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Purpose: Little data have been reported about the patient experience during curative radiation therapy (RT) for lung cancer in
routine clinical practice or how this relates to treatment toxicity as reported by clinicians. The purpose of this study was to
compare clinician-reported adverse events (AEs) with patient-reported outcomes (PROs), including both specific symptoms/
side effects, as well as overall quality of life (QoL) during and after definitive RT for locally advanced lung cancer (LALC) in a
large statewide cohort.
Methods and Materials: PROs were prospectively collected from patients treated with definitive RT for LALC at 24 institu-
tions within the Michigan Radiation Oncology Quality Consortium between 2012 and 2018 using the Functional Assessment
of Cancer Therapy trial outcome index. Physicians prospectively recorded AEs using the Common Terminology Criteria for
Adverse Events, version 4.0. Patient-reported QoL changes from baseline were assessed during and after RT using the
Corresponding author.; E-mail: shrutij@med.umich.edu
The Michigan Radiation Oncology Quality Consortium is financially

supported by Blue Cross Blue Shield of Michigan and the Blue Care Net-
work of Michigan as part of the Blue Cross Blue Shield of Michigan Value
Partnerships Program.

Disclosures: D.E.S., J.A.H., M.J.S., M.M.M., L.J.P., and S.J. have received
salary support from Blue Cross Blue Shield of Michigan for the Michigan
Radiation Oncology Quality Consortium. M.M.M. has received personal
fees and research grant from Varian Medical Systems. S.J. has received per-
sonal fees from Varian Medical Systems and AstraZeneca. B.M. has a lung

phantom patent pending. L.J.P. is a cofounder of PFS Genomics, and has a
patent pending for a method for the analysis of radiosensitivity. R.J. has
received personal consulting fees from Amgen and Vizient, has received
research funding from AbbVie, and owns stock in Equity Quotient. The
authors have no other relevant conflicts of interest to disclose.

The authors are not authorized to share Michigan Radiation Oncology
Quality Consortium data. The data are individually owned by the member
institutions of the Michigan Radiation Oncology Quality Consortium.

Supplementary material associated with this article can be found, in the
online version, at doi:10.1016/j.ijrobp.2021.11.024.

Int J Radiation Oncol Biol Phys, Vol. 112, No. 4, pp. 942−950, 2022
0360-3016/$ - see front matter � 2021 Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.ijrobp.2021.11.024

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijrobp.2021.11.024&domain=pdf
mailto:shrutij@med.umich.edu
https://doi.org/10.1016/j.ijrobp.2021.11.024
https://doi.org/10.1016/j.ijrobp.2021.11.024
http://www.redjournal.org


Volume 112 � Number 4 � 2022 Symptoms during RT for lung cancer 943
Functional Assessment of Cancer Therapy trial outcome index. Spearman correlation coefficients were calculated for AEs and
similar PROs, and a multivariable analysis was used to assess associations with QoL.
Results: A total 1361 patients were included in the study, and 53% of respondents reported clinically meaningful declines in
QoL at the end of RT. The correlation between clinician-reported esophagitis and patient-reported trouble swallowing was
moderate (R = .67), but correlations between clinician-reported pneumonitis and patient-reported shortness of breath
(R = .13) and cough (R = .09) were weak. Clinician-reported AEs were significantly associated with clinically meaningful
declines in patient-reported QoL (R = − .46 for summary AE score). QoL was more strongly associated with fatigue (R = −
.41) than lung-specific AEs.
Conclusions: AEs are associated with clinically meaningful declines in QoL during and after RT for LALC, but associations
between AEs and QoL are only modest. This highlights the importance of PRO data, and future research should assess whether
earlier detection of PRO changes could allow for interventions that reduce the frequency of treatment-related clinically mean-
ingful declines in QoL. � 2021 Elsevier Inc. All rights reserved.
Introduction

Patient-reported outcomes (PROs) have become an impor-
tant component of cancer therapy assessment.1-4 They pro-
vide a measure of the impact of cancer and its treatment on
patient well-being directly from the patient’s perspective.
Clinician-reported adverse events (AEs) directly assess the
toxicity of a given treatment on an objective scale; however,
PROs allow for a more subjective interpretation of the treat-
ment effect on an individual patient level. This is important
when clinicians prepare patients for the anticipated effects
of therapy, both in terms of specific treatment-related toxic-
ities and overall quality of life (QoL). Because QoL has been
shown to be associated with overall survival in patients with
cancer,5-9 PROs can also play an important role in treatment
decisions and/or the frequency of on-treatment monitoring
of higher-risk patients.

PROs are now routinely acquired as part of clinical trials,
along with AEs, and PROs have been recommended to be
used as endpoints for clinical trials in oncology.2 Several tri-
als have reported on changes in QoL based on PROs col-
lected during and after treatment for lung cancer,10-19 but
typically focused on PROs to assess various treatment regi-
mens for different stages of disease in the clinical trial set-
ting. However, less has been reported on QoL outside of
clinical trials and in the routine clinical environment,20 par-
ticularly for the definitive treatment of lung cancer involving
radiation therapy (RT). Moreover, the association between
clinician-reported treatment toxicities and patient-reported
QoL is not well established in this population.19,21 Clinician
understanding of the patient experience during and after
treatment is especially important for this group, because the
majority of patients with locally advanced lung cancer
(LALC) are not treated as part of a clinical trial and may not
be reflective of the typical trial population.

In this study, we assessed PROs and AEs during and after
definitive treatment for LALC using conventionally fraction-
ated RT with or without chemotherapy in a variety of clinical
settings across the state of Michigan. This was accomplished
through the Michigan Radiation Oncology Quality Consor-
tium, a statewide collaborative consortium working on qual-
ity improvement projects to improve the radiation treatment
experience. We aimed to quantify changes in QoL during
treatment and follow up to identify patient and clinical fac-
tors associated with clinically meaningful declines in QoL,
and measure correlations between PROs and AEs.
Methods and Materials
Patients and data collection

Patients with locally advanced (stage II or III) non-small or
small cell lung cancer treated with definitive RT with or with-
out chemotherapy between 2012 to 2018 at 24 Michigan Radi-
ation Oncology Quality Consortium centers were included in
this study. Data were prospectively collected at the start of RT,
weekly during RT, and at 1, 3, and 6 months after completing
RT. Paper surveys were provided to patients and clinicians at
the time of clinic visits, and written responses were manually
entered into an electronic database by research coordinators
on site at each institution. Surveys were collected for research
purposes and not intended for clinical utilization by the clini-
cians. This effort was approved by an institutional review
board as a quality initiative. Clinical assessments and treat-
ment information on all eligible patients were entered into the
database, but patient participation in surveys was voluntary
(with written consent documentation waived).
Outcomes

PROs and QoL were assessed using the Functional Assess-
ment of Cancer Therapy trial outcome index (TOI).22,23

This index is a validated survey for patients with lung cancer
and includes 3 QoL components: Physical well-being, func-
tional well-being, and lung cancer subscale. There are a total
of 22 items in this survey, with 7 contributing to physical
well-being, 7 to functional well-being, and 8 to the lung can-
cer subscale. Patients completed the Functional Assessment
of Cancer Therapy TOI surveys at the start of RT, during
the final week of RT, and at each follow-up visit. Patients
also rated their swallowing ability on a 5-point scale at each
weekly on-treatment visit. Changes in the overall TOI score



Table 1 Patient, tumor, and treatment characteristics

Characteristic Overall (N = 1361)

Age, years (IQR)

Median 67 (60-74)

Sex, n (%)

Female 639 (47.0)

Male 722 (53.0)

Race, n (%)

White 1076 (79.1)

Black 222 (16.3)

Other 63 (4.6)

Eastern Cooperative Oncology Group performance
status score, n (%)
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of ≥5 points were considered clinically meaningful, and
changes of ≥2 points in any of the subscales were considered
clinically meaningful.24

Clinicians graded AEs during weekly on-treatment visits
and all follow-up visits using the Common Terminology
Criteria for Adverse Events (CTCAE), version 4. Esophagi-
tis, esophageal pain, fatigue, and cough were recorded dur-
ing weekly on-treatment visits and at each follow-up visit.
Dyspnea, pleuritic pain, and pneumonitis were recorded
during the first and last week of RT and at each follow-up
visit. Substantial treatment-related toxicities were defined as
any grade ≥2 AE that was also worse than the pretreatment
grade. To quantify the overall treatment toxicity, an AE
summary score (AE score) was also generated as the sum of
the grades of all AEs at each time of evaluation, using equal
weighting for the burden of each individual AE.25
0 667 (49.0)

1 352 (25.9)

2 98 (7.2)

3 23 (1.7)

4 3 (0.2)

Number of Comorbidities, n (IQR)

Median 2.0 (1.0-3.0)

Stage, n (%)

IIA 115 (8.4)

IIB 104 (7.6)

IIIA 780 (57.3)

IIIB 362 (26.6)

D95 to planning target volume, Gy (IQR)

Median 60 (54-63)

Mean lung dose, Gy (IQR)

Median 15 (12-18)

Concurrent chemotherapy, n (%)

No 475 (34.9)

Yes 886 (65.1)

Neoadjuvant chemotherapy, n (%)

No 1281 (94.1)

Yes 80 (5.9)

Adjuvant chemotherapy, n (%)

No 1218 (89.5)

Yes 143 (10.5)

Abbreviations: IQR = interquartile range
Statistical methods

PROs were summarized and analyzed as continuous varia-
bles and as the binary indicator for a clinically meaningful
change using previously published thresholds.24 Generalized
linear mixed effects models were used to evaluate the associ-
ation between grade ≥2 toxicity and the odds of clinically
meaningful declines in TOI while controlling for other base-
line clinical factors. Patient-level random intercept terms
were included to account for within-patient (between multi-
ple timepoints) correlation. For pneumonitis and fatigue,
associations were assessed at each postbaseline timepoint
after controlling for time of evaluation as a categorical
covariate. For esophagitis, the association was assessed dur-
ing and at the end of treatment.

Associations between AEs and PROs were measured using
Spearman’s rank correlation coefficients and included data
from all available follow-up times. Correlations were also
computed for pairs of individual AEs and similar side effects
reported by the patient at the same visit (cough−cough, dys-
pnea−shortness of breath, pneumonitis−cough, pneumonitis
−shortness of breath, pleuritic pain−cough, pleuritic pain
−shortness of breath, esophagitis−trouble swallowing, esoph-
ageal pain−trouble swallowing, fatigue−lack of energy) and
overall using the patient-reported “I am bothered by the side
effects of treatment” question and AEs. Spearman coefficients
were also calculated between AEs and changes in TOI (and
each subset) to assess associations between toxicities and QoL.

To understand the potential impact of missing data,
baseline characteristics and QoL at the end of treatment
were summarized and compared between patients who did
and did not complete QoL forms at 6 months. R, version
4.0.0, was used for all statistical analyses.
Results
A total of 1361 patients treated at 24 radiation oncology
centers throughout the state of Michigan were included in
the study. Patient, tumor, and treatment variables are sum-
marized in Table 1. Most patients had American Joint Com-
mittee on Cancer (7th edition) stage IIIA or IIIB disease,
and 84% had non-small cell lung cancer. The median age
was 67 years, and most patients were Eastern Cooperative
Oncology Group performance status score 0 or 1. Most
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patients (86%) had at least 1 major medical comorbidity, as
summarized in Supplemental Table 1.
Physician assessed toxicity

Esophagitis and fatigue were the most commonly reported
grade ≥2 toxicities, occurring in 52% and 41% of patients,
respectively (Suppl. Table 2). A total of 111 patients were
observed to have grade ≥2 pneumonitis (crude rate of 8.2%)
at some point during the 6 months of follow up after RT.
Accounting for the incomplete follow up on many patients,
this corresponds to an estimated rate of 14.2% if all patients
had been seen at 1, 3, and 6 months. The mean AE score
(sum of grades of all CTCAE toxicities) increased from 1.9
at baseline to 4.4 at the end of RT, then decreased to 3.2, 3.0,
and 2.7 at 1, 3, and 6 months of follow up (Suppl. Fig. 1).
Patient-reported outcomes

The number of patients providing PROs (TOI) at the start of
RT (baseline), end of RT, as well as 1, 3, and 6 months after
RT were 885 (65%), 847 (62%), 707 (52%), 504 (37%), and
370 (27%), respectively. Of the 885 patients who completed
PROs at baseline, 749 (85%), 630 (71%), 445 (50%), and 325
(37%) also completed them at the end of RT, and 1, 3, and 6
months after RT, respectively. Patients who were missing
QoL information were similar to those completing the QoL
survey in terms of age, sex, race, and disease stage (Table 2).
Patients missing QoL information at 6 months were slightly
less likely to have Eastern Cooperative Oncology Group
Table 2 Distribution of missing QoL data at 6 months of follow u

Variable Level

Age, years

Sex Female

Male

Race Black and other

White

Number of comorbidities

Eastern Cooperative Oncology Group score 0/1

≥2

Stage IIA

IIB

IIIA

IIIB

Concurrent chemotherapy Yes

Trial outcome index at end of treatment

Abbreviations: QoL = quality of life; SD = standard deviation
performance status score 0/1 (87% vs 92%) and less likely to
have been treated with concurrent chemotherapy (57% vs
74%). Similarly, differences in mean TOI at the end of treat-
ment were small, although statistically significant (mean
TOI = 54 vs 52 in patients with vs without missing QoL at 6
months).

Average TOI scores and each component (lung cancer
subscale, physical well-being, and functional well-being)
declined significantly during RT, but then improved so that
by 6 months the mean values were near baseline values
(Suppl. Fig. 2). A majority of patients (53%) reported clini-
cally meaningful worsening of TOI from baseline to the end
of treatment compared with 37% of patients at 6 months
(Fig. 1). Of the 395 patients with declines in TOI at the end
of RT, 182 (46%) still reported declines at 1 month while
147 (37%) did not (17% missing). These numbers were 108
(27%) and 134 (34%) at 3 months (39% missing), and 73
(18%) and 92 (23%) at 6 months (59% missing).

Among the 3 subscales, clinically meaningful declines
were the most common for physical well-being, and clini-
cally meaningful improvements were more common for
functional well-being and the lung cancer subscale. At 6
months after RT, 42.5% of patients reported clinically mean-
ingful improvements in functional well-being, and 40.8%
reported clinically meaningful improvements in the lung
cancer subscale.
Predictors of patient-reported outcomes

To assess whether common clinician-reported grade ≥2 tox-
icities were associated with declines in patient-reported
p based on patient and tumor characteristics

Missing QoL
at 6 months

Not missing QoL
at 6 months P-value

n (%) or mean (SD) n (%) or mean (SD)

67.8 (9.74) 67.0 (9.77) .136

342 (46.5) 359 (49.2) .312

394 (53.5) 370 (50.8)

153 (20.8) 155 (21.3) .874

583 (79.2) 574 (78.7)

2.03 (1.40) 1.92 (1.35) .124

574 (87.0) 516 (92.0) .006

86 (13.0) 45 (8.0)

57 (7.74) 69 (9.47) .613

58 (7.88) 50 (6.86)

425 (57.7) 416 (57.1)

196 (26.6) 194 (26.6)

419 (56.9) 536 (73.5) < .001

54.4 (14.9) 51.9 (14.1) .011
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Fig. 1. Bar charts showing the percentage of patients with clinically meaningful declines, clinically meaningful improve-
ments, and no clinically meaningful changes in quality of life at different timepoints compared with the start of radiation ther-
apy. Abbreviations: FWB = functional well-being; LCS = lung cancer subscale; PWB = physical well-being; TOI = trial
outcome index.
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QoL, generalized linear mixed models were fit and adjusted
for many baseline patient factors (Table 3). Clinically mean-
ingful declines in patient-reported TOI were associated with
clinician-reported grade ≥2 pneumonitis (odds ratio [OR]:
4.39; 95% confidence interval [CI], 1.98-9.81; Model A),
fatigue (OR: 3.76; 95% CI, 2.46-5.73; Model B), and esopha-
gitis (OR: 2.69; 95% CI, 1.78-4.11; Model D) after control-
ling for clinical and treatment characteristics. Pneumonitis
and fatigue remained significant when both were included
(Model C). Time of evaluation was also significant in the
models with a reduced likelihood of TOI declines with
increasing time. Stage was marginally significant in the mul-
tivariable model (P = .07), with an increased stage associated
with higher odds of a decline in TOI.
Correlation of patient-reported outcomes with
CTCAE toxicity

Correlations between clinician and patient scores were weak
for several outcomes as measured by both clinicians and
patients: Cough (R = .34), dyspnea versus shortness of
breath (R = .36), and fatigue versus lack of energy (R = .33;
Table 4). Stronger but still moderate correlations were
observed between clinician-reported esophagitis and
patient-reported trouble swallowing (R = .67). The lowest
correlations were seen between clinician-reported pneumo-
nitis and patient-reported cough (R = .09) and shortness of
breath (R = .13). Correlations were still low when using the
change from baseline in the PROs (R = .12 for cough;
R = .16 for shortness of breath). To further characterize this
correlation, pneumonitis grade was plotted versus patient-
reported cough and shortness of breath in Figure 2 using
data at 1, 3, and 6 months after RT. Many patients with
grade ≥2 pneumonitis reported stable or improved
shortness of breath and cough. Conversely, there were also
patients with grade 0/1 pneumonitis who reported substan-
tial worsening of cough and shortness of breath.

Correlation coefficients between clinician-reported AEs
and overall patient-reported QoL (TOI and subscales) are
also listed in Table 4. The AE score had a stronger associa-
tion with these QoL metrics than any individual AE, with a
maximum negative correlation of −0.46 for TOI and −0.47
for physical well-being. Among individual AEs, fatigue had
the strongest negative associations with QoL, with a maxi-
mum negative correlation coefficient of −0.43 for physical
well-being.

The PRO “I am bothered by the side effect of treatment”
was weak-to-moderately associated with clinician-reported
AE score. Fatigue, esophagitis, and esophageal pain had
poorer associations for pneumonitis, cough, dyspnea, and
pleuritic pain (Suppl. Table 3).
Discussion
To our knowledge, this is the largest study reporting longi-
tudinal PROs and AEs for patients with LALC treated with
definitive RT or chemotherapy in routine clinical practice.
A majority of patients reported clinically meaningful
declines in QoL during RT with or without concurrent che-
motherapy. A substantial fraction of patients continued to
report poorer QoL even at 6 months after RT, particularly
for physical well-being. Conversely, a substantial percentage
of patients reported clinically meaningful improvements in
QoL after treatment, most notably for functional well-being
and the lung cancer subscale. Clinician-reported AEs were
significantly associated with clinically meaningful declines
in QoL during and after RT, but associations between AEs



Table 3 Generalized linear mixed effects models for associations between grade ≥2 toxicities and clinically meaningful
declines in TOI for all timepoints for pneumonitis (model A), fatigue (model B), and both pneumonitis and fatigue (model C),
and associations are limited to during and at the end of treatment for esophagitis (model D)

Model A Model B

Predictor OR (95% CI) P-value OR (95% CI) P-value

Baseline TOI 1.07 (1.05-1.08) < .001 1.07 (1.06-1.09) < .001

Time* − 1-month follow up 0.69 (0.50-0.95) .02 0.77 (0.55-1.07) .12

Time* − 3-month follow up 0.63 (0.44-0.92) .02 0.79 (0.54-1.14) .21

Time* − 6-month follow up 0.37 (0.24-0.56) < .001 0.45 (0.29-0.68) < .001

Age (years) 0.99 (0.97-1.01) .26 0.99 (0.97-1.01) .15

Sex (male) 0.87 (0.61-1.23) .41 0.90 (0.63-1.28) .56

Number of comorbidities 1.05 (0.92-1.20) .46 1.03 (0.91-1.18) .61

Eastern Cooperative Oncology Group score 1.18 (0.92-1.53) .20 1.10 (0.85-1.43) .47

Planning target volume (per 100 cc increase) 1.00 (0.94-1.06) .99 1.00 (0.94-1.06) .99

Neoadjuvant chemotherapy (present vs absent) 0.69 (0.34-1.43) .32 0.77 (0.37-1.57) .47

Adjuvant chemotherapy (present vs absent) 0.72 (0.41-1.27) .26 0.79 (0.45-1.40) .43

Concurrent chemotherapy (present vs absent) 1.32 (0.85-2.05) .21 1.24 (0.80-1.93) .33

Stage (Reference level IIA)
IIB
IIIA
IIIB

0.34 (0.13-0.86)
1.31 (0.71-2.42)
1.26 (0.64-2.50)

.02

.38

.50

0.31 (0.12-0.79)
1.35 (0.73-2.48)
1.32 (0.67-2.61)

.01

.34

.43

Histology (small cell vs non-small cell lung cancer) 1.08 (0.68-1.71) .76 1.01 (0.64-1.62) .95

Pneumonitis grade ≥2 4.39 (1.98-9.81) < .001

Fatigue grade ≥2 3.76 (2.46-5.73) < .001

Model C Model D

Predictor OR (95% CI) P-value OR (95% CI) P-value

Baseline TOI 1.07 (1.06-1.09) < .001 1.06 (1.04, 1.08) < .001

Time* − 1-month follow up 0.74 (0.53-1.03) .07

Time* − 3-month follow up 0.70 (0.48-1.03) .07

Time* − 6-month follow up 0.40 (0.26-0.62) < .001

Age (years) 0.99 (0.97-1.01) .15 1.01 (0.98, 1.03) .64

Sex (male) 0.92 (0.65-1.29) .62 1.01 (0.67, 1.52) .96

Number of comorbidities 1.04 (0.91-1.18) .59 1.06 (0.92, 1.23) .40

Eastern Cooperative Oncology Group score 1.10 (0.85-1.41) .47 1.15 (0.85, 1.54) .36

Planning target volume (per 100 cc increase) 1.00 (0.94-1.06) .96 1.01 (0.94, 1.08) .75

Neoadjuvant chemotherapy (present vs absent) 0.69 (0.34-1.40) .30 0.51 (0.21, 1.17) .12

Adjuvant chemotherapy (present vs absent) 0.74 (0.42-1.29) .29 0.84 (0.44, 1.59) .59

Concurrent chemotherapy (present vs absent) 1.27 (0.83-1.95) .28 1.07 (0.64, 1.78) .80

Stage (vs. IIA)
IIB
IIIA
IIIB

0.31 (0.13-0.79)
1.34 (0.73-2.44)
1.32 (0.68-2.58)

.01

.34

.41

0.23 (0.07-0.67)
0.92 (0.45-1.88)
0.97 (0.44-2.16)

.009

.81

.94

Histology (non-small vs small cell lung cancer) 1.04 (0.66-1.64) .87 0.94 (0.55-1.60) .81

Pneumonitis grade ≥2 3.56 (2.34-5.43) < .001

Fatigue grade ≥2 3.87 (1.71-8.75) .001

Any esophagitis grade ≥2 during radiation
therapy or end of treatment

2.69 (1.78-4.11) < .001

Abbreviations: CI = confidence interval; OR = odds ratio; SD = standard deviation
* Reference time is end of treatment

Volume 112 � Number 4 � 2022 Symptoms during RT for lung cancer 947



Table 4 Spearman correlation coefficients between PROs and clinician-reported AEs

PRO (specific symptom) PRO (quality of life)

AE Cough
Shortness
of breath

Trouble
swallowing

Lack of
energy

Trial outcome
index

Physical
well-being

Functional
well-being

Lung cancer
subscale

Cough 0.34 −0.21 −0.16 −0.13 −0.26

Dyspnea 0.36 −0.31 −0.26 −0.22 −0.33

Pneumonitis 0.09 0.13 −0.07 −0.07 −0.04 −0.10

Pleuritic pain 0.07 0.09 −0.13 −0.14 −0.07 −0.13

Esophagitis 0.67 −0.29 −0.33 −0.19 −0.19

Esophageal pain 0.65 −0.25 −0.31 −0.16 −0.16

Fatigue 0.33 −0.41 −0.43 −0.32 −0.29

AE score −0.46 −0.47 −0.31 −0.39

Abbreviations: AE = adverse event; PRO = patient-reported outcome
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and PROs (including QoL) were weak to moderate, and
pneumonitis was only minimally associated with patient-
reported cough and shortness of breath.

Our QoL findings compare favorably with those of other
studies in which average declines in QoL tended to be longer
lasting.10,12,14 Both Radiation Therapy Oncology Group
study 0617 and the pooled results of 2 prospective clinical
trials comparing concurrent chemotherapy or cetuximab
showed significant declines in overall QoL and physical
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functioning that remained at 3 months after RT.10,12 We
found clinically meaningful declines in TOI and physical
well-being at the end of RT, but neither of these remained
meaningful 3 months later. Only 65% of patients in our
study received concurrent chemotherapy, and the details of
this use are not completely known so the utility of direct
comparisons with these research trials that included concur-
rent chemotherapy for all patients is limited. However, we
found that a substantial percentage of patients had clinically
Pneumonitis grade vs. change in
PROs shortness of breath from baseline

Pneumonitis grade vs. change in
PROs cough from baseline

Change in PROs 

shortness of breath

Correlation of Change in PROs Cough
and Pneumonitis Grade:

0.122

Correlation of Change in PROs shortness of breath
and Pneumonitis Grade:

0.159

Color indicates change in PROs shortness of breath from baseline.

Color indicates change in PROs cough from baseline.

4

3

2

1

0

P
n

e
u

m
o

n
it

is
 g

ra
d

e

4

3

2

1

0

Change in PROs shortness of breath from baseline
Positive change score corresponds to worsening shortness of breath.

Change in PROs cough from baseline
Positive change score corresponds to worsening cough.

–2.5 0.0 2.5

–2.5 0.0 2.5

4
2 
0
–2
–4

Change in

PROs cough
4
2 
0
–2
–4

Pneumonitis grade vs. change in
PROs shortness of breath from baseline

Pneumonitis grade vs. change in
PROs cough from baseline

Change in PROs 

shortness of breath

Correlation of Change in PROs Cough
and Pneumonitis Grade:

0.122

Correlation of Change in PROs shortness of breath
and Pneumonitis Grade:

0.159

Color indicates change in PROs shortness of breath from baseline.

Color indicates change in PROs cough from baseline.

4

3

2

1

0

P
n

e
u

m
o

n
it

is
 g

ra
d

e

4

3

2

1

0

Change in PROs shortness of breath from baseline
Positive change score corresponds to worsening shortness of breath.

Change in PROs cough from baseline
Positive change score corresponds to worsening cough.

–2.5 0.0 2.5

–2.5 0.0 2.5

4
2 
0
–2
–4

Change in

PROs cough
4
2 
0
–2
–4

n patient-reported cough from baseline, and (B) change in



Volume 112 � Number 4 � 2022 Symptoms during RT for lung cancer 949
meaningful improvements in QoL during and after RT,
which explains why the mean changes in QoL are not more
pronounced in our cohort. Moreover, we did not find statis-
tically significant differences in QoL changes for those
patients who did or did not receive chemotherapy with RT.

AEs in our study were significantly associated with clini-
cally meaningful declines in QoL, with ORs ranging from
2.70 to 4.39 for esophagitis, pneumonitis, and fatigue. How-
ever, correlations between AEs and PROs (including QoL)
were weak to moderate. Other investigators have similarly
found fair or moderate associations between PROs and AEs
across a range of cancers.7,19,21,26-29 Specifically for lung can-
cer, Atherton et al.19 found more substantial declines in QoL
for patients who had higher grade toxicities during treat-
ment, but a low correlation between PROs and AEs. We
also found that the overall AE score had a stronger negative
correlation with QoL than any individual AE, and that
fatigue had a stronger association with QoL than any of the
more lung-specific AEs. This agrees with the results of a
recent single-institution analysis of patients treated with RT
for head and neck cancer28 and a survey of patients with
lung cancer who rated global symptoms as more important
than more specific disease symptoms or side effects.30

Our results underscore the importance of PRO data in
evaluating the effect of treatment on patient well-being. AEs
have a clearly defined scale, but their relatively weak associa-
tions with QoL suggest that they are unable to capture the
overall impact of treatment. This is further underscored by
the low-moderate correlation between AE score and the
general PRO “I am bothered by the side effects of treatment”
(R = .37), which has previously been investigated as a single-
item measure of overall treatment toxicity.27 Patient input is
clearly needed to assess the impact of toxicity, even if only a
single item is used for efficiency. This is likely to become
increasingly more important as we shift to providing more
virtual care, an environment in which some AEs are more
difficult to capture.

Our study also highlights the challenges for clinicians in
grading toxicities for patients with lung cancer, especially
those that are common at baseline in this patient popula-
tion. Associations between clinician and patient reports for
cough, dyspnea, and fatigue were moderate at best, with cor-
relation coefficients of 0.34, 0.36, and 0.33, respectively. On
the other hand, the association between esophagitis and
trouble swallowing, which is typically not present at base-
line, was much stronger with a correlation coefficient of
0.67. This may be because esophagitis is easier to quantify
than more subjective toxicities31 that are more easily attrib-
utable to RT or because medications are readily available to
treat this side effect during RT.

The reasons for the very weak associations between
pneumonitis and both cough and shortness of breath are
less clear, because these are typically symptoms for this tox-
icity. This is more complicated because a single toxicity typi-
cally causes multiple symptoms, including low-grade fever,
which is not a PRO in our study. However, some patients
with grade 2 or 3 pneumonitis surprisingly reported
improved cough and/or shortness of breath. One possible
explanation for these results is that pneumonitis generally
occurs several weeks after RT when patients are not seen
weekly. Conceivably, treatment of pneumonitis with steroids
would improve symptoms by the next follow-up visit when
PROs are provided, but still recorded as a toxicity requiring
intervention at that time. Regardless of the reasons, this dis-
crepancy is a clear example of the utility of recording AE
grades in addition to PROs to monitor toxicity.

The major strengths of this study are the number of
patients included and its applicability to the routine clinical
environment. Patients were treated at 24 institutions
throughout the state of Michigan, ranging from smaller
community practice settings to large academic institutions.
The quality consortium also facilitated prospective data col-
lection, which undoubtedly improved the response rate.
However, the major limitation remains missing data, partic-
ularly at the later follow-up times. The response rate at the
end of RT was similar to the rate before treatment, and
decreased by 20%, 43%, and 60% at 1, 3, and 6 months after
RT. Although some of this attrition was likely due to patient
mortality, there also could be other nonrandom factors con-
tributing. However, the response rates in our study are rea-
sonable for LALC, particularly for patients not treated as
part of a clinical trial.10,12 Another limitation of our study
was that recurrence rates were not collected and could not
be incorporated into our analysis.
Conclusions
Patients treated with definitive RT or chemotherapy for
LALC in a statewide consortium experienced clinically mean-
ingful declines in QoL that peaked at the end of treatment
when AEs were also at a maximum. On average, recovery or
improvement was rapid and by 6 months after treatment, an
equal number of patients had clinically meaningful improve-
ments as declines in QoL. Clinician-reported AEs were asso-
ciated with clinically meaningful declines in patient-reported
QoL, but correlations between AEs and QoL (and other
PROs) were only weak to moderate. This suggests that treat-
ment-related AEs account for only a portion of QoL changes
that patients experience, and reinforces the importance of
PRO data to better understand the effect of cancer treatment
on patient well-being. Future research should assess whether
earlier detection of PRO changes could allow for interven-
tions that reduce the frequency of treatment-related clinically
meaningful declines in QoL.
References

1. Basch E. Beyond the FDA PRO guidance: Steps toward integrating
meaningful patient-reported outcomes into regulatory trials and U.S.
drug labels. Value Health 2012;15:401–403.

2. Cleeland CS, Sloan JA, Cella D, et al. Recommendations for including
multiple symptoms as endpoints in cancer clinical trials: A report from

http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0001
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0001
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0001
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0002
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0002


950 Wilkie et al. International Journal of Radiation Oncology � Biology � Physics
the ASCPRO (Assessing the Symptoms of Cancer Using Patient-Reported
Outcomes) Multisymptom Task Force. Cancer 2013;119:411–420.

3. Dueck AC, Mendoza TR, Mitchell SA, et al. Validity and reliability of
the U.S. National Cancer Institute’s patient-reported outcomes version
of the Common Terminology Criteria for Adverse Events (PRO-
CTCAE). JAMA Oncol 2015;1:1051–1059.

4. Reeve BB, Mitchell SA, Dueck AC, et al. Recommended patient-
reported core set of symptoms to measure in adult cancer treatment
trials. J Natl Cancer Inst 2014;106:dju129.

5. Gotay CC, Kawamoto CT, Bottomley A, Efficace F. The prognostic sig-
nificance of patient-reported outcomes in cancer clinical trials. J Clin
Oncol 2008;26:1355–1363.

6. Lemonnier I, Guillemin F, Arveux P, et al. Quality of life after the initial
treatments of non-small cell lung cancer: A persistent predictor for
patients’ survival. Health Qual Life Outcomes 2014;12:73.

7. Quinten C, Maringwa J, Gotay CC, et al. Patient self-reports of symp-
toms and clinician ratings as predictors of overall cancer survival. J
Natl Cancer Inst 2011;103:1851–1858.

8. Basch E, Deal AM, Dueck AC. Overall survival results of a trial assess-
ing patient-reported outcomes for symptom monitoring during routine
cancer treatment. JAMA 2017;318:197–198.

9. Movsas B, Moughan J, Sarna L, et al. Quality of life supersedes the clas-
sic prognosticators for long-term survival in locally advanced non-
small-cell lung cancer: An analysis of RTOG 9801. J Clin Oncol
2009;27:5816–5822.

10. Movsas B, Hu C, Sloan J, et al. Quality of life analysis of a radiation
dose-escalation study of patients with non-small-cell lung cancer: A
secondary analysis of the Radiation Therapy Oncology Group 0617
randomized clinical trial. JAMA Oncol 2016;2:359–367.

11. Brahmer JR, Rodriguez-Abreu D, Robinson AG, et al. Health-related
quality-of-life results for pembrolizumab versus chemotherapy in
advanced, PD-L1-positive NSCLC (KEYNOTE-024): A multicentre,
international, randomised, open-label phase 3 trial. Lancet Oncol
2017;18:1600–1609.

12. Hallqvist A, Bergman B, Nyman J. Health related quality of life in
locally advanced NSCLC treated with high dose radiotherapy and con-
current chemotherapy or cetuximab—Pooled results from two pro-
spective clinical trials. Radiother Oncol 2012;104:39–44.

13. Hechtner M, Krause M, Konig J, et al. Long-term quality of life in inop-
erable non-small cell lung cancer patients treated with conventionally
fractionated compared to hyperfractionated accelerated radiotherapy -
Results of the randomized CHARTWEL trial. Radiother Oncol
2018;126:283–290.

14. Nguyen PAH, Vercauter P, Verbeke L, Beelen R, Dooms C, Tournoy
KG. Health outcomes for definite concurrent chemoradiation in locally
advanced non-small cell lung cancer: A prospective study. Respiration
2019;97:310–318.

15. Ran J, Wang J, Bi N, et al. Health-related quality of life in long-term
survivors of unresectable locally advanced non-small cell lung cancer.
Radiat Oncol 2017;12:195.

16. Reck M, Brahmer J, Bennett B, et al. Evaluation of health-related qual-
ity of life and symptoms in patients with advanced non-squamous
non-small cell lung cancer treated with nivolumab or docetaxel in
CheckMate 057. Eur J Cancer 2018;102:23–30.

17. Wang XS, Shi Q, Williams LA, et al. Prospective study of patient-
reported symptom burden in patients with non-small-cell lung cancer
undergoing proton or photon chemoradiation therapy. J Pain Symptom
Manage 2016;51:832–838.

18. van der Weijst L, Surmont V, Schrauwen W, Lievens Y. Systematic lit-
erature review of health-related quality of life in locally-advanced non-
small cell lung cancer: Has it yet become state-of-the-art? Crit Rev
Oncol Hematol 2017;119:40–49.

19. Atherton PJ, Watkins-Bruner DW, Gotay C, et al. The complementary
nature of patient-reported outcomes and adverse event reporting in
cooperative group oncology clinical trials: A pooled analysis (NCCTG
N0591). J Pain Symptom Manage 2015;50:470–479. e9.

20. Gordon BBE, Chen RC. Patient-reported outcomes in cancer survivor-
ship. Acta Oncol 2017;56:166–173.

21. Moon DH, Chera BS, Deal AM, Wang Y, Muss HB, VanderWalde NA.
Clinician-observed and patient-reported toxicities and their association
with poor tolerance to therapy in older patients with head and neck or
lung cancer treated with curative radiotherapy. J Geriatr Oncol
2019;10:42–47.

22. Cella DF, Bonomi AE, Lloyd SR, Tulsky DS, Kaplan E, Bonomi P. Reli-
ability and validity of the Functional Assessment of Cancer Therapy-
Lung (FACT-L) quality of life instrument. Lung Cancer 1995;12:199–
220.

23. Butt Z, Webster K, Eisenstein AR, et al. Quality of life in lung cancer:
The validity and cross-cultural applicability of the Functional Assess-
ment Of Cancer Therapy-Lung scale. Hematol Oncol Clin North Am
2005;19:389–420. viii.

24. Cella D, Eton DT, Fairclough DL, et al. What is a clinically mean-
ingful change on the Functional Assessment of Cancer Therapy-
Lung (FACT-L) Questionnaire? Results from Eastern Cooperative
Oncology Group (ECOG) Study 5592. J Clin Epidemiol
2002;55:285–295.

25. Le-Rademacher JG, Hillman S, Storrick E, et al. Adverse event burden
score-A versatile summary measure for cancer clinical trials. Cancers
2020;12:3251.

26. Atkinson TM, Ryan SJ, Bennett AV, et al. The association between cli-
nician-based common terminology criteria for adverse events
(CTCAE) and patient-reported outcomes (PRO): A systematic review.
Support Care Cancer 2016;24:3669–3676.

27. Pearman TP, Beaumont JL, Mroczek D, O’Connor M, Cella D.
Validity and usefulness of a single-item measure of patient-
reported bother from side effects of cancer therapy. Cancer
2018;124:991–997.

28. Wilkie JR, Mierzwa ML, Yao J, et al. Big data analysis of associations
between patient reported outcomes, observer reported toxicities, and
overall quality of life in head and neck cancer patients treated with
radiation therapy. Radiother Oncol 2019;137:167–174.

29. Xiao C, Polomano R, Bruner DW. Comparison between patient-
reported and clinician-observed symptoms in oncology. Cancer Nurs
2013;36:E1–E16.

30. Gralla RJ, Hollen PJ, Msaouel P, Davis BV, Petersen J. An evidence-
based determination of issues affecting quality of life and patient-
reported outcomes in lung cancer: Results of a survey of 660 patients. J
Thorac Oncol 2014;9:1243–1248.

31. Basch E, Iasonos A, McDonough T, et al. Patient versus clinician symp-
tom reporting using the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events: Results of a questionnaire-based
study. Lancet Oncol 2006;7:903–909.

http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0002
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0002
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0003
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0003
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0003
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0003
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0004
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0004
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0004
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0005
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0005
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0005
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0006
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0006
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0006
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0007
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0007
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0007
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0008
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0008
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0008
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0009
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0009
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0009
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0009
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0010
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0010
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0010
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0010
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0011
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0011
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0011
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0011
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0011
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0012
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0012
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0012
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0012
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0013
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0013
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0013
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0013
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0013
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0014
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0014
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0014
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0014
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0015
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0015
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0015
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0016
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0016
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0016
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0016
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0017
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0017
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0017
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0017
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0018
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0018
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0018
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0018
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0019
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0019
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0019
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0019
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0020
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0020
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0021
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0021
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0021
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0021
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0021
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0022
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0022
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0022
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0022
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0023
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0023
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0023
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0023
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0024
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0024
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0024
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0024
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0024
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0025
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0025
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0025
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0026
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0026
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0026
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0026
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0027
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0027
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0027
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0027
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0028
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0028
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0028
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0028
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0029
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0029
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0029
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0030
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0030
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0030
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0030
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0031
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0031
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0031
http://refhub.elsevier.com/S0360-3016(21)03222-3/sbref0031

	Association Between Physician- and Patient-Reported Symptoms in Patients Treated With Definitive Radiation Therapy for Locally Advanced Lung Cancer in a Statewide Consortium
	Introduction
	Methods and Materials
	Patients and data collection
	Outcomes
	Statistical methods

	Results
	Physician assessed toxicity
	Patient-reported outcomes
	Predictors of patient-reported outcomes
	Correlation of patient-reported outcomes with CTCAE toxicity

	Discussion
	Conclusions
	Outline placeholder
	References




