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ABSTRACT

Introduction. This project sought to compare patient-reported out-
comes between patients who received intra-operative radiation therapy
(IORT) and those who qualified for IORT but received whole-breast
external beam radiation therapy (EBRT) following breast-conserving
surgery (BCS).

Methods. Three scales from the BREAST-Q Breast Cancer BC'T
Module Version 2.0 questionnaire were used to collect patient-report-
ed outcomes regarding post-operative physical well-being of the chest,
post-operative satisfaction with breast cosmesis, and post-operative
adverse effects of radiation.

Results. Patients who received EBRT travelled farther on average
than patients who received IORT to complete treatment. Respondents
who received IORT reported better physical well-being of the chest
than those who received EBRT. Regression revealed that the respon-
dent’s age was the determining factor in the difference between IORT
and EBRT post-operative physical well-being scores, where younger
patients report poorer well-being. There was no difference in patient-
reported outcomes regarding post-operative satisfaction with breast
cosmesis or adverse effects of radiation.

Conclusions. Patients who received IORT reported better physi-
cal well-being of the chest than patients who received EBRT. There
appeared to be a relationship between age and physical well-being of
chest. This study suggested that there was no difference in patient-
reported outcomes concerning post-operative satisfaction with breast
cosmesis or post-operative adverse effects of radiation between
patients who received IORT and those who received EBRT.
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INTRODUCTION

In 2015, there were approximately 3,418,124 women living in the
United States with breast cancer.! In 2019, approximately 268,600
new cases were diagnosed, and 41,760 U.S. women died due to breast
cancer-related complications.? Among Kansans, an estimated 2,420
women were diagnosed with breast cancer in 2019, and 350 died due
to breast cancer-related complications.

Since the 1990s, breast-conserving therapy (BCT), a combination
of breast-conserving surgery (BCS) and radiation therapy (RT), has
been the preferred treatment for patients with breast cancer.? Tradi-
tional whole-breast external beam radiation therapy (EBRT) has been
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the primary form of RT following BCS. Adjuvant EBRT involves the
patient receiving treatment at a radiation oncology center five days a
week for three to six weeks. Up to 21% of patients who undergo BCS
do not complete the prescribed RT;* and failure to complete RT is
associated with higher mortality and a 25% relative increase in local
recurrence.”® Those least likely to complete this therapy included
patients who are African American, resided in a rural community, or
were single.” In addition, travel burden, adverse effects of treatment
(e.g., fatigue, rib fractures, arm lymphedema),® and the complex mul-
tidisciplinary nature of breast cancer treatment likely contribute to
failure of completion of adjuvant EBRT?*

In 2000, intra-operative radiation therapy (IORT) was introduced,
a technique that uses a targeted, one-time, high-dose RT performed
concurrently with BCS for low-risk patients.”!” Two randomized
control trials, TARGIT-A and ELIOT, suggested IORT is non-inferior
to EBRT in terms of local recurrence risk for low-risk patients.*' To
be considered for IORT, the patient’s tumor profile must fit the follow-
ing criteria: estrogen receptor (ER) positive, human epidermal growth
factor receptor 2 (Her2) negative, size less than 2 cm on pre-operative
imaging, negative lymph nodes,"! and no evidence of ductal carcinoma
in-situ (DCIS) or invasive lobular carcinoma on initial core biopsy.'
The overall toxicity profile was lower for IORT patients, and quality-
adjusted life-years were improved among IORT patients compared to
EBRT patients.*™* IORT patients reported excellent outcomes but
did not offer comparison to EBRT patients.”” Another study suggested
TORT patients reported less general pain and better societal role func-
tioning than EBRT patients,'® and a third suggested IORT patients
reported fewer breast symptoms and body image concerns than EBRT
patients."” A lifetime cost-effectiveness analysis suggested [ORT was a
more valuable strategy than EBRT and was preferential among low-
risk patients.'®

IORT has a higher risk of ipsilateral breast tumor recurrence com-

1950 it is essential to stratify

pared to EBRT if used inappropriately,
patients based on risk of local recurrence and metastases before choos-
ing this strategy.!? Post-operative discovery of predefined factors (e.g.,
positive sentinel node) could result in the addition of EBRT (expected
for approximately 15% of patients);"” in this situation, IORT serves as a
tumor bed boost dose and has been demonstrated to further lower the
risk of local recurrence."

More research is needed regarding the comparison of patient-
reported outcomes based on RT type IORT versus EBRT), including
post-operative satisfaction with breast cosmesis, post-operative phys-
ical well-being of the chest, adverse effects of radiation, and travel
burden. This project sought to compare patient-reported outcomes
between patients who received IORT and patients who qualified for
IORT but received EBRT.

METHODS
Participants. All [ORT-eligible patients of three Wichita-area
surgeons from May 1, 2017 through April 17, 2019 were considered
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for this study. Inclusion criteria were women 50 years or older with
tumors that were ER-positive, Her2-negative, size less than 2 ¢cm on
pre-operative imaging, and without identification of DCIS or invasive
lobular carcinoma on initial core biopsy. No incentive was provided for
participation in this study. This case-control study was approved by
the Human Subjects Committee at the University of Kansas School of
Medicine-Wichita.

Instruments. Office staff at participating clinics used ICD-10 codes
(19294, 19297, and 19301) to identify eligible patients within their
respective electronic health records (EHRs). The abstracted variables
included patient identifiers (e.g., name, address, phone number, date of
birth, medical record number), patient demographics (e.g., race, insur-
ance coverage), tumor information (e.g., ER and Her2 status, size), and
therapy details (e.g., IORT vs. EBRT, date of surgery). Study data were
collected and managed using REDCap” electronic data capture tools
hosted at the University of Kansas Medical Center.?

Assurvey was developed to collect patient-reported outcomes includ-
ing breast satisfaction, adverse effects of radiation, and travel burden.
The survey included questions from the BREAST-(Q) Breast Cancer
BCT Module Version 2.0 questionnaire,” as well as additional ques-
tions created by the research team, all of which used Likert scales.

The BREAST-Q has been used since 2009 to collect meaningful
and reliable data regarding patient-reported outcomes.?>* Three scales
from the BREAST-Q BCT module were used to assess outcomes at the
time of the survey. The first scale included 11 questions about post-oper-
ative satisfaction with breast cosmesis (e.g., appearance when clothed,
breast shape when wearing a bra, feeling normal in clothes, being able to
wear fitting clothing, how the breast sits/hangs, how smoothly shaped
the breast looks, the contour of the breast, whether breasts are equal
in size, how normal the breast looks, whether breasts look the same,
and appearance when unclothed). The second scale included nine
questions about post-operative physical well-being of the chest (e.g.,
difficulty lifting or moving arms; difficulty sleeping because of breast
discomfort; tightness, pulling, tenderness, sharp pain, or aching feeling
in the breast area; difficulty lying on the side of lumpectomy breast; or
swelling of the arm (lymphedema)). The third scale included six ques-
tions about post-operative adverse effects of radiation at the time of
the survey (e.g., amount of bother from breast skin looking different,
marks on breast skin caused by radiation, radiated breast skin feeling
dry, radiated breast skin feeling sore/sensitive when touched, radiated
breast skin feeling unnaturally thick, and radiated breast skin feeling
irritated by clothing). Additionally, the authors modified these ques-
tions to assess adverse effects at the time of RT (n = 6) to address the
discrepancy regarding time since surgery among patients in the nearly
two-year study period. An additional eight of questions addressed
complications related to RT. Participants were asked to provide the
geographic location of their RT, the number of weeks they received RT,
and the number of days per week they received RT.

)

Procedures. Case sample size was limited to the 23 patients

receiving [ORT from May 1, 2017 through April 17, 2019. All patients
who qualified for IORT but instead received EBRT during the same
time period were identified as possible controls. These patients were
matched to the IORT study arm by age and surgeon, then randomized,
using a random number generator to create a control arm of equal size.

After the study and control arms were established, patients were
called and invited to participate in the study. A maximum of three
attempts were made, including voicemails. Upon agreement to partici-
pate, patients were given the option to complete the questionnaire over
the phone, through the mail, or through an online survey. A REDCap”
database was used to log completed calls and collect additional infor-
mation (e.g., best time to call, current mailing address, e-mail address).
All participants gave informed consent.

Likert scale responses to the BREAST-(Q) were summed and con-
verted into an equivalent Rasch-transformed score (0-100). Higher
equivalent Rasch-transformed scores reflect a better outcome. To
determine travel burden, the roundtrip distance from each patient’s
home address at the time of BCT to the patient’s radiation oncology
center was calculated using Google Maps.™* The shortest roundtrip
route was recorded in miles as the patient’s travel distance. The travel
distance was multiplied by the number of radiation treatments com-
pleted to determine the total number of miles traveled for RT.

Statistical Analysis. SAS version 94 was used to generate descrip-
tive statistics for nominal, categorical, and continuous variables (SAS
Int. Inc., Cary, NC). Prior to data analysis, outcomes were tested
for normal distribution using Shapiro-Wilk’s method. Comparisons
across the two groups were made using t-tests and analysis of variance
(ANOVA) tests for normally distributed variables. For non-normal dis-
tribution with appropriate transformation operations, non-parametric
approaches such as Mann-Whitney U test and Kruskal-Wallis test were
conducted. Data were reported as frequencies, percentages, means,
standard deviations, observed t’s, I and Likelihood Ratio Chi-square
values, and corresponding significance levels (p).

Multiple linear regression was used to model the relationship
between post-operative physical well-being, and immediate adverse
effects of radiation with age, tumor size, RT type, and durgeon by fitting
a linear equation to observed data. All statistical tests at p < 0.05 were
considered significant.

RESULTS

Ofthe 155 women who had BCS during the study time period, 54.8%
(n = 85) were excluded due to not meeting IORT criteria (Figure 1).
The 70 remaining patients were given the option to choose IORT or
EBRT based on their preferences. Of the 70 patients who were can-
didates for IORT based on their tumor characteristics, 32.9% (n =
23) received IORT (identified from ICD codes 19294 and 19297) and
were invited to participate by completing a survey. Those who received
EBRT during the same period (67.1%, n = 47) were matched to the
study arm and invited to participate (n = 22). One patient declined
participation, one was ineligible as she was undergoing chemotherapy
prior to radiation, and 10 did not respond. Six participants elected not
to undergo RT (five EBRT and one IORT due to technical difficulties)
and were not asked to complete the survey. Altogether, 27 of the 45
surveys were returned, for a response rate of 60%.



One patient who received IORT had positive margins and sub-
sequently underwent 25 EBRT treatments; she was included in the
analysis of the IORT group on an intent-to-treat basis. This singular
exception representing 6% of the IORT group remains well below the
expected 15% of patients who require addition of EBRT after [ORT.!

Participants ranged from 51 to 81 years, with a mean age of 64.0
years (SD = 6.8). Caucasians accounted for the majority of the popula-
tion (94% of IORT participants and 100% of EBRT participants, n =
27; Table 1). Most IORT patients were insured by Medicare (83%, n =
15), and the largest insurer of EBRT patients was Blue Cross and Blue
Shield of Kansas (44%, n = 4). Table 2 provides an age comparison by

radiation therapy type.

/Patienis ineligible for IORT (n = 85)
DCIS (n= 38)

Over-expression of Her2 (n = 12)
ER/PR negative (n = 13)
Invasive lobular carcinoma (n = 9)
Inconclusive pathology/ “general
mammary disease™ (n=2)
Tumors > 2em (n=T7)

e Deceased (n=1)

* Duplicates (n= 3)

Eligibility criteria: Patients with partial
mastectomy/lumpectomy during study
period (n = 135) .

- s 8

/

Patients who qualified for IORT
(n=70)

o Patients who received [ORT were
invited to participate (n = 23)

* Patients who received EBRT (n = 47)
were matched to study arm and
invited to participate (n = 22)

Survey not administered (n = 18)
Declined survey (n = 1)
Pre-RT Chemotherapy (n=1)

] No response (n = 10)

Declined RT (n = 6)

Patient data included in analysis
(n=27)

Received
EBRT (n=9)

More participants who received IORT (11.8%, n = 2) reported
being bothered “a lot” by the necessity to limit work or activity than
those who received EBRT (0%, n = 0), ¥*(3,n = 27) = 89,p = 0.03. The
number of respondents who required additional therapies to address
the side effects of their radiation therapy (e.g., topical moisturizers) was
greater among those who received EBRT (22.2%, n = 6) than those who
received IORT (74%, n = 2),%*(1,n = 27) = 704, p < 0.01.

Of the four BREAST-Q) scales used, only post-operative physical
well-being equivalent Rasch-transformed scores were associated with
RT type (Table 3). Respondents who received IORT reported better
physical well-being of the chest (mean = 86.2) than those who received
EBRT (mean = 664),7 = -1.73,p = 0.05.

Received IORT
(n=18)

Figure 1. Flow diagram.
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Table 1. Participant demographics.

IORT EBRT
Frequency | % | Frequency| % p value
Age 0.25
50 - 59 years 2 11% 3 33%
60 - 69 years 11 61% o 67%
70 - 79 years 3 17% 0%
80 years or older 2 11% 0%
Race 047
White/Caucasian 17 94% 9 100%
Ethnicity 0.29
Yot Hispanic or 16 89% 9 100%
Hispanic or Latino 2 11% 0 0%
Insurance 0.01
Medicare 15 83% 2 22%
Shield of Kansas 0 |om| 4 | a4a%
Aetna 1 0% 1 11%
Miscellaneous 1 6% 0 0%
United Healthcare 1 6% 1 11%
Ascension 0 0% 1 11%
Table 2. Age comparison by radiation therapy type.
RT type N 1\%;::1‘2;,5& SD | Median Q:aa;:‘;ge p value
IORT 18 66.0 7.1 67.2 47 0.008
EBRT 9 61.5 5.2 619 74

Table 3. Comparison of BREAST-(Q) mean equivalent Rasch-trans-
formed scores between IORT and EBRT participants.?

BREAST-Q Scale IORT (SD) | EBRT (SD) | p value
Post—op satisfaction with breast 859 (164) | 705268 010
cosmesis

Post-op physical well being: Chest | 86.2 (19.0) | 664 (30.9) 0.05
Post-op adverse effects of . .

radiation at treatment time 88.2(16.0) 84:0(9.3) 018
Post-op adverse effects of o oo

radiation at survey time 847(238) | 82.2(28.0) 049

*Higher equivalent Rasch-transformed scores denote better outcome.
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Table 4. Questions included in the BREAST-(Q Version 2.0 for
Physical Well-Being: Chest.

In the past week, how often have None of | Someof | Allof
you experienced: the time | the time | the time
a. Difficulty lifting or moving your 1 9 3
arms? ‘
b. Difficulty sleeping because of .

. LY . 1 2 3
discomfort in your breast area?
¢. Tightness in your breast area? 1 2 3
d. Pulling in your breast area? 1 2 3
e. Tenderness in your breast area? 1 2 3
f. Share pains in your breast area? 1 2 3
g. Aching feeling in your breast area? 1 2 3
h. Difficulty laying on the side of your

1 2 3

lumpectomy breast?
i. Swelling of the arm (Iymphedema)
on the side(s) that you had your breast 1 2 3
surgery?

All patients who received IORT (100%, n = 18) were insured by
companies that cover IORT (e.g., Medicare, UnitedHealthcare),
whereas 44% (n = 4) of those who received EBRT were insured by
companies that cover IORT, ¥*(1, n = 27) = 12.3, p < 0.01. More patients
who received EBRT (18%, n = 6) did not complete RT as prescribed by
their physician. One patient who was prescribed IORT (3%) did not
receive her treatment due to equipment malfunction, and she there-
after elected not to complete EBRT, ¥*(1, n = 33) = 6.19, p = 0.01. The
average age of patients who elected to forgo EBRT was 65.7 years.

For all patients, the median total travel distance to complete RT was
100 miles, with a mean of 598 miles (SD = 1778.39) and a range of
three to 9,520 miles. Participants who received EBRT travelled farther
(mean = 1351 miles + 2783.52) than participants who received IORT
(mean = 138 miles + 247), Z = 2.99, p < 0.01 to complete treatment.

Age, tumor size, RT type, and surgeon explained the 39% variability
in post-operative well-being of chest. After adjusting for tumor size,
RT type, and surgeon, only age (B = 1.93, SE = 0.64,t =299 and p =
0.007) was associated significantly with this variability, with younger
patients reporting poorer well-being, I(4,22) = 348, p = 0.02, R* = 0.39.
Though the model was not significant (IF(4,22) = 1.14, p = 0.36), imme-
diate adverse effects of radiation as defined by the Rasch-transformed
score were associated solely with the participant’s age (p = 0.05).

DISCUSSION

The current study suggested that IORT patients reported better
post-operative physical well-being than EBRT patients. This was an
expected outcome as IORT has minimal chest wall and pulmonary
radiation exposure. While tangential beams are used with EBRT, often
the physical shape of the chest wall requires inclusion of the underlying
ribs, superficial lung, and more rarely, portions of the anterior aspect of
the heart within the treatment fields to deliver dose to all of the breast
tissue adequately. There are well-documented secondary effects of this

73

potential exposure of these organs.>+*

There were no differences between patients who received IORT or
EBRT in post-operative satisfaction with breast cosmesis or post-oper-
ative adverse effects of radiation. This was consistent with one study
which suggested that IORT patients have a comparable quality oflife to
EBRT patients,” but inconsistent with another study which suggested
that IORT patients reported better quality of life than EBRT patients."
This variability may be due to the different tools used to assess patient-
reported outcomes; other studies have used the European Organization
for the Research and Treatment of Cancer (EFORTC) Quality of Life
Questionnaire-Core 30 and Breast 23 (QLQ-C30 and BR23)."'” The
current study used the BREAST-Q) because the scales were more spe-
cificto the adverse effects of radiation, which was more pertinent to the
research question, and fewer questions were included, requiring less
time commitment for participants.

The current study suggested that fewer women who are prescribed
adjuvant EBRT complete their RT than those who are prescribed
IORT. Participants reported a mean difference of 1,000 miles of trav-
eling between EBRT and IORT patients to complete RT. This was
consistent with previous studies that reported that travel distance to
a radiation center was inversely related to prescribed RT receipt.°
If a woman is not willing to undergo radiation, she often will select a
mastectomy over driving that many miles and potentially losing her
job (according to participating surgeons, email communication, August
2020). A previous study suggested one-step IORT is associated with
an advantage in work resumption.?” This is particularly relevant in a
state such as Kansas with concerns surrounding rural patients’ access
to treatment. Among the 18% of EBRT patients in this study who
chose not to receive adjuvant EBRT after surgery, the average age was
05.7 years. Patients aged 70 and over are typically not offered EBRT,
however, particularly healthy patients in this age range may be con-
sidered for IORT as a single dose may be considered more reasonable.
Tt also should be considered that a one-time visit rather than multiple
appointments limits possible SARS-CoV-2 exposure for patients.

The current study suggested that IORT recipients were bothered “a
lot” by the necessity to limit work or activity at the time of their treat-
ment, more than EBRT recipients. The wording of this question may
have been confusing as to whether patients were bothered by travel,
radiation, or post-operative restrictions. This likely was motivation for
the patient choice for a single dose of radiation (IORT) over multiple
trips to a radiation center (EBRT) over many weeks in a rural state.

The current study suggested that the number of respondents who
required additional therapies to address the side effects of their RT
(e.g., topical emu oil, Cetaphil® lotion) was greater among those who
received EBRT. When given the option (i.e., their insurance covers the
treatment), the current study suggested that women will choose [ORT
over EBRT. This was consistent with a previous study that indicated
that patients chose IORT, and they were willing to travel for it.*® The
current study showed that women who receive EBRT travel farther
was consistent with a previous study done in the UK correlating the
greater distance with more time travelled and higher CO, emissions.*
IORT’s one-time nature could ease treatment burden on patients sub-
stantially, particularly those who live in rural areas and must travel long



distances to the nearest radiation oncology center for repeated EBRT
treatments.

Limitations. Recall bias may have contributed to participants’
responses regarding adverse effects of radiation at the time of surgery,
further amplified for participants who had surgery at the beginning of
the study period. Sample size was limited by the number of patients
who received IORT. Risk-adapted criteria necessarily limited the
patient pool, as only 45% of BCS patients were considered eligible
for IORT. Whereas 78% (18/23) of IORT patients responded to the
survey, only 41% (9/22) of EBRT patients responded. This discrepancy
further limited the comparison of the data. The small sample size also
can be attributed partly to some private insurers considering IORT
to be experimental or investigational. In this study, only 32% (23/70)
of IORT-eligible patients had insurance coverage for IORT. Most of
the surveyed patients who qualified for IORT but received EBRT had
insurance through Blue Cross and Blue Shield of Kansas (54.5%, n
=12), the largest insurance carrier in Kansas. Medicare and private
insurers in several states have concluded that IORT is reasonable and
medically necessary for suitable patients and cover this treatment.*-*2

CONCLUSIONS

Most patients who had insurance coverage for IORT chose IORT
over EBRT. This study showed that patients who received EBRT
travelled farther on average than patients who received IORT to com-
plete treatment. Patients who received IORT reported better physical
well-being of the chest than patients who received EBRT. There was
no difference in patient-reported outcomes concerning post-opera-
tive satisfaction with breast cosmesis or adverse effects of radiation
between patients who received IORT and those who received EBRT.
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