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PURPOSE Brentuximab vedotin, an effective anti-CD30 antibody-drug conjugate approved for use in adults with
classical Hodgkin lymphoma (HL), was introduced in this frontline trial to reduce prescribed radiation in children
and adolescents with classical HL.

METHODS Open-label, single-arm, multicenter trial for patients (age = 18 years) with stage IIB, IlIB, or IV
classical HL was conducted. Brentuximab vedotin replaced each vincristine in the OEPA/COPDac (vincristine,
etoposide, prednisone, and doxorubicin/cyclophosphamide, vincristine, prednisone, and dacarbazine)
regimen according to GPOH-HD2002 treatment group 3 (TG3); two cycles of AEPA and four cycles of
CAPDac. Residual node radiotherapy (25.5 Gy) was given at the end of all chemotherapy only to nodal sites
that did not achieve a complete response (CR) at the early response assessment (ERA) after two cycles of
therapy. Primary objectives were to evaluate the safety and efficacy (complete remission at ERA) of this
combination and the 3-year event-free (EFS) and overall survival (OS). The trials are registered at Clin-
icalTrials.gov (identifier: NCT01920932).

RESULTS Of the 77 patients enrolled in the study, 27 (35%) achieved complete remission at ERA and were spared
radiation. Patients who were irradiated received radiation to individual residual nodal tissue. At a median follow-up
of 3.4 years, the 3-year EFS was 97.4% (SE 2.3%) and the OS was 98.7% (SE 1.6%). One irradiated patient
experienced disease progression at the end of therapy and now remains disease free more than 6 years following
salvage therapy, and one unexpected death occurred. Only 4% of patients experienced grade 3 neuropathy.

CONCLUSION The integration of brentuximab vedotin in the frontline treatment of pediatric high-risk HL is highly
tolerable, facilitated significant reduction in radiation exposure, and yielded excellent outcomes.

J Clin Oncol 39:2276-2283. © 2021 by American Society of Clinical Oncology

INTRODUCTION reducing radiation for those inadequately responding to
chemotherapy with the goal of limiting late toxicities.” In
this trial, to maintain excellent outcomes without in-
tensifying chemotherapy and its associated toxicities,
we substituted brentuximab vedotin (Bv) for vincristine
in the OEPA/COPDac (vincristine, etoposide, predni-
sone, and doxorubicin/cyclophosphamide, vincristine,
prednisone, and dacarbazine) regimen followed by
response-based residual node radiation (RNRT),
building on the GPOH-HD2002 experience that

Pediatric patients with Hodgkin lymphoma (HL) have a
long-term event-free survival (EFS) approximating 90%
and an overall survival (OS) of 98 %-99% with combined
modality therapy.!? Even for patients with high-risk
disease, the 5-year EFS ranges between 85% and
94%'3° following risk-adapted therapy using con-
solidative involved field radiation therapy (IFRT). Al-
though both chemotherapy and radiotherapy harbor
risks of late effects, the focus in most contemporary

pediatric trials has been to reduce radiation through risk
and response-adapted therapy while maintaining ex-
cellent cure rates.*® For the past 2 decades, our multi-
institutional consortium has attempted to build upon
well-established combination chemotherapy while
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achieved a 5-year EFS of 86.9% (SE 2.3%) in which all
participants with high-risk HL received IFRT (19.8 Gy).
Here, we report the results of HLHR 13, the first frontline
trial for pediatric patients with high-risk classical HL to
incorporate this targeted therapy.
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Brentuximab in a Pediatric HL Frontline Treatment Strategy

CONTEXT

Key Objective

To prospectively test the safety and efficacy of introducing targeted therapy (brentuximab vedotin [Al) into a well-established
frontline treatment regimen (OEPA/COPDac) for pediatric patients with high-risk (stages IIB, IlIB, and IV) classical
Hodgkin lymphoma.

Knowledge Generated

AEPA/CAPDac was well-tolerated and allowed for omission of radiotherapy in 35% of patients treated; the residual node
radiation volumes in patients requiring radiation were very small compared with historical controls sparing healthy
surrounding tissue. Only one patient relapsed (out of radiation field) and was successfully salvaged.

Relevance

Introduction of targeted therapy frontline in a response-adapted strategy yields excellent results and allows for tailoring of
radiation therapy in patients with an inadequate early response. These results warrant further prospective testing in an
effort to reduce long-term effects of therapy.

METHODS
Study Design and Participants

This study was a multicenter, investigator-initiated, single-
arm trial sponsored by Seattle Genetics (IND [#118603],
ClinicalTrials.gov identifier: NCT01920932), which en-
rolled patients at St Jude Children’s Research Hospital
(SJCRH), Stanford University Medical Center, Dana-Farber
Cancer Institute, Maine Children’s Cancer Program, Chil-
dren’s Hospital of lllinois in Peoria, and Massachusetts
General Hospital. Eligibility criteria included age 18 years
and younger with previously untreated Ann Arbor® stages
[IB, B, or IV and classical (CD30+) HL (full eligibility
criteria are provided in the Data Supplement, online only).
The trial was approved by the institutional review board of
each participating center and monitored by the SJICRH
Data, Safety, and Monitoring Board. Informed consent was
obtained as per institutional guidelines.

Procedures

Patients underwent protocol-required evaluations before
the initiation of chemotherapy. Staging assessments in-
cluded contrast-enhanced computed tomography (CT)
and/or magnetic resonance imaging (MRI) of the neck/
chest/abdomen and pelvis and ['8FIfluoro-2-deoxyglucose
positron emission tomography (PET/CT) scans.

Chemotherapy consisted of two cycles of AEPA—BYy, eto-
poside, prednisone, and doxorubicin—followed by four
cycles of CAPDac—cyclophosphamide, Bv, prednisone,
and dacarbazine (Table 1). Filgrastim was recommended
only for prolonged neutropenia to avoid chemotherapy
delays.

After AEPA cycles, patients underwent an early response
assessment (ERA) with PET/CT and contrast-enhanced CT
scan or MRI. Conformal type RNRT was delivered to in-
dividual lymph nodes without complete response (CR,
defined by PET Deauville 1-3 and = 75% reduction in
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product of perpendicular diameters) at ERA compared with
initial staging (full response criteria are given in the Data
Supplement). Lymph nodes achieving CR at ERA were not
irradiated, whereas those not achieving CR were targeted
on radiation simulation studies after completion of che-
motherapy, allowing further reduction in the targeted vol-
ume. A 1 cm margin was added to the target volumes. In
the case of a residual nodal conglomerate, the whole
conglomerate was targeted. Noncontiguous treatment
volumes were encouraged to further reduce normal tissue
radiation exposure. The prescribed dose was 25.5 Gy in 17
fractions of 1.5 Gy, 2-4 weeks after completion of che-
motherapy. Photon-based intensity-modulated radiation
therapy, 3D conformal approaches (in Gy), and proton
beam radiation (Gy for relative biological effect) were
allowed.

Follow-up evaluations occurred at scheduled intervals. CT
scans of previously involved sites were performed at 1 and 2
years off therapy. Relapse was confirmed by biopsy.

Outcomes

Primary objectives were to evaluate efficacy (percent in-
dividuals in complete remission at ERA) and to compare
EFS and OS with an historical control group treated with the
Stanford V (prednisone, nitrogen mustard, doxorubicin,
vincristine, etoposide, bleomycin, and vinblastine) regimen
used in a previous consortium protocol (HOD99).° An event
was defined as relapse, disease progression, second ma-
lignancy (excluding basal cell carcinoma), or death from
time of study enrollment to first event or censored at last
follow-up if a patient had no event.

Secondary objectives were to evaluate the safety of Bv in
the AEPA/CAPDac regimen in children with high-risk
classical HL by describing acute hematologic, neuro-
pathic, and infectious toxicities, according to the NCI
Common Terminology Criteria for Adverse Events (CTCAE),
version 4.0.1°

2277


https://www.clinicaltrials.gov/ct2/show/NCT01920932

TABLE 1. Chemotherapy Schedule and Doses

Metzger et al

Agent Dosage Route Schedule (Days) Max. Dose
AEPA X2 (cycle length 28 days)
(A) Brentuximab vedotin 1.2 mg/kg IV over 30 minutes 1,8, and 15 120 mg
(E) Etoposide 125 mg/m? IV over 1-2 hours 1-5
(P) Prednisone 60 mg/m?/d PO 1-15 (divided three times a day) 30 mg three times a day
(A) Doxorubicine 40 mg/m? IV over 1-6 hours 1 and 15
CAPDac X4 (cycle length 21 days)
(C) Cyclophosphamide 500 mg/m? IV over 60 minutes 1and 8
(A) Brentuximab vedotin 1.2 mg/kg IV over 30 minutes land 8 120 mg
(P) Prednisone 40 mg/m?/d PO 1-15 (divided three times a day) 20 mg three times a day
(Dac) Dacarbazine 250 mg/m? IV over 15-30 minutes 1-3
Filgrastim 5 mcg/kg SC As clinically indicated

Abbreviations: PO, per os (orally); SC, subcutaneous.

Exploratory objectives were to describe the means of Pain
Quality Assessment Scale (PQAS—description in the Data
Supplement) and subscales and to compare the ability of
proton-based radiation to spare adjacent normal tissues
compared with photon-based radiation. Using submitted
radiation treatment plans (CT planning study, target vol-
umes, and radiation dose distributions), photon and proton
treatment plans were compared with HOD99 (which in-
cluded treatment of classic involved fields based on initial
extent of disease) where dose of radiation delivered was
either 15 Gy or 25.5 Gy depending on whether a CR or
< CR was obtained at 8-week response evaluation. Thirty-
one patients had radiation treatment plans available for
comparison. The volume of tissue that received 95% of the
prescribed 25.5 Gy dose and the volume of tissue that
received 5 Gy, 10 Gy and 15 Gy were compared by
treatment study (current trial v HOD99) and modality
(proton- or photon-based radiation). The integral dose to
the patient (or total dose, calculated from the submitted
radiation treatment plans) and the mean doses to the heart,
breast (in female patients), and thyroid were compared.
The volume of nodal tissue requiring radiation was com-
pared by modality to see if there was a bias in the use of
proton beam radiation based on tumor volume.

Statistical Analysis

The proportion of patients in CR at week 8 (ERA) of Stanford
V chemotherapy on HOD99 was 17% (24 of 141). For the
first primary efficacy objective testing of the early CR rate, a
1-sample exact binomial design led to 32 patients to detect
a 20% increase in CR rate from 17% to 37% with 80%
power and one-sided 5% type | error. The study was
subsequently amended to enroll a total of 77 patients to
assess improvement in EFS distribution against patient
level data from HOD99 using a historical control design.!*
The design assumed a Weibull model for the historical data,
which included 141 subjects and 27 EFS events. Using a
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log-rank test with 10% type 1 error and 80% power, 77
patients were adequate to detect a hazard ratio of 0.4 with
an assumed accrual duration of 5-6 years and a follow-up
time of 2 years. The comparisons of radiation doses be-
tween the modalities were assessed by Student’s ttest. All
analyses were conducted with the use of SAS software,
version 9.4 (SAS Institute).

TABLE 2. Baseline Characteristics

Characteristic Patients (N = 77)

Age at enrollment, years (range)

Median 16 (6-19)
Sex, No. (%)

Female 39 (51)

Male 38 (49)
Race, No. (%)

White 50 (65)

Black 17 (22)

Asian 4 (5)

Others 6 (8)
Histology, No. (%)

Nodular sclerosing 59 (77)

Classical, NOS 11 (14)

Lymphocyte rich 4 (5)

Mixed cellularity 34
Stage, No. (%)

1B 13 (17)

1B 19 (25)

IVA 12 (16)

IVB 33 (43)

Abbreviation: NOS, not otherwise specified.
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Baseline characteristics and toxicities were summarized
with descriptive statistics (Data Supplement). The CR rate
based on the first 32 patients and its 90% and 95% exact
Cls were estimated. The CR of all 77 patients was compared
with the historical control with Fisher's exact test. The EFS
and OS were estimated with Kaplan-Meier estimator. The
comparisons of EFS and OS with the historical control were
assessed by log-rank test. For the safety analysis, summary
statistics are provided for all toxicities. The longitudinal
means of PQAS subscales are estimated and visualized.

Enrolled
patients
(n=77)

Early
response
evaluation

PET PET
negative positive
(n = 64) (n=13)

— |

CR No CR No CR
by CT by CT by CT
(n =27) (n=37) (n=13)

o

Prescribed
radiation
(n =50)

1 patient died
1 patient refused
radiation

Received
radiation
(n =48)

FIG 1. Diagram with response evaluation and radiotherapy allo-
cation. CR, complete response; CT, computed tomography; PET,
positron emission tomography.
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RESULTS
Patient Characteristics

The trial enrolled 77 eligible patients from August 8, 2013,
to July 9, 2018 (Table 2). The median (range) age at di-
agnosis was 16 (6-19) years; 51% were female, 65% White,
and 22% Black. The most common histology was nodular
sclerosing (77%), and most patients had stage IV (59%)
disease.

Response to Therapy

Patient demographics did not differ significantly between
HLHR13 and the historical control (Data Supplement)
by age (P = .248), sex (P = .778), race (P = .397), or
histology (P = .194). The historical control group enrolled
more patients with stage [IB (31% v 17%), whereas
HLHR13 enrolled more patients with stage IlIB (25% v
14%) and IVB (43% v 37%) (P = .046). Compared with
17% of patients in the historical control that achieved a
complete remission at ERA, 27 of 77 patients (35.1%; 95%
Cl, 24.5t0 46.8; P = .004) achieved CR after two cycles of
AEPA and finished therapy without radiation (Fig 1). Of 50
patients prescribed radiation, 37 (74%) achieved a met-
abolic CR at all sites in the absence of an anatomic CR to at
least one site and 13 (36%) achieved neither anatomic nor
metabolic CR at all sites. Radiotherapy was not delivered in
two patients as indicated because of death and refusal.

Outcome

EFS and 0S. With a median follow-up time of 3.4 years, the
3-year EFS and OS for HLHR 13 were 97.4% (SE 2.3%) and
98.7% (SE 1.6%), respectively (Fig 2), compared with
80.8% (SE 3.3%; P = .0008) and 96.5% (SE 1.6%;
P = .311), respectively, in the HOD99 trial (Data Sup-
plement). There were no events in the nonirradiated pa-
tients (25 of 77 patients). There was one biopsy-confirmed
treatment failure among irradiated patients, a 16-year-old
female with stage IlIB and bulky mediastinal disease who
relapsed within 3 months from end of therapy. This patient
received salvage therapy and remains disease free for = 6
years. An otherwise healthy 11-year-old male with stage IVB
disease who had not achieved CR at ERA died unex-
pectedly from fatal ventricular tachycardia during cycle 4 of
chemotherapy. Autopsy revealed noninfectious pancarditis
of undetermined etiology.

Safety. Therapy was well-tolerated and mostly limited to
low-grade nausea, vomiting, and constipation (Table 3).
The most common adverse events were hematologic,
particularly during the first two cycles. Two patients (2.6%)
required platelet transfusions; both patients received one
transfusion during the first cycle, and one patient also
during cycle 6 and radiation. Thirteen (17%) received
packed red blood cell transfusions; 19 (25%) received fil-
grastim during the first cycle (n = 8), second cycle (n = 7),
or both (n = 3) cycles. The median (range) duration of
filgrastim administration was 2.8 (1-8) days. Eight patients
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FIG 2. Three-year EFS 97.4% (SE 2.3%) and OS 98.7% (SE 1.6%).
EFS, event-free survival; OS, overall survival.

(10%) were hospitalized 12 times for febrile neutropenia and
nine during the first two cycles at a median (range) duration
of hospitalization of 2 (2-21) days.

There were seven (9%) cases of symptomatic osteonec-
rosis confirmed by imaging; three patients required core
decompression, one of whom required total hip arthro-
plasty. The weight gain > 20% over baseline occurred in
45% of patients.

Neuropathic and non-neuropathic pain was rare, with only
three (4%) grade 3 events. Of 26 adverse events related to
neuropathy, 12 occurred during the first two chemotherapy
cycles. The mean PQAS domain scores available for 64
patients across time did not exceed 2 on a 0-10 scale (Data
Supplement). Surface pain sensations (itchy, cold, numb,
sensitive, and tingling)'2 were reported most often at cycle
1, day 1 (mean 1.54 [SD 1.66]) and declined with sub-
sequent cycles. Deep pain sensations (aching, heavy, dull,
cramping, and throbbing) were reported most frequently
across all other cycles and after completion of therapy.

Radiation. The single treatment failure occurred at a site of
initial involvement but outside of the radiation field.

Volumetric radiation treatment plans were available for 47
of 48 patients (one patient received radiation at a nonstudy
site). Patients treated with RNRT had significantly lower
integral radiation dose compared with patients treated on
HOD99 with IFRT (78.1 J v 249.6 J, P < .001). These
significant differences were maintained when tissue ex-
posure was assessed based on volume of tissue receiving
5Gy(466Lv9.12L, P<.001),10Gy (292 L v7.94 L,
P < .001), and 15 Gy (1.86 L v6.99 L, P < .001) and
volume of tissue receiving 24.2 Gy, which was 95% of the
prescribed dose (0.80 L v 4.72 L, P < .001). Doses to
specific organs were also compared as the reduced RNRT
paradigm in the current trial allowed for improved normal
tissue protection compared with traditional involved fields
used in HOD99. The mean heart dose was reduced to
5.29 Gy from 16.9 Gy (P < .001), and the mean thyroid
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dose was reduced to 4.46 Gy from 25.9 Gy (P < .001). In
addition, there was a significant reduction in breast ex-
posure in the female population, where the RNRT para-
digm limited exposure to a mean breast dose of 3.21 Gy
compared with 6.85 Gy in HOD99 (P = .004).

In an exploratory analysis, we compared normal tissue
exposure in patients who received residual nodal radiation
with proton beam (n = 15; 31%) with those treated with
photon-based techniques. Patients treated with proton
beam received significantly lower integral radiation dose
compared with photons (Data Supplement: 36.7 J v97.5 J,
P = .002). This reduction in tissue exposure by proton
beam was also found for the volume of tissue receiving 5 Gy
(P=.002), 10 Gy (P=.013), and 15 Gy (P = .04). When
higher radiation doses were assessed (volume of tissue
receiving 24.2 Gy or 95% of the prescribed dose), there was
a nonsignificant difference by modality (P = .05). To assess
whether patients with larger residual tumor volumes might
have been preferentially managed with one modality, the
volume of gross residual disease requiring radiation therapy
was compared by modality and was not statistically different
(proton 93.5 mL v photon 155 mL, P = .28). Mean breast
dose in female patients was significantly reduced with
proton beam approach (0.5 Gy mean dose compared with
4.4 Gy, P = .004). There was a trend toward lower mean
heart dose among patients treated with protons versus those
treated with photons (4.0 Gy v 6.0 Gy, respectively, P=.12).
The mean thyroid exposure was reduced from 59 Gy
to 1.7 Gy with proton-based treatment (P = .05).

DISCUSSION

This is the first frontline trial for pediatric classical HL to
incorporate Bv into a well-established chemotherapy reg-
imen. The addition of brentuximab vedotin resulted in
superior EFS and OS for patients with high-risk (stages 1B,
[1IB, and IV) disease compared with previously published
pediatric trials. Our 3-year EFS of 97.4% (SE 2.3%) of
AEPA/CAPDac also compares favorably with outcomes on
the GPOH-HD2002 that reported a 5-year EFS of 86.9%
(SE 2.3%) and prescribed IFRT (19.8-35 Gy) to all sites in
all high-risk (TG3- IIgB, IlIgA/B, 1lIB, and V) patients.!
Although the EuroNet-C1 trial is not yet published, a late
interim analysis presented in 2016 reported a 4-year EFS of
86.8% for the TG3 group, of whom 67% received IFRT.13
The results of our study also demonstrate superiority to the
ECHELON-1 study, which randomly assigned adult patients
with stages Ill or IV disease to receive either 6 cycles of
ABVD or A + AVD, substituting the bleomycin with Bv. In
that study, the 2-year modified progression-free survival
(time to progression, death, or non-CR requiring subse-
quent anticancer therapy) was 82.1% (95% Cl, 73.7 to
80.4)1 with a cumulative anthracycline dose of 300 mg/m?
compared with 160 mg/m? on our trial.*®

Our study demonstrates that AEPA/CAPDac is well-tolerated,
although the single fatality observed is concerning and
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TABLE 3. Common Reported Toxicities
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Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6
(N=177), No. (%) (N =177),No. (%) (N=77),No.(%) (n=76),No.(%) (n=T76),No.(%) (n=76), No. (%)
Grade 2 34 2 34 2 34 2 34 2 34 2 34
Hematologic toxicity
Leukopenia 15(19) 49 (64) 28(36) 23(30) 8(10) 4 (5) 5 (6) 5 (6) 7 (9) 2(3) 1418 5(6)
Neutropenia 5() 62(@81) 13(17) 51(66) 7(9 10(13) 5(6) 3(4) 4 (5) 3(4) 8(10) 6(8)
Lymphopenia 15(19) 36(47) 18(23) 15(19) 9(12) 7 16(21) 15(19) 13(17) 22(29) 20 (26) 31 (40)
Anemia 23(30) 12(16) 28(36) 5(6) 6(8) 1(1) 6 (8) 0 4 (5) 1(1) 2(3) 1(1)
Thrombocytopenia 34 3 (4) 2(3) 1(1) O 2(3) 0 1(1) 0 1(1) 1(1) 2(3)
Infectious toxicity
Febrile neutropenia 0 6 (8) 0 3(4) 0 0 0 2(3) 0 1(1) 0 0
Mucositis 10(13)  2(@3) 6 (8) 40 O 0 1) 0 1() 0 1 0
Upper respiratory infection 5 (6) 2(3) 3 (4) 0 0 2(3) 0 0 0 0
Genitourinary infection 1(D) 0 1(D) 0 2(3) 0 1(1) 0 2(3) 0 0 0
Neuropathic toxicity®
Peripheral sensory neuropathy 0 0 1(1) 0 2 (3) 0 34 0 1(1) 0 1(1) 0
Pain in extremity 3 (4) 1(1) 4 (5) 0 1(1) 0 1 (1) 0 2 (3) 0 0 0
Neuralgia 1(1) 0 0 0 0 0 1(1) 0 0 0
Pain NOS 1(1) 1) 0 0 0 0 0 1(1) 1(1)

Abbreviation: NOS, not otherwise specified.
20One additional grade 2 toxicity was reported during radiation therapy and a grade 3 at the end of therapy.

warrants postmarketing toxicity monitoring of Bv. The epi-
sode of pancarditis was unexpected based on the patient’s
clinical history and the currently known toxicity profile of
OEPA/COPDac and Bv. Hematotoxicity occurred at similar
frequencies to that of OEPA/COPDac; however, grade 3
constipation, reported in 7.3% of patients receiving OEPA,
was not observed in HLHR13.! The ECHELON-1 study re-
ported peripheral neuropathy in 67% of adult patients re-
ceiving Bv (20% grade 2 and 11% grade 3 neuropathy) and
10% requiring discontinuation of Bv,'* possibly com-
pounded by the concomitant administration of vinblastine
and a higher prevalence of comorbidities that increase
adults’ vulnerability to neuropathy. Notably, we observed a
very low incidence of neuropathy (4%) by both clinician and
patient report, and no participants required Bv dose re-
duction or discontinuation.

The role of radiation for adults with advanced-stage HL is
controversial.'®!” Pediatric trials, however, endorse a
response-adapted combined modality approach for all risk
groups in an attempt to balance disease control and tox-
icity.? Response-adapted low-dose radiation has become a
hallmark of pediatric HL trials, although historically applied
in an all or nothing approach using involved fields, where
the patient qualifies for no radiation to any site (or only bulky
mediastinal masses) or radiation to all involved sites even if
only one site did not achieve the desired early response to
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therapy.2 The GPOH-HD95 trial omitted radiation in patients
achieving an anatomic remission after completion of che-
motherapy, leading to inferior outcome for intermediate- and
high-risk patients who did not receive IFRT.® The Children’s
Oncology Group trials have focused on increasing dose
intensity to achieve rapid early response and limiting radi-
ation to sites of initial bulky disease or sites with slow early
response.*'® Although elimination of radiation has been a
goal for many pediatric prospective trials, our previous and
current studies sought to evaluate the efficacy and reduction
in toxicity with a modified radiation target volume and de-
livery technique. In this trial, we implemented RNRT to
lymphatics not meeting response criteria. Using this ap-
proach, efficacy was maintained as evident in excellent EFS,
0S, and a pattern of treatment failure without marginal or
distant nodal recurrences. While maintaining efficacy, this
trial significantly reduced the volume of irradiated tissue 3-
fold compared with our previous trial, eliminated mandatory
radiation for bulky disease, and reduced normal tissue ex-
posures. Radiation volume reduction is a significant ad-
vantage for patients who do not achieve a favorable
response. To determine if further improvement in the
therapeutic ratio is possible, we compared patients who
received proton beam radiation or photon-based radiation.
Both organ-specific doses and general tissue exposures
were lower in patients treated with proton beam, which
resulted in a near 10-fold further reduction in mean breast
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exposure. Although the ultimate benefit for these patients will
be determined in the assessment of late toxicities and
second malignancies, the reduction in radiation exposure
suggests that this is possible.

In conclusion, AEPA-CAPDac was highly tolerable, facili-
tated reduction in radiation exposure, and yielded superior
3-year EFS and OS compared with previously published
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