month) after surgery is optional based on
standard of care mammography schedules.
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APPENDIX II
ZUBROD/ECOG PERFORMANCE SCALE

0 Fully active, able to carry on all predisease activities without restriction

1 Restricted in physically strenuous activity but ambulatory and able to carry work of a light
or sedentary nature. For example, light housework, office work.

2 Ambulatory and capable of self-care but unable to carry out any work activities. Up and
about more than 50% of waking hours.

3 Capable of only limited self-care, confined to bed or chair 50% or more of waking hours
4 Completely disabled. Cannot carry on self-care. Totally confined to bed

5 Death

KARNOFSKY

100 — Normal; no complaints; no evidence of disease.

90 — Able to carry on normal activity; minor signs or symptoms of disease.

80 — Normal activity with effort; some signs or symptoms of disease.

70 — Cares for self; unable to carry on normal activity or to do active work.

60 — Requires occasional assistance, but is able to care for most of their personal needs.
50 — Requires considerable assistance and frequent medical care.

40 — Disabled; requires special care and assistance.

30 — Severely disabled; hospital admission is indicated although death not imminent.
20 — Very sick; hospital admission necessary; active supportive treatment necessary.
10 — Moribund; fatal processes progressing rapidly.

0 — Dead.
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Patient

Initials ) Patient Study ID I
Last First ~ Middle
APPENDIX 1ll PHYSICIAN SCORED COSMETIC RESULTS
Please circle the result that best describes the breast appearance
1 EXCELLENT: When compared to the untreated breast or the original appearance of

the breast, there is minimal or no difference in the size or shape of the treated breast.
The way the breast feels (its texture) is the same or only slightly different. There may be
thickening scar tissue or fluid accumulation within the breast, but not enough to change
the appearance.

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

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

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

Please circle a number of each of the following treatment effects.

None Yes, present but does Yes, present and
not affect cosmesis affects cosmesis
Skin Telangectasia 0 1 2
Skin Atrophy 0 1 2
Scarring 0 1 2
Pigment Change 0 1 2
Erythema 0 1 2
Fat Necrosis 0 1 2
Fibrosis 0 1 2
Retraction or 0 1 2
Contour Defect
Volume Loss 0 1
Other significant 0 1
Treatment Effects
Specify:
Comments:
Assessment Time Point (Circle one): Pre-Treatment Last Day of RT

1 Month After RT Completion (Pre-Surgery) 1 month post-op 6 months 12 months (1yr)
24 months (2 years) 36 months (3 years) 48 months (4 years) 60 months (5 years)

Physician’s Signature Signature Date
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Pre-Operative Accelerated Partial
. Breast Irradiation
Patient
|n?ti|:|ns , Quality of Life Questionnaire

Last First Middle Patient Study ID

Participants should complete this questionnaire at baseline (after consent and prior to randomization) and at end
of radiation therapy, one month after radiation therapy (prior to surgery), one month after surgery, 6 months post-
surgery, 12, 24, 36, 48, and 60 months after surgery or chemotherapy whichever is later. The first page is to be
completed by a clinical staff member. Fill in the items listed on this page, print the patient's study ID at the top
of pages 2 through 7 and give the questionnaire to the patient for completion. After the patient has completed
the questionnaire, verify that the date has been recorded at the top of page 2, and submit the completed
questionnaire to the CRA/CRC in the Clinical Trials Office.

Please administer the questionnaire at an office visit if possible. If that is not possible, mail the questionnaire to
the patient, then call to ask for the patient's responses over the phone.

Staff Member Administering Form

Last Name First Name Phone

Time point for this questionnaire — Circle One

Baseline (after consent, prior to radiation) 2 years after surgery
Last Day of radiation therapy

4 weeks (1 month) after the end of radiation 3 years after surgery

therapy (prior to surgery) 4 years after surgery
1 month post-surgery
6 months post-surgery 5 years after surgery

12 months after surgery
(whichever is later)

This form is being filled out: (Mark one.)
O By participant in doctor's office O By clinical staff, on phone with participant
O By participant not in doctor's office O Other

Record the participant's study ID on each of the remaining pages
before giving the questionnaire to the participant.
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Patient Study ID I

Date this questionnaire is completed:

Month Day Year

(For example, if you were completing the questionnaire on September 8, 2014, you would
write 09 08 2014 in the boxes.)

Thank you for completing this questionnaire.
We are interested in your evaluation of your physical appearance and functioning since you
have been treated for breast cancer. Please rate the following items on this four-point scale,
according to your evaluation at this point in time.
Difference between treated and untreated
breast and area
None Slight Moderate Large

2 3 4

1 Breast size
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We are interested in your personal reactions to the radiation and surgery you have received for your
breast cancer. Please answer the following questions by circling one (1) number. Please note that the
response options are labeled at the end-points only. However, you can and should use all of the points

Patient Study ID I

on the scale as appropriate to best convey your response. This page should be filled out only one
month after radiation and one month after surgery

1. To what extent has your radiation/surgery disrupted your normal daily activities?
0 1 2 3 4 5 6 7 8 9 10
Not at all Alot
2. To what extent has your surgery/radiation disrupted your normal recreational activities?
0 1 2 3 4 5 6 7 8 9 10
Not at all A lot

To what extent has your radiation/surgery disrupted your normal activities with your
family and friends?

0 1 2 3 4 5 6 7 8 9 10

Not at all Alot
4. To what extent has your radiation/surgery disrupted your normal sleep pattern?

0 1 2 3 4 5 6 7 8 9 10

Not at all A lot
5. To what extent has your radiation/surgery reduced your enjoyment of life?

0 1 2 3 4 5 6 7 8 9 10

Not at all A lot

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

0 1 2 3 4 5 6 7 8 9 10

Not at all A lot
7. How satisfied are you with the length of time your treatment has taken to this point in time?

0 1 2 3 4 5 6 7 8 9 10

Not at all A lot

8. How disruptive has your radiation/surgery been to the other important people in your life (e.g.,
family and close friends)?
0 1 2 3 4 5 6 7 8 9 10
Not at all A lot
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Patient Study ID I

These questions are about how you feel and how things have been with you during the past 4
weeks. For each question, please give the one answer that comes closest to the way you have
been feeling.

How much of the time during the past 4 weeks...

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

1.Did you feel full of life? T, 2 . 3 4 S
2. Did you have a lot of energy? . . L 2 3 o 4 S
3 Did you feel wornout? . . T, 2 3 4 9
4. Did you feel tired? 1 2 3 4 5

5. Rate your pain at its worst in the past four weeks. (Circle one number.)

0 1 2 3 4 5 6 7 8 9 10

No pain Pain as bad as you
can imagine
6. Rate your pain at its least in the past four weeks. (Circle one number.)

0 1 2 3 4 5 6 7 8 9 10

No pain Pain as bad as you
can imagine
7. Rate your pain on average in the past four weeks. (Circle one number.)

0 1 2 3 4 5 6 7 8 9 10

No pain Pain as bad as you
can imagine
8. Rate how much pain you have right now. (Circle one number.)

0 1 2 3 4 5 6 7 8 9 10

No pain Pain as bad as you
can imagine

9. Are you currently receiving treatments or taking medications for your pain?
Circleone: Yes No
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Patient Study ID ||

By circling one (1) number per line, please indicate how much you have been
bothered by each of the following problems in the past four weeks.

Not A little bit Some- Bothered Bothered

bothered bothered what quite very
at all bothered a bit much

Fever or shivering (shaking, chills) ... O L 2 < 4
Swelling of breast (breast feels larger) ... O . L 2 e, < 4
Breastheaviness . . O . L 2 < 4
Breastwarmtotouch . O . L 2 < 4
Breastskinisred . O . L 2 e, < 4
Breastskinistanned ... O . L 2 < 4
Breast skin_or area around nipple is palein_ .. O . L 2 < 4
color

Breast skin is flaking orpeeling ... O . L 2 < 4
Bleeding or fluid leakage from breast . ... O . L 2 e, < 4
Breastitching . O . L 2 < 4
Blisters on the breast (or breast skinmoist O L 2 < 4
and raw)

CoUINING O . L 2 e, < 4
Difficulty breathing ... O e, L 2 e, < 4
Muscle aches O . L 2 e, < 4
Riborchestwallpain_ . . ... O e, L 2 e, < 4
Infections o 1 2 3 4
Slow healing of breastwounds ... O . L 2 e, < 4
Visible small blood vessels (spider veins)_ .. O e, L 2 e, < 4
Pockmarks or puncture wounds on breast .. O L 2 < 4
Thickening of breastskin_ ... O L 2 < 4
Hardening of breast O . L 2 e, < 4
Breast or nipple numbness ... O . L 2 < 4
Sharp shooting pains or twinges inthe ... .. O L 2 < 4

breast
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Patient Study ID ||

Not A little Some- Bothered Bothered

bothered bit what quite very

atall bothered bothered a bit much
Breastaches . . ... (U L. 2 e < 4
Breasttenderness .. ... (U L. 2 e < 4
Decrease or lack of arousal on breast .. .. U L 2 S e 4
Any other problems? (Specify below) ... (U L. 2 e < 4

Specify other problems:

You have been treated with breast conserving therapy for breast cancer. As you know, a reason for
choosing this treatment is to keep a breast that looks and feels as close to normal as possible. Your
opinion concerning the appearance of your breast is valuable to us. Circle the number next to the
word that best describes how your breast looks now.

1 EXCELLENT: when compared to the untreated breast or the original appearance of the
breast, there is minimal or no difference in the size or shape of the treated breast. The
way the breast feels (its texture) is the same or slightly different. There may be
thickening, scar tissue or fluid accumulation within the breast, but not enough to change
the appearance.

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

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

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

My satisfaction about the treatment and results is: (Select the phrase that best describes your
satisfaction.)

L] L] L] L] L]

Totally Somewhat Neither Somewhat Totally
satisfied satisfied satisfied nor dissatisfied dissatisfied
dissatisfied
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Patient Study ID I

Before any treatment to your breast, the size of your breasts was: (Select the phrase that best
describes your breast size prior to treatment.)

L] L] L]

Larger The same on Larger
on left both sides on right

The size of your breasts now is: (Select the phrase that best describes your breast size now.)

L] L] L]

Larger The same on Larger
on left both sides on right

Thank you for completing this questionnaire!
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