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CLINICAL TRIAL
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Abstract The TARGIT-A Trial is an international randomized, prospective trial comparing intraoperative
radiotherapy (IORT) for equivalence to external beam
radiotherapy (EBRT) following lumpectomy for invasive
breast cancer in selected low-risk patients; early results
suggest that outcomes are similar. In addition to effectiveness data and cost considerations, the preferences of
patients should help inform practice. This study was
undertaken to explore and quantify preference in choosing
between IORT and the current standard, EBRT. Eligible
subjects were current or past candidates for breast-conserving surgery and radiation being seen at the University
of California, San Francisco Breast Care Center. A tradeoff technique varying the risk of local recurrence for IORT
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was used to quantify any additional accepted risk that these
patients would accept to receive either treatment. Patients
were first presented with a slideshow comparing EBRT
with the experimental IORT option before being asked
their preferences given hypothetical 10-year local recurrence risks. Patients were then given a questionnaire on
demographic, social and clinical factors. Data from 81
patients were analyzed. The median additional accepted
risk to have IORT was 2.3 % (-9 to 39 %), mean 3.2 %.
Only 7 patients chose to accept additional risk for EBRT;
22 accepted IORT at no additional risk; and the remaining
52 chose IORT with some additional risk. Patients weigh
trade-offs of risks and benefits when presented with medical treatment choices. Our results show that the majority
of breast cancer patients will accept a small increment of
local risk for a simpler delivery of radiation. Further
studies that incorporate outcome and side effect data from
the TARGIT-A trial clarify the expected consequences of a
local recurrence, and include an expanded range of radiation options that could help guide clinical decision making
in this area.
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Introduction
Allowing patients to choose between two non-equivalent
therapeutic options is common practice in breast cancer
treatment. In this setting patients are often making trade-offs
between risk of recurrence and quality of life. When considering what treatment options should be offered as the
field moves forward, the preferences of the patients, who are
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primary stakeholders, should be taken into consideration.
These preferences, along with clinical trial data and resource
considerations, should drive healthcare innovation.
In the case of early stage invasive breast cancer patients,
these women routinely choose between surgical options,
mastectomy or breast-conserving surgery. In the case of
breast-conserving surgery, patients and their physicians now
have choices about radiation therapy. For some, no radiation
treatment is an option. Recent 12-year data show that radiation therapy does not reduce overall survival of patients over
70 years of age with hormone-sensitive tumors if they are
treated with endocrine therapy alone [1]. However, radiation
following breast-conserving surgery reduces the risk of local
recurrence and for many, has a late impact on survival [2].
Most women have radiation therapy as a part of treatment.
Multiple radiation modalities exist, differing by duration of
treatment, side effects, cosmesis, convenience, and cost [3, 4].
When patients consider these options, the feasibility and
effectiveness of radiation treatments influence their choice for
radiation, and also whether or not they choose mastectomy or
breast-conserving surgery [5, 6].
Currently, external beam radiotherapy (EBRT) is the
standard of care for radiation therapy. Treatment requires a
3–6 week commitment from patients, who must go to a
hospital or radiotherapy center for a 10–15 min treatment
once every day, 5 days per week. Newer technologies, with
shortened delivery times, have opened up more treatment
options for patients [7–9]. One of these is intraoperative
radiotherapy (IORT), which has been shown to be safe and
effective in the TARGIT-A trial clinical trial [7]. This
mode of radiation therapy is delivered once, in the operating room at the time of the BCS, making radiation
therapy more feasible for many women.
At the time the TARGIT-A trial was initiated, a preference study was initiated to determine the trade-off results
that women might make for the convenience of a single
treatment delivery intraoperatively. The TARGIT-A trial
results reported in Lancet 2010 showed that the local
recurrence rate for IORT is 1.2 % at 4 years, as compared
to 0.95 % for EBRT [7].
The purpose of this study was to explore and quantify
preferences of patients using trade-off techniques if they
were given a choice between IORT and the current standard, EBRT.

surgery at the University of California, San Francisco
Breast Care Center. All participants provided informed
consent and ethical approval for this study was obtained
through the University of California, San Francisco’s
Committee on Human Research.
Study procedures
Patients were presented with a three-part presentation on
the computer: an introductory educational section about
EBRT and IORT; a preference elicitation section regarding
the risks of recurrence for either treatment; and a brief
survey about medical and personal history. The interviewer
sat with the patient throughout the presentation to answer
any questions that arose. Each section is described in detail
below.
Education section
The introductory section compared EBRT with IORT in
terms of procedures, cost to insurance, and possible side
effects. The methodology used was based on that used by
‘‘decision boards’’ [10]. The EBRT option was presented as
a regimen of 10–15 min of radiation daily, 5 days per
week, lasting 5–6 weeks, plus a CT scan and planning
session. The IORT option was presented as a new method
of radiation, consisting of a one-time dose given during
surgery and adding about 30 min to the time in the operating room. The cost of EBRT was presented as five times
greater than IORT, but it was stressed that this cost would
be covered by insurance. In terms of serious side effects,
both EBRT and IORT listed the extremely rare side effects
of damage to ribs, nerves, heart or lungs and radiationinduced cancers, while ‘‘unknown long term side effects’’
were used for IORT since long term results were unknown
at the time that the study was initiated. Delayed surgical
wound healing was also listed for IORT, in the less-frequent category, while fatigue and sensitivity to touch were
listed as possible EBRT side effects.
Originally, we presented a slide explaining that some
oncologists believe that a 4 % difference in the risk of local
recurrence results in a 1 % difference in the risk of mortality from the cancer. The purpose was to give context for
the impact of local recurrence. However, patients found
this part of the presentation confusing, and after patient 68,
we removed this section from the educational slides
section.

Materials and methods
Preference elicitation section
Study sample
Eligible patients included women who were current and
past candidates for radiation following breast-conserving
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Following the educational presentation, women were asked
to consider what their choice would be or would have been
if they were offered IORT. A trade-off technique was used
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Fig. 1 Example of an iconic
graph comparing the
hypothetical 10-year risk of
local recurrence for option A
(EBRT) and option B (IORT).
In this particular slide, the risk
of recurrence is equal for both
options (10 %)

to quantify the additional accepted risk that patients would
allow to undergo IORT instead of EBRT. Trade-off techniques have been developed as part of shared decisionmaking in the clinic, and to aid in assessing the distributions of patient preference for policymakers [10]. They
allow quantification of preferences even when the most
relevant risk probabilities are unknown [11]. The primary
endpoint was the patient’s switch point for when they
would no longer accept an additional accepted risk for
either given treatment. A hypothetical risk of 10-year local
recurrence was displayed graphically. An ‘‘iconic’’ graph
was used based on best practices for risk communication
[12, 13], with shaded figures representing the number of
patients out of 100 total patients who would develop a local
recurrence (see Fig. 1).
Patients were initially shown one of two possible slides.
The first stated that both forms of radiotherapy lead to a
10 %, 10-year risk of local recurrence, while the second
stated that EBRT leads to a risk of 10 % versus IORT’s
risk of 20 %. These two conditions were used to assess
whether the initial risk comparison had an effect on
patients’ switch points, in what has been described as the
‘‘shifting frame effect’’ among studies using trade-off
technique [11]. Subsequent trade-off slides incrementally
increased or decreased by 1 % the hypothetical rate of
recurrence associated with IORT until the subject’s preference changed—this was the switch point when the
patient would no longer accept a treatment with an additional accepted risk. After three outliers (additional
accepted risk 14, 34 and 39 %, respectively), the additional
accepted risk was capped at 10 %, since it was felt that it
approximated the absolute benefit of any radiation therapy
in this scenario.

Demographics
After patients’ switch points were recorded to determine
additional accepted risk values, a brief survey was
administered. Questions on the survey included age at
diagnosis, time since diagnosis, race, highest education,
working status (full or part time), primary caregiver status,
tumor grade, types of therapy received or anticipated
(chemo and/or hormone), and receptor status for estrogen
receptor (ER), progesterone receptor (PR), and HER2/neu.
Patients who had already received their radiation were
asked for time since diagnosis, ability to continue working,
type of treatment received (IORT, EBRT, or EBRT with
IORT boost), commute to radiation facility and degree of
radiation tolerance. This information was gathered to
analyze whether or not any of these factors were associated
with additional accepted risk.

Results and discussion
Data from 81 patients were collected. Patient characteristics are shown in Table 1. The majority of the women in
the study were between the ages of 46 and 60 at diagnosis,
had previously received radiation therapy, and had
unknown tumor status.
Patients overwhelmingly preferred the IORT option at
equivalent local recurrence risk (see Fig. 2). Only 7
patients would not choose IORT if recurrence risk were
equal to that of standard EBRT; 22 accepted IORT at no
additional risk, and the remaining 52 chose IORT with
some additional risk of having a local recurrence within
10 years. There were two outliers who accepted 34 and
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Table 1 Selected patient data
Characteristic

Number of
patients

Percentage of
patients (%)

B45

18

22.2

46–60

43

53.1

[60

20

24.7

Low

15

18.5

Intermediate
High

18
6

22.2
7.41

Age at diagnosis

Tumor grade

42

51.9

Previous radiation therapy

Unknown

60

74

Future radiation therapy planned

16

20

39 % additional risk with IORT. The median additional
accepted risk for IORT was 2.3 % (-9–39 %), the mean
additional accepted risk for IORT was 3.2 %, both well
over the observed additional risk IORT conferred over
EBRT in the TARGIT-A trial.
Age at diagnosis, and the time since diagnosis nor the
ability to continue working conclusively correlated with
the additional accepted risk for IORT (see Fig. 3). In
addition, there was no significant difference in additional
accepted risk based on the survey arm (whether trade-off
technique started with IORT 10-year local recurrence risk
at 10 or 20 %).
Limited data were collected from patients regarding the
following factors: commute time to the radiation facility
(n = 16), highest education (n = 21), race (n = 14), or
ER, PR, and HER2 status (n = 59, 37, and 47,
respectively).
The results of this study show that the majority of
patients would choose the presented IORT option at some
increased risk of local recurrence, and the median additional accepted risk was 2.3 %. This result falls within the
predefined non-inferiority margin of an absolute difference
of 2.5 % for the TARGIT-A trial. It is also much higher
than the observed difference in 4-year local recurrence
rates between IORT and EBRT in the TARGIT-A trial,
which was 0.25 %. Given the trial results and the median
additional accepted risk seen in our preference study, it is
clear that the majority of women would prefer the IORT
option.
The trade-off techniques used in this study have been
used with success in a pilot study measuring patient preference between EBRT and IORT among a largely rural
population in Western Australia [10]. Trade-off techniques
have also been used in several other settings where patient
values are of importance, and where the effect of a
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treatment is yet unknown [10, 14, 15]. Treatments are, after
all, for patients, and the trade-off technique can help gage
attitudes toward emerging treatment options.
It is estimated that half of health care consumption is
driven by physician and hospital supply, not by patient
need or demand [16]. Yet, consideration of patient preferences is critical in a patient-centered healthcare delivery
model. Studies show that empowered patients strongly
consider effectiveness, accessibility, and cost when evaluating treatment options [5, 6]. IORT aligns with these
patient preferences, and may especially appeal to particular
groups of women, such as those who are unable to accept a
regimen of EBRT due to physical, geographic, or psychosocial constraints, forcing them to opt for a mastectomy
as a local treatment even if they are good lumpectomy
candidates with a strong preference toward breast conservation. Women in this category have been offered IORT at
participating TARGIT-A trial centers as well as other
institutions that treat women deemed eligible for accelerated partial breast irradiation by the American Society for
Radiation Oncology (ASTRO) [17]. Even among women
for whom EBRT is logistically feasible, there is a significant psychological impact and fatigue associated with
protracted radiotherapy [18]. This has been worsened by a
relative scarcity of the resources needed to deliver EBRT
and corresponding increased waiting times in the context of
developed countries [11, 19]. In addition, reports also show
that, from a societal point-of-view, IORT is more cost
effective than EBRT [3].
Since this patient preference study closed, additional
reports have provided a more refined understanding of
several factors that might affect patient preference, such as
side effects, cosmesis, cost effectiveness, and quality-oflife. The information presented in the trade-off technique
slides during this study was relatively imprecise (‘‘more
frequent,’’ ‘‘less frequent’’ and ‘‘extremely rare’’). The
information that has since been gathered reports a higher
rate of seromas requiring more than three aspirations for
IORT, and higher rate of Radiation Therapy Oncology
Group grade 3 or 4 toxicities in the EBRT group [7].
Similarly, the ‘‘extremely rare’’ but serious side effects of
damage to ribs, nerves, heart or lungs were listed as the
same for both modalities in this study, even though there is
now an evidence that IORT significantly decreases radiation delivered to tissue outside the breast [20]. Cosmetic
outcome was largely omitted in the trade-off technique
slides, even though a small TARGIT sub-study, showed
cosmetic outcome to be superior for IORT [21]. These
factors favor IORT over EBRT from the patient
perspective.
Other studies of patient preference also indicate a
preference for IORT. In one study that presented various
modalities of radiation such that the side effects and
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Fig. 2 The additional risk of local recurrence patients accepted to
receive IORT over EBRT

efficacy were equal for all, patients preferred options that
were shorter and less invasive [22]. Another study in
Western Australia evaluated the specific preference for
IORT versus EBRT by querying TARGIT-A participants
who were assigned to either treatment. The majority of
women would choose IORT over EBRT when the risk of
recurrence for IORT was equal to or greater than the risk of

EBRT (98 % of patients assigned to IORT preferred IORT;
58 % of trial participants assigned to EBRT chose IORT)
[21].
Still, further studies are needed to help guide policy in
this area, especially to determine the most impactful factors
on an individual’s preferences and additional accepted risk.
Investigators should consider the timing of patient’s participation with respect to their overall treatment plan, as it
may influence the patient-reported preferences. Corica
et al. found that, when querying patients who have already
been randomized to IORT or EBRT, patients tended to
favor their allocated treatment [23]. Studies should be
powered to determine if any social, demographic or clinical
factors correlate with a higher additional accepted risk. In
addition, the tools of utility analysis may be used alongside
patient-level preference data as randomized trial data
solidify probabilities of treatment outcomes [10].
A drawback of our study was that patients were given an
ambiguous picture of the impact of local recurrence on
survival, and the consequences in terms of additional
treatment were not systematically discussed. Since it is
likely that there will be a difference in the rate of local
recurrence for at least some cohort of patients to receive
IORT, a clearer explanation of how this relates to

Fig. 3 Factors that did not significantly impact additional accepted risk for IORT
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probabilities of overall survival and the need for additional
treatment should be systematically discussed in future
preference studies, and eventually informational materials
for shared decision-making.
Patients should be offered the range of appropriate
options for local therapy. Radiation therapy options include
modalities of radiation not discussed in this study,
including 3-week delivery of EBRT as laid out in the
START B regimen, IORT and EBRT, and no radiation in
the case of women over 70 years old with hormone sensitive-tumors [1, 24]. The results of this study show that the
majority of patients who choose to undergo radiation
therapy are willing to accept some degree of uncertain side
effects and elevated risk of local recurrence to receive
radiation delivered as a single intraoperative dose. The
degree to which different cohorts of patients would actually
need to accept additional risk of local recurrence remains
to be seen, but the preliminary TARGIT-A trial data show
promise for IORT equivalence to EBRT in selected lowrisk patients. Given this, it is reasonable to conclude that
certain low-risk patients would prefer IORT if offered as an
informed choice in routine practice.
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