
© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2019;8(4):332-339 | http://dx.doi.org/10.21037/tlcr.2019.08.21

Original Article
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following definitive chemoradiation in patients with locally 
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Background: The purpose of this study was to evaluate baseline demographic characteristics which may 
be associated with worse health related quality of life (HRQOL) for patients with locally advanced non-small 
cell lung cancer (NSCLC) receiving definitive chemoradiation (CRT).
Materials: Patients with NSCLC were prospectively enrolled on an Institutional Review Board-approved 
clinical trial between 2009 and 2012. HRQOL assessments were collected pre-radiation therapy (RT), during 
RT, and within 3 months post-RT using Euroqol (EQ-5D), MD Anderson Symptom Inventory (MDASI), 
and Functional Assessment of Cancer Therapy General (FACT-G). HRQOL correlation was assessed with 
categorical variables by Wilcoxon rank sum tests and with continuous variables by Pearson correlation. 
P<0.05 was defined as statistically significant.
Results: Forty-three consecutive patients received definitive concurrent CRT and completed assessments 
at one or more time-points. Patients most commonly had stage IIIB disease (72%), were married or with 
a partner (70%) and Caucasian (91%). Median patient age was 65 (range: 39–79) years and Charlson 
comorbidity index (CCI) was 0 (range: 0–5). Female gender, African-American ethnicity, age, chemotherapy 
type, baseline hemoglobin, and CCI were associated with worse post-treatment HRQOL measures.
Conclusions: We have identified novel characteristics associated with worse quality of life following 
definitive CRT for lung cancer. Patients at risk for worse post-treatment quality of life may benefit from 
earlier follow-up and greater supportive measures following treatment.
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Introduction

Lung cancer is the leading cause of cancer-related death in 
the United States, with 224,000 cases and 158,000 deaths in 
2016 (1). Approximately one-third of patients present with 
locally advanced non-small cell lung cancer (LA-NSCLC) (2). 
These patients receive multi-modality therapy which may 
include chemotherapy, radiation therapy (RT), and surgery.

Pre-treatment demographic characteristics including 
race, age, Karnofsky performance status, marital status, 
education level, income level, and employment have been 
associated with worse health related quality of life (HRQOL) 
outcomes in patients with head-and-neck, esophageal, lung, 
and prostate cancer (3). In lung cancer specifically, age, 
gender, income, insurance, smoking status, and symptoms 
of disease have all been shown to contribute to overall 
quality of life (4).

In lung cancer patients treated with definit ive 
chemoradiation (CRT), quality of life has also been shown 
to contribute to long-term outcomes. Baseline physical 
functioning as assessed by the European Organization 
for Research and Treatment of Cancer Quality of Life 
Questionnaire C30 (EORTC QLQ-C30) questionnaire was 
an independent predictor of overall survival (OS) in patients 
prospectively treated on the Radiation Therapy Oncology 
Group (RTOG) 9801 (3). Baseline lung Cancer 13 (LC-13) 
dyspnea score and Functional Assessment of Cancer Therapy 
(FACT)-Trial Outcome Index (TOI) have also been shown 
to independently predict for OS in these patients (5,6).

While demographic characteristics have been shown to 
correlate with baseline HRQOL measures in patients with 
LA-NSCLC, few studies have evaluated post-treatment 
HRQOL in these patients. In this study, we sought to 
evaluate the impact of demographic characteristics on post-
treatment HRQOL in patients with LA-NSCLC treated 
with definitive CRT, to evaluate changes in HRQOL over 
time, and study correlation of pre and post-treatment 
HRQOL measures with OS. We hypothesize that baseline 
demographic characteristics may be correlated with post-
treatment HRQOL measures.

Methods

After informed consent, patients with NSCLC were 
prospectively enrolled on an Institutional-Review Board 
(IRB) approved study (IRB 808014) at the Hospital of 
the University of Pennsylvania between 2009 and 2012. 
Inclusion criteria included patients with stage I, II, and 

III NSCLC. Other eligibility criteria included being aged 
18 and over and having the ability to read and understand 
English. Exclusion criteria for the study included stage IV 
disease or patients treated without radiation.

QOL assessments were collected pre-RT, during RT, 
and within 3 months post-RT using Euroqol (EQ-5D), MD 
Anderson Symptom Inventory (MDASI), and functional 
assessment of cancer therapy-general (FACT-G). Patients 
were given surveys to complete prior to seeing the physician 
at each time-point.

Clinical data were abstracted from patients’ electronic 
medical records. Other pre-specified data abstracted 
included patient age, sex, race, smoking status, performance 
status, baseline hemoglobin, tumor histology, Charlson 
comorbidity index (CCI) (7), body mass index (BMI), and 
radiation modality. BMI was assessed at the pre-treatment 
consultation using the standard formula of weight in 
kilograms divided by height in meters squared. BMI cut-
offs were as defined by the Centers for Disease Control 
including underwent, normal, overweight, and obese were 
<18.5, 18.5–24.9, 25.0–29.9, ≥30 kg/m2, respectively.

HRQOL correlation with categorical variables was 
assessed for categorical variables by Wilcoxon rank sum tests 
and for continuous variables by Pearson correlation. CCI 
was further evaluated by adjusting for co-variables using 
linear regression analysis. Comparison of means across 
time was performed by Student’s t-test. The Kaplan-Meier 
method was used to estimate OS. Univariable analysis was 
performed using the log-rank test. P<0.05 was considered 
statistically significant. In this hypothesis-generating study, 
no adjustments were made for multiple comparisons.

Results

Forty-three consecutive patients with LA-NSCLC treated 
with definitive CRT were enrolled and completed one 
or more QOL assessments. Nineteen patients (44%) 
completed an initial and on-treatment assessment but did 
not complete a follow-up assessment. The patients who 
completed follow-up assessments did not differ from those 
who did not with respect to CCI, BMI, cancer stage, or 
history of prior RT (P≥0.05).

Patients were a median age of 65 (range: 39–79) years 
(Table 1). Patients were predominantly male (60%), obese 
or overweight (77%), married or with a partner (70%), and 
Caucasian (91%). Patients smoked a median of 40 (range, 
0–100) pack-years. Of all patients, 2 were never smokers. 
Median CCI was 0 (range, 0–5). Seventy-two percent 
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of patients were stage IIIB and 56% were treated with a 
cisplatin-based doublet chemotherapy regimen. Median 
radiotherapy dose was 66.6 (range: 45–79.2) Gy using 
photon (93%) or proton (7%) plans.

On univariable analysis, pre-treatment carboplatin-
based chemotherapy was associated with worse MDASI 
dry mouth (2.5 vs. 0.9, P=0.04). Age >60 was associated 
with worse MDASI sadness scores (3.7 vs. 1.7, P=0.03). 
Female gender was associated with worse MDASI sadness 
(3.1 vs. 1.5, P=0.03), distress (3.4 vs. 1.7, P=0.01), and 
overall severity score (27.2 vs. 15.2, P=0.04). Hemoglobin 
<12 was associated with worse MDASI pain (4.2 vs. 0.5, 
P<0.01) and fatigue (3.2 vs. 2.1, P<0.01). Lower tumor stage 

was associated with worse MDASI sleep interference (2.9 
vs. 0.7, P<0.01) and fatigue (3.4 vs. 1.0, P<0.01). Higher 
tumor stage was associated with worse FACT-G emotional 
functioning (15.4 vs. 18.6, P<0.01). Non-white patients 
reported worse MDASI numbness (2.3 vs. 0.5, P<0.01) 
(Table 2). Higher CCI was associated with worse pre-
treatment MDASI memory scores (r=0.4, P=0.03) (Table 3). 
Higher CCI was also associated with receipt of carboplatin-
based chemotherapy, >40 pack-year smoking history, and 
squamous histology (P≤0.02).

Post-treatment, carboplatin-based chemotherapy was 
associated with worse EQ-5D index value (0.7 vs. 0.9, 
P<0.01) and MDASI distress (3.0 vs. 0.8, P=0.04), memory 
(3.6 vs. 0.5, P<0.01), and overall severity scores (39.4 vs. 
14.9, P=0.02). Carboplatin-based chemotherapy was also 
associated with worse FACT-G fatigue (2.6 vs. 5.4, P=0.02). 
Cisplatin-based chemotherapy was associated with worse 
FACT-G physical functioning score (17.0 vs. 23.1, P=0.02).

Non-white ethnicity was associated with worse MDASI 
nausea (1.0 vs. 0.0, P<0.01) and pain (4.3 vs. 1.4, P=0.03). 
Age >60 was associated with worse MDASI dry mouth (2.7 
vs. 0.8, P=0.03) and memory scores (3.2 vs. 0.4, P<0.01). 
Hemoglobin <12 mg/dL was associated with worse MDASI 
shortness of breath (SOB) (3.0 vs. 0.0, P=0.04). Female 
gender was associated with worse FACT-G emotional score 
(16.0 vs. 21.3, P=0.02) (Table 2).

CCI was associated with worse post-treatment EQ-5D 
index score (r=−0.5, P=0.01) and visual analog scores (r=−0.4, 
P=0.04). CCI was associated with worse MDASI distress 
(r=0.6, P<0.01), sleep interference (r=0.5, P=0.02), general 
activity (r=0.5, P=0.03), mood (r=0.5, P=0.01), numbness 
(r=0.5, P=0.03), relationships (r=0.7, P<0.01), sadness (r=0.6, 
P<0.01), SOB (r=0.4, P=0.03), work interference (r=0.6, 
P=0.03), overall interference (r=0.6, P<0.01), walking (r=0.6, 
P<0.01), and overall severity scores (r=0.4, P=0.04) (Table 3).

After adjustment for co-variables, CCI remained 
significantly associated with post-treatment MDASI SOB 
(P=0.01) and overall severity score (P=0.04) (Table 4, Figure 1).

There was no significant change in HRQOL parameters 
post-treatment as compared to baseline (Table 5).

Median follow up was 50.0 (range: 11.0–67.3) months. 
Median OS was 22.0 (range: 2.4–67.3) months (Figure 2). 
No HRQOL parameters were found to be significantly 
associated with OS.

Discussion

In this study we examine the effects of demographic 

Table 1 Patient characteristics

Characteristic N (%)

Age (years)

Median, range 65, 39–79

Sex

Female 17 (40%)

Male 26 (60%) 

Smoking status

Median pack-years, range 40, 0–100

Marital status

Married/with partner 30 (70%)

Divorced/widowed/single/separated 13 (30%)

BMI

Obese 9 (21%)

Overweight 24 (56%)

CCI

Median, range 0, 0–5

Ethnicity

Caucasian 39 (91%)

African American 4 (9%)

Stage

II/IIIA 12 (28%)

IIIB 31 (72%)

Chemotherapy

Cisplatin-based doublet 24 (56%)

Carboplatin-based doublet 19 (44%)

BMI, body mass index; CCI, Charlson comorbidity score.
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Table 2 Univariable analysis of baseline demographic characteristics and HRQOL outcomes for categorical variables

Time point HRQOL measure Characteristic Mean 95% CI P value

Pre-treatment FACT-G emotional Stage IIIB 15.4 13.2–17.8 <0.01

18.6 15.6–21.5

MDASI distress Female gender 3.4 1.8–5.0 0.01

1.7 0.4–3.2

MDASI dry mouth Carboplatin-based chemo 2.5 0.6–4.4 0.04

0.9 −0.1–1.8

MDASI fatigue Stage II/IIIA 3.4 2.2–4.5 <0.01

1.0 −1.0–3.0

Hemoglobin <12 3.2 −1.3–7.7 <0.01

2.1 1.1–3.1

MDASI numbness Non-white ethnicity 2.3 −3.4–8.1 <0.01

0.5 0.2–0.9

MDASI pain Hemoglobin <12 4.2 −1.2–9.9 <0.01

0.5 0.2–1.1

MDASI sadness Age >60 3.7 1.7–4.6 0.03

1.7 0.5–2.3

Female gender 3.1 1.8–4.5 0.03

1.5 0.5–2.7

MDASI severity Female gender 27.2 15.2–39.2 0.04

15.2 7.5–25.9

MDASI sleep interference Stage II/IIIA 2.9 1.8–4.03 <0.01

0.7 −0.3–3.2

Post-treatment EQ-5D index value Carboplatin-based chemo 0.7 0.3–0.9 <0.01

0.9 0.6–1.0

FACT-G emotional score Female gender 16.0 12.1–19.9 0.02

21.3 19.4–23.1

FACT-G fatigue Carboplatin-based chemo 2.6 1.3–3.9 0.02

5.4 3.1–7.6

FACT-G physical functioning Cisplatin-based chemo 17.0 11.2–22.8 0.02

23.1 20.1–26.1

MDASI distress Carboplatin-based chemo 3.0 0.5–5.5 0.04

0.8 0.1–1.5

MDASI dry mouth Age >60 2.7 0.9–4.5 0.03

0.8 −0.5–2.2

MDASI memory Age >60 3.2 1.5–4.9 <0.01

0.4 −0.3–1.1

Carboplatin-based chemo 3.6 1.5–5.8 <0.01

0.5 −0.6–1.6

MDASI nausea/vomiting Non-white ethnicity 1.0 −0.8–2.1 <0.01

0.0 0.0–0.0

MDASI pain Non-white ethnicity 4.3 −3.6–12.3 0.03

1.4 −1.5–4.3

MDASI severity Carboplatin-based chemo 39.4 20.1–58.1 0.02

14.9 6.2–23.6

MDASI SOB Hemoglobin <12 3.0 1.6–4.3 0.04

0.0 0.0–0.0

HRQOL, health-related quality of life; FACT-G, functional assessment of cancer therapy general; MDASI, MD Anderson Symptom 
Inventory; SOB, shortness of breath; chemo, chemotherapy.
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characteristics on pre and post-treatment HRQOL in 
patients with LA-NSCLC treated with definitive intent 
CRT. Post-treatment, CCI was found to be associated with 
numerous HRQOL parameters on univariable analysis and 
with EQ-5D index value and MDASI SOB and distress after 
adjustment for co-variables. Other clinical characteristics 
which may impact HRQOL include non-white ethnicity, age, 
baseline hemoglobin, chemotherapy subtype, and gender.

Many of the characteristics associated with HRQOL 

outcomes on this study have been shown to be significant 
in other settings. In a study of inoperable NSCLC patients 
including those treated with concomitant CRT, women 
reported significantly worse emotional functioning at 
baseline with non-significantly lower values on treatment 
and three months after baseline assessments (8). Male 
gender has also been correlated with better emotional and 
physical well-being in patients with metastatic cancers (9). 
Our study similarly suggests that female gender may be 
a risk factor for worse emotional functioning following 
definitive CRT for LA-NSCLC.

Advanced age has been correlated with improvement in 
some HRQOL domains and decreased outcomes in other. 
Studies of terminally ill cancer patients have demonstrated 
decreased pain and improved emotional functioning in older 
patients as compared to younger patients (9,10). However, 
age greater than 65 has also been associated with worse 
HRQOL in lung cancer patients with solitary nodules 
and metastatic disease (5,11,12). Patients with advanced 
NSCLC receiving chemotherapy only were found to have 
a decrease in physical function score by 0.44 as assessed by 
the EORTC QLQ-C30 for each increase additional year 
of age (13). In our study, age greater than 60 was associated 

Table 3 Univariable analysis of baseline demographic characteristics and HRQOL outcomes for continuous variables

Time point HRQOL measure Characteristic R P value

Pre-treatment MDASI memory CCI 0.4 0.03

Post-treatment EQ-5D index value CCI −0.5 0.01

EQ-5D vas score CCI −0.4 0.04

MDASI distress CCI 0.6 <0.01

MDASI general activity CCI 0.5 0.03

MDASI interference CCI 0.6 <0.01

MDASI mood CCI 0.5 0.01

MDASI numbness CCI 0.5 0.03

MDASI relationships CCI 0.7 <0.01

MDASI sadness CCI 0.6 <0.01

MDASI severity CCI 0.4 0.04

MDASI sleep interference CCI 0.5 0.02

MDASI SOB CCI 0.4 0.03

MDASI walking CCI 0.6 <0.01

MDASI work interference CCI 0.6 0.03

HRQOL, health-related quality of life; EQ-5D, Euroqol 5-Dimension; VAS, visual analog scale; MDASI, MD Anderson Symptom Inventory; 
CCI, Charlson comorbidity index; SOB, shortness of breath; chemo, chemotherapy.

Table 4 Association of CCI and post-treatment HRQOL after 
adjustment for co-variables

HRQOL measure P value

EQ-5D index value 0.05

MDASI distress 0.09

MDASI severity score 0.01

MDASI SOB 0.04

HRQOL, health-related quality of l i fe; EQ-5D, Euroqol 
5-Dimension; VAS, visual analog scale; MDASI, MD Anderson 
Symptom Inventory; SOB, shortness of breath; CCI, Charlson 
comorbidity index.
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Figure 1 MDASI severity (A) and MDASI SOB (B) by CCI above or below the median over time. MDASI, MD Anderson Symptom 
Inventory; SOB, shortness of breath; CCI, Charlson comorbidity index.

Table 5 Pre and post-treatment HRQOL values

HRQOL variable Pre-RT (mean) Post-RT (mean) P

EQ-5D VAS score 66 72 0.34

EQ-5D index value 0.86 0.83 0.34

FACT-G emotional score 16 18 0.18

FACT-G functional score 15 17 0.25

FACT-G physical score 22 21 0.80

FACT-G social score 23 25 0.09

FACT-G sum 75 81 0.80

MDASI interference score 13 15 0.56

MDASI severity score 20 23 0.54

HRQOL, health-related quality of l i fe; EQ-5D, Euroqol 
5-Dimension; VAS, visual analog scale; FACT-G, Functional 
Assessment of Cancer Therapy General; MDASI, MD Anderson 
Symptom Inventory; RT, radiation therapy.
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with worse symptoms including dry mouth and memory 
dysfunction without significant differences in physical, 
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Race has been associated with worse outcome in patients 
with cancer including lung cancer. In their analysis, Movsas 
et al. found significantly worse pre-treatment FACT scores 
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similarly find that African American race is associated with 
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response and survival outcomes, although has been related 
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as number of comorbid conditions, simplified comorbidity 
score, and CCI (less than three versus three or more), 
less comorbidity has been associated with better disease 
outcomes (18-20). In NSCLC patients treated surgically, 
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by 15D (21). CCI has been associated with worse physical 
functioning and long-term global health outcomes in 
prostate cancer patients treated with RT as well as overall 
quality of life, general health, physical functioning, bodily 
pain, and vitality in breast cancer patients, the majority 
of whom received RT (22,23). In this study, patients with 
higher CCI had higher MDASI memory dysfunction scores 
at baseline. Patients with higher CCI were more likely 
to receive carboplatin-based chemotherapy, which was 
associated with worse pre-treatment MDASI dry mouth 
and post-treatment EQ-5D index value, MDASI distress, 
fatigue, memory, and overall severity scores. However, after 
adjustment for covariables including chemotherapy subtype, 
higher CCI remained significantly associated with worse 
HRQOL outcomes.

Prior analyses have demonstrated significant changes in 
HRQOL over time which were not observed in the present 
study. In a pooled analysis of the RAKET and Satellite 
trials, Hallqvist et al. found significant decreases in physical, 
role, emotional, cognitive, social functions and global 
QOL 4–6 weeks and 3 months after chemoradiotherapy 
as compared to baseline (5). Symptoms including fatigue, 
nausea, appetite loss, constipation, diarrhea, dyspnea, 
dysphagia, and cough were also significantly worse at  
4–6 weeks and 3 months post-CRT as compared to baseline. 
Patients in both the RAKET and Satellite trials received 
induction chemotherapy prior to definitive CRT, which may 
have contributed to increased treatment-related toxicity 
and greater declines in HRQOL over time as compared to 
patients in the current study.

Analyses of randomized studies of patients treated with 
definitive CRT have demonstrated significant associations of 
baseline HRQOL measures and OS. In an analysis of RTOG 
9801, Movsas et al. found that patients with a global QOL 
score less than 66.7 had an approximately 70% higher risk 
of death than patients with scores ≥66.7 (24). Authors found 
that lower baseline physical functioning score and dyspnea 
scores increased the risk of death. In the combined RAKET 
and Satellite analysis, patient-reported baseline physical 
function was significantly associated with OS (5). In addition, 
on RTOG 0617 each 10 point increase in FACT-TOI at 
baseline corresponded to a 10% decreased risk of death (6).

Limitations of this study include a small patient sample 
size and highly selected patient population. There are 
confounding factors that we may not have adjusted for in 
this analysis including education level, income, and physical 
activity. This study may also be limited by inflation of 
Type I error due to multiple testing and some significant 

associations may be due to chance from multiple testing. 
While findings from this study are promising, further 
investigation is needed to validate any single association.

Conclusions

In this exploratory analysis, we demonstrate that CCI is 
associated with multiple HRQOL outcomes in patients 
with LA-NSCLC treated with definitive CRT. We 
also demonstrate associations of HRQOL with gender, 
baseline hemoglobin, race, chemotherapy subtype, and 
patient age. These metrics may be used to predict post-
treatment quality of life and select patients who may require 
additional supportive care during or after treatment, closer 
follow up after treatment or treatment de-intensification. 
Future studies evaluating associations between radiotherapy 
dosimetric parameters and patient reported outcomes may 
allow therapy and follow-up to be tailored on an individual 
patient basis. In addition to further study in this patient 
population, validation of these findings in patients treated 
with surgery followed by CRT is warranted.
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