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Abstract

Purpose: Hypofractionation in the setting of postmastectomy radiation (PMRT) is not currently
the standard of care in most countries. Here we present a 5-year update of our multi-institutional,
phase 2 prospective trial evaluating a novel 15-day hypofractionated PMRT regimen.

Methods and Materials: Patients were enrolled to receive 3.33 Gy daily to the chest wall (or
reconstructed breast) and regional lymphatics in 11 fractions with an optional 4-fraction
mastectomy scar boost. The primary endpoint was freedom from grade 3 or higher late non—
reconstruction-related radiation toxicities. Toxicities were scored using Common Terminology
Criteria for Adverse Events v4.0. Secondary endpoints included local and locoregional recurrence
rates, cosmesis, and reconstruction complications.

Results: After enrolling 69 patients with stage I1-111a breast cancer, 67 women were eligible for
analysis. At a median follow up of 54 months, there were no acute or late grade 3 and 4
nonreconstruction reported toxicities. The grade 2 or greater late toxicity rate was only 12% and
comprised grade 2 pain, fatigue, and lymphedema that persisted beyond 6 months after completion
of radiation therapy. Only 3 women (4.6%) experienced a chest wall or nodal recurrence as a first
site of relapse. Freedom from local failure, including local failure after distant relapse, was 92% at
5 years, and the 5-year overall survival was 90%.

Conclusions: This is the first prospective trial conducted in the United States to demonstrate the
safe and effective use of hypofractionated PMRT. We have demonstrated a low complication rate
while achieving excellent local control. Toxicity was better than anticipated based on previously
published series of PMRT toxicities. Although our fractionation was novel, the radiobiological
equivalent dose is similar to other hypofractionation schedules. This trial was the basis for the
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creation of Alliance A221505 (RT CHARM), which is currently accruing patients in a phase 3
randomized design.

Introduction

Postmastectomy radiation therapy (PMRT) is an important component of the
multidisciplinary management of patients with locally advanced breast cancer. PMRT has
been shown in randomized trials to improve breast cancer survival in patients with lymph
node—positive disease.1-3 Hypofractionation has become the new standard of care in many
types of breast cancer radiation, with the publication of randomized trials demonstrating its
safety and efficacy.*> Cosmetic results from the UK Start B trial demonstrated an
improvement with hypofractionation in breast shrinkage, telangiectasias, and breast edema.*
Radiobiology research has given us a linear quadratic formula to describe the relationship
among dose per fraction, time, and total dose of radiation.5:’

The UK Start A and Start B trials used a total of 4 different dose fractionation schedules,
thus enabling investigators to model the radiobiological effects for normal breast tissue and
breast cancer based on daily and total dose. Those results have demonstrated that breast
cancer and normal breast cells share a similar radiation dose sensitivity, theoretically
negating the benefit of significant fractionation.8 This has laid the groundwork for
exploration into additional settings for breast cancer hypofractionation, such as
postmastectomy and regional nodal patients. A 2019 published randomized trial from
Beijing, China, treated 820 patients with either a standard fractionation of 50 Gy in 25
fractions or 43.5 Gy of in 16 fractions after mastectomy. Results from this trial support the
safety and efficacy of hypofractionated PMRT, at least in the setting of the nonreconstructed
chest wall (CW).°

In 2009, with institutional review board approval, we conducted a prospective phase 2 trial
(NCTO01417286) using hypofractionated PMRT with a unique dose schedule. Patients
enrolled at the Rutgers Cancer Institute of New Jersey and at the Huntsman Cancer Institute
at the University of Utah. Early toxicity results of our study were published in 2017 with a
median follow-up of 32 months. That analysis demonstrated a 3% local failure rate and no
grade 3 toxicities.19 Here we present the 5-year update of our prospective phase 2 trial.

Methods and Materials

Patients

Between 2010 and 2014, 69 women over 18 years of age, with American Joint Committee
on Cancer version 7, stage I1A-111C invasive epithelial breast cancer and negative surgical
margins (no tumor on ink) were enrolled to receive a hypofractionated PMRT regimen.
Table 1 demonstrates the patient characteristics. Patients were allowed (not required) to
undergo breast reconstruction and receive neoadjuvant/adjuvant chemotherapy and
antihormone therapy (before, during, or after radiation therapy [RT]). Staging was the higher
of clinical or pathologic staging if neoadjuvant chemotherapy was administered; otherwise,
pathologic staging was used. Treatment characteristics are shown in Table 2. Exclusion
criteria included metastatic disease, prior chest radiation, coexisting medical conditions with
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life expectancy <2 years, collagen vascular disease, and prior malignancy within 5 years of
enrollment. High-risk features such as inflammatory breast cancer (T4d), lymphovascular
invasion, close margins, young age, and negative hormone receptors were allowed. One
patient had inflammatory breast cancer (T4d) and 1 had skin ulceration (T4b). Two patients
had N3 disease, one of whom also had T4b.

Radiation therapy

Using 3-dimensional planning techniques, patients received radiation to the CW or
reconstructed breast and regional lymph nodes to 36.63 Gy in 11 fractions of 3.33 Gy per
day, delivered 5 days a week. Bolus was used on all patients per institutional standard,;
however, bolus thickness and frequency were at the discretion of the treating provider.
Coverage of the internal mammary (IM) lymph nodes was not required but occurred in 28%
of patients. Among patients with IM node coverage, planning techniques used included
partially wide tangents (74%), matched photon/electron (16%), and intensity modulated RT
(10%). The use of a boost was optional and was prescribed as 3.33 Gy x 4 fractions using
en-face 6 to 9 MeV electrons to the mastectomy scar with a 2-cm block edge margin.
Volume-based planning was not required because this protocol was written before the
creation of the Radiation Therapy Oncology Group breast cancer atlas.1! Ninety-seven
percent of patients received the optional boost because was the practice pattern at the time
for both enrolling institutions. Without consideration of the scar boost, the CW was to be
encompassed by the 90% to 115% prescription isodose line. If electrons were used in a
matching technique, the max dose allowed was 120%, not to exceed 2 cm? of tissue. The
heart was ideally excluded from the primary tangent field with a maximum daily dose of no
more than 2 Gy/d. The ipsilateral lung width visible at any level on the tangent beam’s eye
view had to be <3 cm. A 3-dimensional lung constraint was not predetermined but
retrospectively collected as ipsilateral lung V15, calculated to be an approximate biological
equivalent dose to evaluating V20 in standard fractionation, where Vx = volume (V)
receiving (x) dose of radiation. The brachial plexus was routinely contoured with the
brachial/axillary vessels as a surrogate landmark and treated to a max dose of 39.2 Gy, 107%
of the prescription dose. Further details of radiation treatment planning were thoroughly
described in our previous report.10

Statistical analysis

The primary hypothesis was grade >3 non—reconstruction-related toxicities being
noninferior to historical control in patients receiving standard-fractionation PMRT. These
nonreconstruction toxicities were compiled as our primary endpoint and constituted late
dermatitis, CW pain, painful/symptomatic brachial plexopathy, and acute symptomatic
pneumonitis grade =3 on the Common Terminology Criteria for Adverse Events (CTCAE;
version 4.0) scale. Early stopping rules were put in place during enroliment but were not
met. Early toxicity was defined as occurring during or within 6 months of the completion of
radiation. Late toxicity was defined as occurring greater than 6 months after the last day of
radiation.

Secondary endpoints were local and locoregional recurrence rates (LR; LRR). LR was
defined as a CW or skin failure, and LRR was defined as local or regional nodal recurrence
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(axillary, supraclavicular, or IM). Using a fixed sample size of 67 patients, for up to 5
recurrences, a 90% confidence interval would detect a true recurrence rate between 3.7%
and 14.5%. If this was met, we believed it was appropriate and would be deemed noninferior
to previously reported recurrence rates.1-39 All intervals were calculated from the date of the
end of RT.

Disease control

There were 2 CW recurrences as the first site of relapse (3%) at 22 and 54 months post-RT.
One patient was successfully salvaged and remains free of disease. One patient had CW and
nodal recurrence concomitantly. The combined local regional relapse rate is 5%. Two
additional patients experienced a local relapse after a distant relapse. Including a local
failure after failing distantly, our combined 5-year locoregional-free survival rate is 92%
(Fig. 1). In multivariable analysis, an increasing number of positive lymph nodes was
predictive for LRR (£ =.039); estrogen receptor status predicted for any recurrence and for
overall survival (P=.0014 and P=.0234, respectively). Twelve patients developed distant
disease for a 5-year distant-disease-free survival of 77% and 5-year overall survival of 90%
(Figs. 2 and 3).

Dose-volume analysis

Toxicities

All patients had normal tissue dose volume histogram analysis performed retrospectively
using axial computed tomography simulation information (Table 2). Dosimetry data is
availble in Table 3. Average mean heart dose was 1.3 Gy (range, 0.26-3.81) and the average
ipsilateral lung V15 Gy was 25% (range, 3.3%-41.8%). Maximum dose to the brachial
plexus, contoured as axillary vessels, averaged 37.0 Gy (range, 34.0-39.2).

Planning target volumes (PTVs) for the CW and nodal volume were evaluated randomly for
30 of the patients. The average CW PTV receiving 95% of the prescribed dose was 97%.
The average axillary PTV receiving 95% of the prescribed dose was 92%.

Toxicity results are listed in Table 4. The main toxicity was radiation dermatitis. There were
no grade 3 acute or late toxicities in our hypofractionation patients. One patient developed
an infected postmastectomy seroma that spontaneously started draining after 1 fraction of
RT. The patient was taken off study and was treated with conventionally fractionated PMRT.
The event was not attributable to radiation. Twenty-eight percent of patients developed acute
grade 2 dermatitis, all cases of which resolved within 6 months from the end of RT. Grade 1
acute skin toxicity occurred in 54% of patients; grade 1 late toxicity occurred in 30%,
usually as hyperpigmentation. Additional late grade 2 toxicities included 8% CW pain and
3% fatigue. Only 1 patient (1.5%) experienced late grade 2 lymphedema; this patient had
axillary lymph node dissection with 26 lymph nodes removed.

Five patients reported late grade 2 pain that persisted 6 months after treatment. Of these 5
patients, 1 reported CW pain that responded to non-narcotics and persisted for around a year
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but had resolved by last follow-up. The other patient reported pain that seemed to be related
to expander contracture; this improved significantly at last follow-up, but she continued to
have CW tightness. Two patients reported late grade 2 fatigue, which was scored as
multifactorial and not attributed solely to radiation treatment.

Reconstruction

Forty-three patients had plans for breast reconstruction. Of the 43, 40 patients (93%) had
pre-RT reconstruction, of which 88% were temporary expanders, 7% were immediate
implants, and 5% were prior augmentation implants. Three patients (7%) had post-RT
reconstruction. Of the 43 patients, 35% had grade 3 or 4 reconstruction complications
attributable to RT.

Discussion

The Early Breast Cancer Trialists’ Cooperative Group (EBCTCG) evaluated 22 randomized
trials and concluded that adding radiation to node-positive breast cancer after mastectomy
decreased local recurrence at 10 years from 26% to 8% and decreased 20-year breast cancer
mortality from 66% to 58%.12 These benefits were found to be independent of the effect of
cytotoxic systemic therapy. A similar benefit was not found for node-negative women.
Fourteen of the 22 randomized trials analyzed by the EBCTCG used a standard fractionation
of 50 Gy in 25 fractions of 2.0 Gy to the CW and regional nodes. Regional lymph nodes
include levels 1 to 3 of the axilla, the supraclavicular fossa, and usually the first 3 ipsilateral
intercostal IM nodes. Our 5-year locoregional recurrence rate of 5% is in line with the
results of the these prospective PMRT trials despite our unique and convenient fractionation.

Targeting the IM nodes is an area of controversy, considering they were targeted in 20 of the
22 included trials in the EBCTCG meta-analysis. In addition, both the National Cancer
Institute of Canada MA.20 and European Organization for Research and Treatment of
Cancer 22922 trials demonstrate a small but significant improvement in disease-free survival
by adding IM node radiation.12-14 Targeting the IM nodes when performing regional nodal
irradiation appears to be the accepted current standard, given their inclusion in recent trial
design (Alliance A11202 and A221505, NRG B51, and National Cancer Institute of Canada
MA.39). Our trial was run before the results of MA.20 and European Organization for
Research and Treatment of Cancer 22922 were known; therefore, IM nodes were treated
“optionally” in only 28% of patients. Adding IM coverage to the remaining 72% of patients
would likely increase the average heart and lung dosimetry to those reported here.

Hypofractionation is traditionally accelerated, thus delivering the total dose of radiation in a
shorter period of time and requiring a lower total dose for similar effectiveness. This lower
total dose of radiation may explain the improved cosmetic effects found in the
hypofractionation arms of UK Start trials. Toxicity rates from PMRT trials vary based on
reporting scale used, but our schedule appears to be similar or better, with no grade 3 events
reported and only 12% late grade 2 events. The hypofractionation prospective PMRT trial
from China reported that 1% of patients in both treatment arms experienced a grade 3 or
worse toxicity, and 21% experienced late grade 1 to 2 skin toxicity.?
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Hypofractionation is inherently more cost-effective for both the patient and society. In an
economic statistical Markov chain analysis, Khan et al demonstrated that for a low/middle-
income country, hypofractionated PMRT likely would result in an improvement in breast
cancer survival by improving access to care.1® In an era of medical cost reduction, the
Centers for Medicare and Medicaid Services have proposed an innovative payment model
for radiation oncology with the goal of improving quality and value-based care (Centers for
Medicare and Medicaid Services rule 5527-P).16 Short-course radiation trials such as this
may help radiation oncology practices survive the changing financial reimbursement of the
future while improving patients’ quality of life. Trials using modern hypofractionated
radiation with an appropriate biological effective dose (BED) and modern chemotherapy
were lacking but are now being pursued. Fear of hypofractionation is likely based on faulty
assumptions. Several single-institution hypofractionated PMRT trials dating back to the
1950s and 1960s reported excessive toxicity. At that time, there was little understanding of
the radiobiology of breast cancer, and as a result these trials gave too high a BED, resulting
in unacceptable toxicity.17-1° The Vancouver BC trial by Ragaz et al used 37.5 Gy in 15
fractions (35 Gy to the mid axilla) in 16 fractions and demonstrated acceptable toxicity.3 The
BED of this fractionation is only 80% the BED of 50 Gy in 2-Gy fractionations. This
reduced BED, although potentially less toxic, may explain the higher-than-expected 20-year
local recurrence rate of 13%.20

Modern trials with conventional chemotherapy and radiation doses that use our
understanding of linear-quadratic equivalent doses are starting to be published. Small trials
from Pakistan, Greece, and Thailand appear to show that hypofractionated PMRT with an
appropriate BED can be safely performed, at least in nonreconstructed breast patients.21-23
The UK Start A and B trials, although designed for early-stage postlumpectomy patients,
ended up treating a few mastectomy (531; 9%) and regional nodal (451; 7%) patients.824.25
There was no description of breast reconstruction in these patients, but no excess CW or
nodal toxicity was reported. Of the regional nodal irradiation patients, there was only 1 case
of brachial plexopathy in the UK Start A trial (3.2 Gy x 13 arm), without description of
symptoms or severity. The recently published trial from Beijing, China, is the first modern
randomized PMRT fractionation trial, and it demonstrates very promising results.® An
important detail about this reported trial is that all patients had flat, unreconstructed CWs
that were treated with electrons. Our trial adds to the momentum of hypofractionation in this
patient population yet adds a novel dose/fractionation that is perhaps the most convenient
published to date. The outcomes of our dose schedule are perhaps best interpreted with the
addition of our mastectomy scar boost, considering 97% of our patients received the boost.
The 2-Gy BED to the regional nodes and CW is estimated to be 45 Gy with 60 Gy to the
mastectomy scar. Only 1.5% of our patients experienced CTCAE grade 2 lymphedema. This
lower-than-expected lymphedema rate for a group in which 84% underwent axillary
dissection may partially be explained by the lower BED delivered to the regional nodes (45
Gy) but is more likely reflective of the limitations of CTCAE grading, which relies on
severity of arm symptoms and an assessment of completing instrumental activities of daily
living. Routine arm measurements were not collected. This trial did not mandate consistent
contouring of targets and organs; going forward, we would advise using volume-based
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planning per the Radiation Therapy Oncology Group Breast Contouring atlas with
hypofractionated dose constraints, such as those that appear in Alliance A221505.11

Conclusions

An unexplored population yet to be adequately studied for safe hypofractionation is women
with a reconstructed CW. Although reconstructed patients (41%) were included on our trial
with acceptable reconstruction toxicities, this was our motivation behind the creation of the
phase 3 randomized trial, Alliance A221505 (RT CHARM), which started enrolling patients
in March 2018 and has enrolled 400 of 880 planned patients as of December 2019.10:26 A
detailed update of our reconstruction outcomes with comparison to a matched
conventionally fractionated cohort will be reported in a separate publication.
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Fig. 1.
Local recurrence-free survival in 67 patients treated with experimental schedule.
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Distant or local recurrence-free survival in 67 patients treated with experimental schedule.
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Table 1

Patient characteristics

Total (%)

Laterality
Right
Left

Bilateral

Final Stage *

1A

11B

A

1B

1c
Histology

IDC

ILC
Grade

|

1

1l
ECE

No

Yes

Unknown
LVSI

No

Yes

Unknown
ER+
PR+

Her2+ 7

ER-/PR-/Her2—

Median: 54
11 (16)
20 (30)
8(12)
22 (33)

6(9)

38 (57)
28 (42)
1)

14 (21)

25 (37)

22 (33)
4(6)
2(3)

62 (93)
5(7)

10 (15)
18 (27)
38 (57)

35 (52)
18 (27)
14 (21)

33 (49)
27 (40)
7 (10)
51 (76)
45 (67)
15 (22)
9(13)

Page 12

Abbreviations: ECE = extracapsular extension; ER = estrogen receptor; LVSI = lymphovascular space invasion; PR = progesterone receptor.

*
Higher of pathologic or prechemotherapy clinical stage.

flOO% of Her2 patients received Her2-directed therapy.
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Treatment characteristics

Table 2

n (%)

Neoadjuvant chemotherapy

Anthracycline-based
Taxane-based (no anthracyclines)

Other

Adjuvant Chemotherapy

Anthracycline regimen

Taxane-based

No chemotherapy received

Both neoadjuvant and adjuvant chemotherapy
Adjuvant tamoxifen (ER/PR+)

Adjuvant Al (ER/PR+)

Both

No hormone therapy (ER/PR+)

Pretherapy nodal bx (neoadjuvant)

Negative

Positive

Convert to pCR nodes from + nodes
pCR, breast only

pCR, both

No nodal evaluation (T3NO)
Sentinel node only

Axillary dissection

Range of nodes dissected
Median no. of nodes

Range positive

Median positive

Breast reconstruction

Yes
No

33 (49)
21 (57)
9 (24)
3(8)
37 (55)
24 (65)
12 (33)
5(7)
8(12)
22/53 (42)
23/52 (43)
1(1)
8/53 (15)

2
19
5/27 (19)
10/33 (30)
5/33 (15)
1(1)
10 (15)
56 (84)
3-29
125
0-16
2

41 (59)
28 (41)
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Abbreviations: Al = aromatase inhibitor; ER = estrogen receptor; pCR = pathologic complete response; PR = progesterone receptor.
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Dosimetry data

Table 3

Average Range
Mean heart, Gy 1.3 (0.3-3.8)
Heart V20, % 03 (0-43)
Ipsilateral lung V15, *o% 248 (3.3-41.8)
Ipsilateral lung V18, * % 235 (2.8-39.4)
Max brachial plexus (>0.2 cmd), Gy 374 (34-39.2)

*
Vx = volume (V) receiving x dose or greater, expressed as percentage of total volume.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2021 July 15.
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Treatment-related toxicities

Grade 1 toxicities

Grade 2 toxicities

Acute,n  Laten

Acute,n Laten

(%) (%) (%) (%)
Skin 37(55) 20(30) 19(28) 0
Fatigue 15(22) 12(18) 8(12) 2(3)
Pain 13(19)  9(13) 2(3) 5(8)
Lymphedema 1(2) 1(2) 2(3) 1(2)
Subcutaneous 0 11 (17) 1(2) 0
Telangiectasia 0 11 (17) 0 0
Other ™ 2(3) 0 19 0

*
Bronchospasm (wheezing), shoulder stiffness.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2021 July 15.
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