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A B S T R A C T

Introduction: With advances in treatments among patients with lung cancer, it is increasingly important to un-
derstand patients’ values and preferences to facilitate shared decision making.
Methods: Prospective, multicenter study of patients with treated stage I lung cancer. At the time of study par-
ticipation, participants were 4–6 months posttreatment. Value clarification and discrete choice methods were
used to elicit participants’ values and treatment preferences regarding stereotactic body radiation therapy
(SBRT) and surgical resection using only treatment attributes.
Results: Among 114 participants, mean age was 70 years (Standard Deviation=7.9), 65% were male, 68 (60%)
received SBRT and 46 (40%) received surgery. More participants valued independence and quality of life (QOL)
as “most important” compared to survival or cancer recurrence. Most participants (83%) were willing to accept
lung cancer treatment with a 2% chance of periprocedural death for only one additional year of life. Participants
also valued independence more than additional years of life as most (86%) were unwilling to accept either
permanent placement in a nursing home or being limited to a bed/chair for four additional years of life.
Surprisingly, treatment discordance was common as 49% of participants preferred the alternative lung cancer
treatment than what they received.
Conclusions: Among participants with early stage lung cancer, maintaining independence and QOL were more
highly valued than survival or cancer recurrence. Participants were willing to accept high periprocedural
mortality, but not severe deficits affecting QOL when considering treatment. Treatment discordance was
common among participants who received SBRT or surgery. Understanding patients’ values and preferences
regarding treatment decisions is essential to foster shared decision making and ensure treatment plans are
consistent with patients’ goals. Clinicians need more resources to engage in high quality communication during
lung cancer treatment discussions.

1. Introduction

Among those with early stage lung cancer, the primary focus of
treatment is to improve survival while maintaining quality of life
(QOL). However, these aims are not always congruent. Among long-

term cancer survivors, patients with lung cancer scored lowest in health
care utility (i.e., worst QOL) with reduced physical ability and de-
pressive symptoms, [1] factors known to reduce survival [2,3]. Among
patients with lung cancer five years after treatment, significant
symptom burden persisted and more than one-third reported a sig-
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nificant decline in QOL following treatment [4]. QOL was also sub-
stantially reduced two years after surgery among those with non-small
cell lung cancer (NSCLC) [5]. Preservation of QOL is important when
considering treatment options, especially among older patients, whose
underlying comorbidities and disabilities can be exacerbated as they
often experience a significant decline in QOL or independence fol-
lowing treatment [6]. These considerations are particularly salient
among those diagnosed via lung cancer screening, as screening guide-
lines include octogenarians [7].

Shared decision making (SDM) is an approach where clinicians and
patients engage in a discussion that incorporates information exchange
and patients’ values/preferences are elicited to reach a medical deci-
sion. Lung cancer screening guidelines are unique, compared to other
Medicare cancer screening guidelines, as SDM is a requirement for re-
imbursement [8]. Patient participation in medical decision making is
more widely advocated in the current medical climate than ever before
[9–12]. SDM is particularly important in decisions regarding cancer
treatments as they often involve significant trade-offs between potential
benefits (e.g., survival) and harms (e.g., reduced QOL) where the “best”
choice is sensitive to patients’ values and priorities. Additionally, pa-
tients with cancer desire active roles in treatment decision making
[13–15].

Surgery is the current “standard of care” among those with early
stage NSCLC [16] as it is associated with improved 5-year survival
when retrospectively compared to stereotactic body radiation therapy
(SBRT) [17]. However, in practice, a sizable percentage of patients are
non-operable due to high perioperative mortality risk related to ad-
vanced age and/or comorbidities [18–22]. Determining an acceptable
surgical mortality cut-off is arbitrary and when surveyed, lung cancer
specialists disagree about the evidence regarding treatment of early
stage NSCLC [23]. Even among operative candidates, thoracotomy is
associated with complications in up to 31% of patients [24], including
perioperative mortality (i.e., death within 90 days of surgery) 2–3 times
higher than SBRT [17,25]. Surgical risks may be reduced with less in-
vasive approaches such as video-assisted thorascopic surgery (VATS)
[24,26]. Three separate trials of surgery versus SBRT closed early due to
low recruitment, but pooled analyses of two trials suggested improved
recurrence-free and overall survival at three years with SBRT [27]. As a
result of insufficient clinical evidence and potential risks, clinical
equipoise between SBRT and surgery exists for many patients diagnosed
with early stage disease.

When equipoise exists, choosing the best treatment should depend
more on the values and preferences of patients [28]. Therefore, it is
increasingly important to elicit and understand patients’ values and
treatment preferences in order to engage in high-quality SDM re-
garding lung cancer treatment. In the present study, we sought to
determine the values and preferences, regarding SBRT and surgical
resection, among patients with early stage lung cancer. Specifically,
we used value clarification, standard gamble and discrete choice ex-
periment methods to examine decision-making. We hypothesized pa-
tients would value QOL and survival highest, and there would be a

high degree of self-reported treatment discordance related to deci-
sional conflict, the quality of clinician communication and health-re-
lated QOL.

2. Methods

This was a prospective, observational, multicenter study of patients
with pathologically or clinically confirmed stage I NSCLC treated at
health centers in the U.S. Pacific Northwest representing academic and
community-based medical centers: Veterans Affairs (VA) Portland
Health Care System, Oregon Health & Science University, Legacy
Health; Providence Health & Services, Peace Health, Tuality Healthcare
and Kaiser Permanente. All centers provide comprehensive, multi-
disciplinary lung cancer treatment for patients with early stage disease
including SBRT and surgical resection. We conducted this study at
participants’ 4–6-month follow-up survey following receipt of lung
cancer treatment (i.e., either SBRT or surgery), as part of a larger
longitudinal study [29].

Participants were asked a series of questions, by trained research
assistants using a standardized guide, pertaining to their values and
decision making regarding cancer treatment. Participants were eli-
gible at baseline, before they received cancer treatment, if they were
considered for curative treatment of clinical stage I NSCLC, with a
plan for SBRT or surgical resection. The treatment received was based
on the treating clinicians’ recommendations; in general, participants
who were considered inappropriate operative candidates for surgical
resection were referred for SBRT. Participants who scored less than
17/30 on the St. Louis University Mental State Examination (SLUMS)
[30], indicating severe cognitive impairment, were excluded. Survey
Flesch-Kincaid reading level was grade 7.5 (a level of grade 8 ensures
content can be read by 80% of Americans) [31]. For this study, we
limited the sample to participants who received SBRT or surgical re-
section. Other exclusions were non-English speakers, a lung cancer
history within 5 years, or history of severe, uncontrolled schizo-
phrenia, dementia, or severe hearing impairment. All surveys were
conducted via telephone using a standardized form to obtain socio-
demographic characteristics, self-reported comorbidities, and tobacco
use. Trained chart reviewers used a chart abstraction report form to
collect cancer diagnosis and treatment information from participants’
electronic health records (EHR). Complications were considered
treatment-related and acute if they occurred around the time of
treatment in consultation with participants’ clinicians. This study re-
ceived IRB approval (#10340).

2.1. Values

Participants were asked a series of closed-ended questions regarding
values clarification, which is the process of determining what matters
most to an individual relevant to a given health decision [32]. Parti-
cipants were asked to rate each statement using an elicitation procedure
called prioritization [32]. Values presented were informed by those
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suggested for measuring value in cancer care [33] along with those
reported among lung cancer patients [34–36].

In the next set of questions, we examined the extent to which par-
ticipants’ valued length of life versus the potential for periprocedural
death. Participants were presented with a hypothetical scenario of an
unnamed lung cancer treatment (with similar characteristics as surgical
resection) with a chance of periprocedural death, and if they were
willing to accept this percent chance for an additional year of life.
Participants were told “Without the treatment, you won’t be alive after
18 months and the last six months you would have a low QOL” which is
consistent with prognosis in untreated patients [36]. The percent
chance of periprocedural death: two, five, ten or 20%, for additional
years of life: one, two, three or four years, were adjusted based on
participants’ responses. (See example below) Yes/no responses were
recorded for four scenarios.

The next series of questions examined the extent to which partici-
pants valued length of life versus QOL. Questions concerned possible

outcomes after a hypothetical lung cancer treatment that had similar
characteristics as surgical resection using techniques similar to standard
gamble methods, which is recommended for understanding individuals’
preferences under uncertainty [37,38]. QOL statements were adapted
from research that described life with lung cancer among patients
limited by lung disease with a focus on functional states and physical
limitations [36]. Participants were asked whether they would accept
any one of six functional limitations for additional years of life. For
example, participants were asked “Would you accept loss of in-
dependence through permanent placement in a nursing home for one
additional year of life. For “No” responses the additional years of life
were increased to determine patient thresholds.
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2.2. Discrete treatment choice questions

Participants answered discrete choice questions [39–42] offering a
choice between two unnamed lung cancer treatments that described the
potential harms and benefits of these treatment options: i) less serious
complications affecting QOL, but higher rate of recurrence (i.e., similar
to SBRT) and ii) chance of periprocedural death with better chance for
cure (i.e., similar to surgery). Discrete choice methods assess the value
of an option determined by the values of its attributes [40,43–45]. (See
example below) Discrete choice experiments (DCEs) are increasingly
being used in healthcare applications [46] and among patients with
lung cancer [35]. In DCEs, a pairwise comparison of hypothetical al-
ternatives is presented and participants are asked to choose between
them [47]. DCEs are practical as participants are forced to make trade-
offs between attributes and their levels, which mimic trade-off decisions
which are part of everyday life. For cancer treatments, this means that
the outcomes of a treatment can be described by their attributes and the

extent to which an individual values the treatment, depends on how
much they value the attributes [39,40,42].

In the second set of DCE questions, the strength of participants’
treatment preference was assessed between descriptions of two un-

named lung cancer treatments (i.e., that were similar to SBRT and
surgery) by varying the attributes and risks associated with these
treatment options. (See example below) In the follow-up series of
questions, these attributes were adjusted to determine participants’
strength of treatment preference. (Fig. 1) For instance, if a participant
initially selected the surgery description, the percent chance of peri-
procedural death, associated with this option, was increased in the next
set of question options to make the alternative treatment (i.e., SBRT),
which was unchanged from the previous scenario, seem more desirable.
The DCE ended when a participant switched their treatment choice or
chose the same treatment in four consecutive scenarios, scores ranged
from 1-4.

2.3. Decisional conflict, communication quality and health-related quality
of life

These measures were evaluated at participants’ baseline and 4–6
month visits, and were included as they were thought to potentially

Fig. 1. Treatment Discordance: Disagreement between Treatment Received and
Hypothetical Treatment Preferred among Patients with Early Stage Lung Cancer.
Almost half of all patients (49%) preferred the alternative hypothetical lung
cancer treatment compared to what they received. Treatment discordance was
higher among patients who received SBRT (68%) compared to those who re-
ceived surgery (19%). There were 29 missing responses (15 SBRT and 14 surgery
patients). Abbreviation: SBRT= stereotactic body radiation therapy
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influence participants’ values and preferences. These measures were
part of the larger, longitudinal study and reflected actual lung cancer
care received, not hypothetical scenarios. Decisional conflict was
measured using the Decisional Conflict Scale (DCS), a multi-dimen-
sional tool of 16 items divided into five subscales: personal uncertainty,
deficits of feeling uninformed, unclear values, inadequate support, and
perception that an ineffective choice has been made. Items are scored
using a 5-point Likert scale (1 = strongly agree to 5 = strongly dis-
agree) [48,49]. Scores< 25 indicate no decision making difficulty and
scores> 37.5 suggest delayed decision making or uncertainty about
decision-making. Quality of self-reported clinician communication re-
garding lung cancer treatment options and subsequent follow-up care
was measured using the patient-centered communication (PCC) tool
[50]. Overall communication quality was measured using participants’
response to the statement “The overall quality of communication with
your clinician is excellent” (question 6 A) on the PCC [51]. Responses
are rated on a 7-point Likert scale, ranging from 0 to 7, from “very
strongly agree” to “very strongly disagree”; lower scores indicate a
higher degree of communication quality. Health-related QOL (HRQOL)
was assessed using the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC
QLQ-C30) [52]. The EORTC QLQ-C30 contains 30 items covering
health issues relevant for cancer patients, 24 of which are aggregated
into scales measuring functioning, symptoms and global health, and
quality of life. A higher score indicates a better level of functioning or
global QOL [53,54]

2.4. Statistical analysis

Descriptive statistics were used to characterize the sample and bi-
variate analyses were conducted using t-tests with continuous and chi-
squared tests with categorical variables, as appropriate (Table 1: cate-
gories were collapsed where indicated). To address hypotheses related
to participants’ values, three patient value responses were possible
(most important, least important or not important). We weighted the
responses as follows: most important= +2, least important= +1 and
not important= 0. All patient responses were summed and values were
ranked based on total summary scores. Sensitivity analyses were con-
ducted (i) weighting participants’ responses to values as most im-
portant=+2, least important=+1 and not important= -1 and (ii) the
percentage of participants’ responses to values as most, least, or not
important were calculated. Findings were similar to the primary ana-
lysis.

For the subsequent value questions, we examined the percent of
participants who were willing to accept the statement given the po-
tential trade-off (i.e., chance for periprocedural death or QOL scenario)
for additional years of life. Based on responses, these questions were
modified to determine patient thresholds- either the chance for peri-
procedural death or additional years of life were increased based on
participants’ responses. Treatment concordance was defined as exact
agreement between cancer treatment received and the hypothetical
cancer treatment preferred that was most similar in attributes to SBRT
or surgical resection. To compare participants’ mean decisional conflict,
communication quality and QOL by treatment concordance, univariate
linear regression was used. Strength of treatment preference was re-
corded as a numeric indicator for the switch-point (i.e., choice when a
patient switched their treatment preference) higher scores indicated
stronger strength of treatment preference. Missing responses were<
27% to any single question and characteristics of participants with
missing responses were similar to the cohort without missing responses.
All analyses were performed using STATA version 14 (StataCorp LP,
College Station, TX) and two-sided statistical significance was defined
as a resultant p-value of< 0.05.

Table 1
Patient Characteristics by Treatment Received.

Treatment Received

SBRT
n=68

Surgery
n=46

p value

Age, mean (SD) 73 (8.1) 67 (6.4) < 0.001
Sex, male 47 (69%) 27 (59%) 0.25
Race/Ethnicity 0.32
White, Non-Hispanic 63 (93%) 40 (87%)
Black/Hispanic/Asian/Other 5 (7%) 6 (13%)

Education 0.15
High School Degree or Less 22 (32%) 13 (28%)
Some College 27 (40%) 26 (57%)
College or Post-Graduate Degree 19 (28%) 7 (15%)

Employment 0.15*
Full or Part-Time 8 (12%) 10 (22%)
Retired or Not Working 55 (81%) 27 (59%)
Disabled 5 (7%) 9 (20%)

Marital Status 0.03
Married 22 (32%) 28 (61)
Not Married 46 (68%) 18 (39)

Household Income ($) 0.27*
< 30,000 32 (48%) 17 (37%)
30,000-59,999 23 (34%) 14 (30%)
≥60,000 11 (16%) 13 (28%)
Unknown 2 (3%) 2 (4%)

Tobacco Smoking Status 0.25*
Past 47 (69%) 36 (78%)
Current 18 (26%) 8 (17%)
Never 3 (4%) 2 (4%)

Comorbidities#

COPD 38 (56%) 18 (39%) 0.08
Depression 10 (15%) 15 (33%) 0.02

Health System 0.003
VA Portland Health Care System 35 (51%) 20 (43%)
Oregon Health & Science University
Hospital

10 (15%) 19 (41%)

Community Hospital 23 (34%) 7 (15%)
Who First Discussed Treatment Options 0.002*
Pulmonologist 30 (44%) 19 (41%)
Thoracic Surgeon 9 (13%) 18 (39%)
Oncologist 8 (12%) 3 (7%)
Primary Care Clinician 6 (9%) 3 (7%)
Radiation Oncologist/Other 9 (13%) 2 (4%)
Not Applicable/Unknown 6 (9%) 1 (2%)

Written Treatment Materials Provided^ 0.50
Yes 8 (13%) 10 (24%)
No 17 (27%) 11 (26%)
Can’t recall 8 (13%) 5 (13%)
Not Applicable 30 (48%) 16 (38%)

Decisional Conflict Scale score, mean (SD)
Baseline 14.6 (11.8) 15.0 (12.1) 0.87
Current Visit 13.3 (14.4) 8.9 (9.6) 0.09

EORTC QLQ-C30 Global score, mean (SD)
Baseline 70.6 (22.2) 76.2 (19.3) 0.16
Current Visit 70.5 (22.2) 75.6 (22.7) 0.26

Patient-Centered Communication score,
mean (SD)

Baseline 2.34 (0.82) 2.39 (0.69) 0.70
Current Visit 2.34 (0.84) 2.35 (0.79) 0.97

1-Year Mortality 6 (9%) 1 (2%)
Cancer-related 3 (4%) –
Other 2 (3%) –
Unknown 1 (1%) 1 (2%)

*Collapsed low frequency categories, #self-reported. Current visit is the parti-
cipants' visit that occurred 4–6 months posttreatment. ^Some patients did not
answer.
Abbreviations: COPD=Chronic Obstructive Pulmonary Disease, EORTC QLQ-
C30= European Organization for Research and Treatment of Cancer, Quality of
Life Questionnaire Core 30, SBRT= stereotactic body radiation therapy and
SD= standard deviation.
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3. Results

Among the 114 participants studied, mean age was 70 years (SD
7.9). The majority were male (65%), white (91%) and past cigarette
smokers (73%) (Table 1). Among all participants, 68 (60%) received
SBRT and 46 (40%) received surgery. Among these two groups, parti-
cipants who received SBRT compared to surgery were older 73 (SD 8.1)
versus 67 (SD 6.4) years-old, and less likely to be married (32% versus
61%, respectively) (all p < 0.05). Participants who received SBRT
compared to surgery were less likely to discuss treatment options first
with a thoracic surgeon (13% versus 39%, respectively), or to be de-
pressed (15% versus 33%, respectively) (all p < 0.05). Compared to
those who received surgery, participants who received SBRT had si-
milar 4–6 month visit decisional conflict scale scores (13.3 versus 8.9,
respectively), clinician communication quality scores (2.34 versus 2.35,
respectively) and EORTC QLQ-C30 global health scores (70.5 versus
75.6, respectively) (means, all p > 0.05).

Based on review of the EHR, 16 (24%) participants who underwent
SBRT experienced one or more acute complications which were mostly
fatigue and chest wall/rib pain. Two (3%) participants experienced one
or more chronic complications which were increased dyspnea or in-
creased oxygen needs. Regarding treatment-related surgery complica-
tions, 18 (39%) participants experienced one or more acute complica-
tions which included persistent lung air-leak, re-intubation, pneumonia,
atrial fibrillation, hospital re-admission, sepsis, delirium, and urinary
tract infection. Among those who received SBRT, one participant was
hospitalized for five days and spent a day in the ICU for a pneu-
mothorax with persistent air-leak. Among those who received surgery,
mean hospital and ICU LOS were 4.4 (SD 2.8) and 2.1 (SD 2.2) days,
respectively.

3.1. Values

Participants reported “being able to remain in my own home” and
“being able to take care of myself” as most important on 75% and 66%
of surveys, respectively (Table 2). Participants also reported survival
and cancer recurrence as most important on 55% and 44% of surveys,
respectively. After rank ordering participants’ responses to determine
those of highest and lowest value, “being able to remain in my own
home”, “being able to take care of myself”, “additional years of life” and
“chance the lung cancer returns” were the four highest weighted values.
The lowest weighted values were “staying away from regular visits to
doctors and hospitals” and “costs of treatment”. Among both groups,
the highest weighted value was the same: “being able to remain in my
own home”. However, participants who received surgery reported
“chance the lung cancer returns” while those who received SBRT

reported “being able to take care of myself” as the second most im-
portant weighted value. Both groups reported “costs of treatment” as
the lowest weighted value. The remaining value statement rankings
were similar between groups.

Participants placed a higher value on additional years of life versus
the surgical complication of periprocedural death. Overall, 76/92
(83%) of participants were willing to accept a 2% chance of peripro-
cedural death for 1 additional year of life (89% among SBRT and 74%
among surgery participants). Additionally, 59/92 (64%) participants
were willing to accept a 10% chance of periprocedural death for 1
additional year of life and 48/92 (52%) participants were willing to
accept a 20% chance of periprocedural death for 1 additional year of
life. Only 10/92 (11%) participants were unwilling to accept a 2% of
periprocedural death for 4 additional years of life, the lowest risk for
the maximum benefit offered. Differences between treatment groups
appeared to be minimal as there was only a 12–15% difference/ques-
tion by group. However, participants who received SBRT consistently
valued length of life more as they were willing to accept a high chance
of periprocedural death for few additional years of life.

Participants generally valued QOL more than length of life, as most
participants were unwilling to accept needing assistance with activities
of daily living (ADLs) as a potential outcome of cancer treatment.
Participants were more willing to accept increased shortness of breath,
oxygen dependence or reduction in current activity level; however,
assistance with activities of daily living (ADLs), permanent placement
in a nursing home or being limited to a bed/chair were not acceptable
to most participants for additional years of life. (Fig. 3) In fact, 86% of
participants were unwilling to accept either permanent placement in a
nursing home and being limited to a bed/chair for the maximum
number of additional years of life offered. Participants who received
SBRT consistently valued length of life more, as they were more willing
to accept changes in QOL for additional years of life. The largest dif-
ference between groups was unwillingness to accept assistance with
ADLs for four additional years of life gained (SBRT=49% versus sur-
gery= 77%).

3.2. Treatment preferences

Overall, 42 (49%) participants reported they preferred the alter-
native hypothetical lung cancer treatment than what they actually re-
ceived (Fig. 1). Treatment concordance was lower among participants
who received SBRT (32%) compared to participants who received
surgery (81%). Treatment-related complications did not seem to be
associated with increased discordance as 37% of concordant partici-
pants experienced ≥1 acute complication compared to 21% of dis-
cordant participants. Treatment concordance was not associated with

Table 2
Patients’ Values when Considering Lung Cancer Treatment, by Group.

Treatment Received

Value Statement All Patients
Rating Score (rank)

SBRT Group
Rating Score (rank)

Surgery Group
Rating Score (rank)

n=114 n=68 n=46

Being able to remain in my own home 183 (1) 114 (1) 69 (1)
Being able to take care of myself 162 (2) 104 (2) 58 (4)
Additional years of life 147 (3) 88 (3) 59 (3)
Chance the lung cancer returns 138 (4) 78 (4) 60 (2)
Being a burden to my spouse, family or friends 126 (5) 69 (5) 57 (5)
Physical side effects of treatment 106 (6) 56 (6) 50 (6)
Staying away from intensive medical care 74 (7) 54 (7) 20 (8)
Emotional side effects of treatment 64 (8) 30 (8) 34 (7)
Staying away from regular visits to doctors and hospitals 51 (9) 32 (9) 19 (9)
Costs of treatment 44 (10) 28 (10) 16 (10)

Score= total summed score from all patient responses which was weighted as follows: most important=+2, least important=+1 and not important= 0.
Abbreviations: SBRT= stereotactic body radiation therapy.
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decisional conflict, communication quality or HRQOL (all p > 0.05).
Overall, participants’ strength of treatment preference was weak as

22 (58%) participants who chose surgery and 37 (73%) participants
who chose SBRT initially, switched their treatment preference within
the first two follow-up DCE questions (Table 3) (Fig. 2). A higher
switch-point means a higher strength of preference for a particular
treatment. Among treatment groups, mean strength of preference for
SBRT (mean switch-point by group, SBRT=1.9 and surgery=1.9) and
surgery (mean switch-point by group, SBRT=2.3 and surgery=2.7)
were similar. Among the entire cohort, strength of preference was
higher for surgery compared to SBRT as the mean switch-point was 2.4
(SD 1.2) versus 1.9 (1.2).

4. Discussion

Among participants with early stage lung cancer who received ei-
ther SBRT or surgical resection for curative intent, more participants
valued QOL and independence highly compared to survival or cancer
recurrence. Participants were willing to accept a high chance of peri-
procedural death for only one additional year of life, but were not
willing to accept significant deficits in QOL for four additional years of
life. SBRT participants were more likely to accept both periprocedural
death or deficits in QOL compared to surgery participants. Considerable
discordance exists regarding lung cancer treatments, as about half of all
participants preferred the hypothetical alternative treatment than what
they received. However, overall strength of treatment preference for
either group was weak. Clinical guidelines for early stage lung cancer
treatment could be more patient-centered by increasing the emphasis
on patient–centered outcomes that patients value most (i.e., QOL).
Treatment decision conversations, especially when clinical equipoise
exists, should focus on eliciting patients’ values and preferences to
ensure decisions are consistent with patients’ priorities and goals.

When examining value and preference differences among patients

who receive SBRT or surgery, it is important to understand possible
differences between these groups. According to American Society for
Radiation Oncology (ASTRO) guidelines, SBRT has a significant role to
play in treating early stage NCSLC, particularly for patients ineligible
for surgical resection [55]. As a result, in our cohort, most participants
who received SBRT were not operable candidates as they were older,
had more comorbidities and lower HRQOL compared to surgery parti-
cipants. Loss aversion and prospect theory [56,57], people's tendency to
prefer avoiding losses to acquiring equivalent gains, may help explain
why participants who received surgery were less willing to accept
periprocedural death or deficits in QOL compared to SBRT participants,
as participants who received surgery were younger with higher HRQOL
(i.e., better QOL), compared to those who received SBRT. Older patients
are thought to be less risk averse than younger patients [58,59], how-
ever, age did not fully explain differences in our study.

Overall, more participants in each group reported higher value for
independence and QOL compared to survival or cancer recurrence
when considering treatment options. Previously, qualitative studies
have suggested survival was more important than QOL [60], however,
studies were limited by small sample size and mostly focused on pa-
tients with advanced lung cancer. Previous studies in patients with
advanced disease do demonstrate the high value patients place on
symptom control, which impacts QOL, when considering treatment
[35,61]. Unfortunately, evidence-based guidelines often overemphasize
survival when weighing the potential benefits of lung cancer treatment
[16,17], while largely ignoring QOL outcomes. This dichotomy is im-
portant, as there was no association between QOL and progression-free
survival among cancer patients [62]. In the future, randomized con-
trolled trials of lung cancer treatments should be powered to assess
differences in patient-centered outcomes such as QOL.

Surprisingly, about half of the participants experienced treatment
discordance, preferring the hypothetical alternative treatment that
what they received, based on the descriptions of treatment attributes.

Table 3
Strength of Treatment Preferences among Patients with Early Stage Lung Cancer, by Group.

Treatment Received

All Patients
n= 89
n (%)

SBRT
n=53
n (%)

Surgery
n= 36
n (%)

Choose Hypothetical Surgery*
(2% chance of immediate death & living 5 additional years)

38 (43) 23 (43) 15 (42)

Switch-point to SBRT
1 st Choice (blue box#)

(5% chance of immediate death & living 5 additional years)
10 (26) 7 (30) 3 (20)

2nd Choice (yellow box#)
(10% chance of immediate death & living 5 additional years)

12 (32) 7 (30) 5 (33)

3rd Choice (brown box#)
(20% chance of immediate death & living 5 additional years)

4 (11) 3 (13) 1 (7)

Always choose Surgery (4 choices) 11 (29) 5 (22) 6 (40)
NA 1 (3) 1 (4) –
Switch-point from hypothetical surgery to hypothetical SBRT, mean (SD) 2.4 (1.2) 2.3 (1.2) 2.7 (1.2)

Choose Hypothetical SBRT*
(0% chance of immediate death & living 4 additional years)

51 (57) 30 (57) 21 (58)

Switch-point to Surgery
1 st Choice (green zap#)

(0% chance of immediate death & living 3 additional years)
24 (47) 14 (47) 10 (48)

2nd Choice (purple zap#)
(0% chance of immediate death & living 2 additional years)

13 (25) 8 (27) 5 (24)

3rd Choice (black zap#)
(0% chance of immediate death & living 1 additional years)

5 (10) 2 (7) 3 (14)

Always choose SBRT (4 choices) 7 (14) 5 (17) 2 (10)
NA 2 (4) 1 (3) 1 (5)
Switch-point from hypothetical SBRT to hypothetical surgery, mean (SD) 1.9 (1.2) 1.9 (1.1) 1.9 (1.0)

*No lung cancer treatment names were used, only treatment attributes similar to surgical resection or SBRT were used. #Corresponds to figure
2. There were 25 missing responses (17 SBRT and 8 surgery patients). Abbreviations: SBRT= stereotactic body radiation therapy,
SD= standard deviation, and NA=not applicable (patients did not answer subsequent questions after an initial choice).
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This finding may highlight the feasibility of a trial examining these
treatments among patients with early stage lung cancer. There are
many factors that may have contributed to this finding. In a previous
study from the Netherlands, patients with early stage NSCLC reported a
lack of knowledge about the advantages and disadvantages of treatment
options, however, 74% still felt they were sufficiently involved in de-
cision-making [15]. Additionally, our study occurred sometime after
treatment receipt, participants had time to weigh treatment options
that were less affected by the information overload that often occurs
around the time of diagnosis [63], which may have affected pre-
ferences. Most SBRT participants in our study were not operable

candidates and this may have manifested as psychological reactance,
the motivation to regain a freedom after it has been lost or threatened
[64]. However, only attributes of treatments and not actual treatment
names were used, reducing the influence of reactance. Neither actual
treatment complications nor outcomes likely affected treatment dis-
cordance, as both were similar among concordant and discordant par-
ticipants. Improving health literacy is an important strategy to improve
the quality of SDM [65,66], however, almost three-quarters of our co-
hort had a high educational level including some college which may
limit the effectiveness of this approach. Treatment discordance may
have resulted from under-informed participants as few participants in

Fig. 2. Question Tree for Strength of Treatment Preferences among Patients with Early Stage Lung Cancer.
When determining participants’ strength of hypothetical treatment preference, choice options were modified in a series of questions based on participants’ responses.
In the second set of DCE questions, if a participant chose A (i.e., surgery), then the chance of immediate death was increased from 2 to 5% in the hypothetical
treatment option, that was similar to surgical resection, and the options were represented to the participant. This series of questions determined the strength of
participants’ preference for the hypothetical treatment initially selected. The switch-point is the choice option when a participant switched their choice from one
treatment to the other (e.g., A to B). All choice option modifications are bolded and underlined. Identical treatment choice options are color-coded (i.e., all red boxes
represent identical options)

Fig. 3. Patients’ Unwillingness to Accept Possible Outcomes
after Lung Cancer Treatment.
The percent of participants who received SBRT or surgery (y-
axis) who were unwilling to accept the potential outcomes (x-
axis) after lung cancer treatment for an additional 4 years of
life (maximum value offered). Overall, participants who re-
ceived surgery (red bars) were more risk averse, as they were
less likely to accept any of the potential outcomes compared to
participants who received SBRT (blue bars). Complete “out-
comes after lung cancer treatment” statements: Shortness of
Breath= Increased shortness of breath where I can walk only
2 blocks without stopping, Oxygen Dependence= Oxygen
dependence where I may be on oxygen all or most of the day,
Reduction of Activity by 50%= Reduction of my current ac-
tivity level by half, ADLs= Assistance with things like
bathing, dressing, and being able to move from one place to
another, Nursing Home= Loss of independence through per-
manent placement in a nursing home, and Bed/Chair
Limited= Being limited to a bed or chair all the time.
Abbreviations: ADLs= Activities of Daily Living and SBRT=
stereotactic body radiation therapy. (Adapted from Cykert S,
et al. Chest. 2000 Jun;117(6):1551-9.). [[35]
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our cohort received written materials regarding their lung cancer
treatment options, however, few evidence-based resources exist.

Decision support tools such as decision aids for cancer treatment
have been found to reduce decisional conflict, increase patient knowl-
edge and satisfaction, encourage active patient involvement in decision-
making, and decrease levels of anxiety and distress among patients with
breast [67] and prostate cancer [68]. The use of written materials and/
or decision aids in early stage lung cancer may help reduce treatment
discordance and improve the decision making process, although re-
sources are scarce. Developing effective written materials and/or de-
cision aids must consider several factors. Choices must be made about
how to present the risks and benefits of treatment options and how to
elicit patient values. For example, when presenting treatment options,
framing (i.e., the way outcomes are described) can affect patient pre-
ferences [69]. The same outcome data presented in terms of probability
of death (i.e., mortality) or probability of living (i.e., survival) affect
patients’ choices regarding lung cancer treatment [70]. A common
misconception is that any written materials or decision aids simply need
to be designed to “reveal” the stable, inherent preferences that patients
have regarding medical treatments and the risk and benefits thereof.
Contemporary research from a variety of domains suggests that in many
cases this common conception is false and individuals, in fact, construct
preferences in the moment of choice [71]. In other words, for many
important life decisions people do not have stable preferences that can
be readily applied. Instead preferences must be constructed at the
moment, making them very sensitive to current internal states (e.g.,
emotions) and the structure of the environment or context (e.g., exactly
how options, risks and benefits are presented) [72]. This idea of con-
structed preferences and the lack of resources available to patients
around the time of cancer diagnosis, may help explain the relatively
weak strength of treatment preference patients demonstrated in our
study. Without reliable resources to assist in decision making, patients
likely did not have a clear foundation on which to base these difficult
treatment decisions. This is not to say that everything is constructed
and people have no stable preferences at all [73]. It does suggest,
however, that the developers of written materials and decision aids
within this and any domain should think carefully about how to present
information to facilitate a process of preference construction that is in
the best interest of patients.

This study has limitations. Participants were surveyed 4–6 months
following lung cancer treatment and preferences may have changed,
however, once established, preferences are thought to be stable over
time [74]. Patients completed surveys via phone with a trained research
assistant using a standardized question guide, however, participants’
understanding of concepts and numeracy are important factors in de-
cision making [75]. Our high survey completion rate may have been
partially attributable to participants’ high level of education and results
may not be generalizable. Imputation for missing responses was not
done given the complex nature of value clarification and DCEs. Multiple
steps are involved in the structure, design and evaluation of a DCE, for
the present study, some aspects were derived from previously published
sources. Values clarification statements were closed-ended, meaning
participants could not add concerns that were not already listed, lim-
iting the scope of comparisons. Assessing patients’ decision making and
preferences are typically employed when uncertainty exists prior to
decision-making, however, these techniques are also effective when
employed after treatment decisions have already been made among
patients with lung cancer [76], consistent with our study design. We
acknowledge important next steps are to study treatment discordance
among treatment-naïve patients with early stage lung cancer.

4.1. Conclusion

Traditional clinical trial metrics of cancer treatment superiority,
survival and cancer recurrence, were less highly valued among parti-
cipants with early stage lung cancer than metrics often ignored,

maintaining independence and QOL. Participants who received either
SBRT or surgery were willing to accept high periprocedural mortality,
but not significant deficits to their QOL as a trade-off for additional
years of life. Surprisingly, considerable treatment discordance exists
among participants with early stage lung cancer as about half preferred
the alternative treatment. During lung cancer treatment decision
making it is essential to elicit and understand patients’ values and
preferences regarding potentially life-altering medical decisions.
Clinicians likely need more resources to foster high-quality shared de-
cision making and to ensure choices are consistent with patients’ values,
preferences and goals.
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