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Editorial on the Research Topic

Quality of Life and Side Effects Management in Lung Cancer Treatment

Despite significant advances in the treatment of lung cancer, particularly with the evolution of
immunotherapies and targeted therapies, the symptom burden is still significant and impact on
quality of life for these patients. One-third of lung cancer patients experienced moderate-to-
severe symptoms in one study before initial treatment (1), with significantly higher incidence
after treatment and as disease progresses (2). The symptom burden in lung cancer patients is,
for many symptoms, higher than in other cancer diagnostic groups, as shown in an observational
study of more than 120,000 cancer patients (2). Most frequent symptoms include fatigue, pain,
psychological distress, breathlessness and cough, while histology and cancer stage differentially
affect those symptoms, further affecting multiple domains of quality of life (1, 2). In advanced-stage
lung cancer patients, high symptom burden has been significantly associated with overall survival,
progression free survival, and objective response rate (3).

It is clear that managing symptoms related to lung cancer and its treatments can positively
impact on both quality and quantity of life. Hence, in this Research Topic, we have put together
six articles that deal with supportive care topics in the lung cancer population. Half of them focus
on breathlessness. Sardaro et al. assessed 80 patients in a prospective study after radiation therapy
over a period of 6 months. Their focus was on radiation-induced lung injury (an under-researched
topic) and used dyspnea as symptomatic endpoint for lung injury. Parameters of lung volume-dose
were strongly correlated with dyspnea, with an increase of 10%. The authors recommended regular
assessment of dyspnea to identify early radiation-induced toxicity in the lungs.

The other two studies on breathlessness were randomized trials of non-pharmacological
interventions. In a multicenter trial of 144 patients, Yates et al. showed that breathing exercises
alongside psychosocial support over 8 weeks was significantly improved in the intervention group
in relation to average breathlessness, control over breathlessness and anxiety scores. All these
outcomes, however, were secondary outcomes. The primary outcome of “worst” dyspnea, and
secondary outcomes for distress from breathlessness, functional status, and depression, did not
show an improvement in the intervention group over the control group. This study adds to the
limited pool of effective interventions we have to manage breathlessness, and to the consistent
literature that breathing retraining and exercises with or without other intervention components
can improve this symptom experience. The second trial by Choratas et al. was a small-size feasibility
trial of 24 lung cancer patients and 24 of their informal caregivers. The intervention was educational
in nature, focusing on teaching patients on aspects of breathlessness and introducing through video
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clips three interventions, including diaphragmatic breathing,
inspiratory muscle training, and the use of a handheld fan. The
trial showed that the design of this educational intervention
is feasible and suggested improvements in both breathlessness
levels and anxiety. However, despite showing some potential
effects, a large-scale fully-powered trial is necessary to clarify the
effectiveness of this intervention.

The study by Li et al. investigated the experience of symptoms
in lung cancer patients receiving chemotherapy in a longitudinal
design from before treatment to cycle one to cycle three and
above, using latent profile analysis. Two symptom profiles were
identified, including those patients with a “Mild” symptom
profile and those with “Moderate-severe” one. During the time of
assessment, about 41% of those in the mild group moved to have
moderate-severe symptoms, whereas only 2% of the latter group
moved to the mild symptom group. Eight symptom transition
patterns were observed. This study highlights the changing
nature of the symptom experience in this group of patients that
needs to be considered in the development of interventions to
manage the symptom experience.

Another study by Zhang et al. used data from 545 patients to
develop a survival prognostic model. The best fit for the model
(area under the curve = 0.73) included the following variables:
age >/=65, TNM stage, lung lobectomy, chemotherapy type and
pretreatment hemoglobin levels. The lack of a validation cohort
in this study and its retrospective nature are major limitations
but if this model is confirmed in future studies it can provide
an easily-calculated prediction of survival in non-small cell lung
cancer patients.

Some of our observations during the time we edited
this Research Topic were about the poor quality of the
submitted studies, limited interest in the topic and the narrow
focus of studies. The final article of the Research Topic by
Molassiotis et al. highlights research priorities in the field
from the perspective of nurses and allied health professionals
through an international online survey. The development
of interventions, particularly around symptom management,
were among the most frequently reported priorities, alongside
interventions to improve quality of life and healthcare system
issues (such as continuity of care or access to care). The
list of priorities may be used by funders to stimulate
specific research were there are gaps in the evidence and
allow for urgently-needed evidence to be developed and
subsequently used to improve the care of patients with
lung cancer.

There is a need for more and better quality studies in the field
of quality of life and symptommanagement in lung cancer.While
lung cancer patients will live longer with the recent advances in
treatments, the majority will still die from the disease, making
quality of life, palliative care and end of life care significant
priorities, requiring proactive assessment and management of
symptoms, and a multidisciplinary care approach.
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1Department of Oncology, The First Affiliated Hospital of Henan University, Kaifeng, China, 2Department of Oncology, Huaihe
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Lung cancer is a leading cause of cancer-related death, and >80% of lung cancer

diagnoses are non-small-cell lung cancer (NSCLC). However, when using current staging

and prognostic indices, the prognosis can vary significantly. In the present study, we

calculated a prognostic index for predicting overall survival (OS) in NSCLC patients. The

data of 545 NSCLC patients were retrospectively reviewed. Univariate and multivariate

Cox proportional hazards regression analyses were performed to evaluate the prognostic

value of clinicopathological factors. Age (hazard ratio [HR] = 1.25, 95% confidence

interval [CI] = 1.02–1.54), TNM stage (III, HR = 1.64, 95% CI = 1.08–2.48; IV, HR

= 2.33, 95% CI = 1.48–3.69), lung lobectomy (HR = 1.96, 95% CI = 1.45–2.66),

chemotherapy (HR = 1.42, 95% CI = 1.15–1.74), and pretreatment hemoglobin level

(HR = 1.61, 95% CI = 1.28–2.02) were independent prognosticators. A prognostic

index for NSCLC (PInscl, 0–6 points) was calculated based on age (≥65 years, 1

point), tumor-node-metastasis (TNM) stage (III, 1 point; IV, 2 points), lung lobectomy

(no, 1 point), chemotherapy (no, 1 point), and pretreatment hemoglobin level (low, 1

point). In comparison with the “PInscl = 0” subgroup (survival time = 2.71 ± 1.86

years), the “PInscl = 2” subgroup (survival time = 1.86 ± 1.24 years), “PInscl = 3”

subgroup (survival time = 1.45 ± 1.07 years), “PInscl = 4” subgroup (survival time =

1.17 ± 1.06 years), “PInscl = 5” subgroup (survival time = 0.81 ± 0.78 years), and

“PInscl = 6” subgroup (survival time = 0.65 ± 0.56 years) exhibited significantly shorter

survival times. Kaplan-Meier survival analysis showed that patients with higher PInscl

scores had poorer OS than those with lower scores (log-rank test: χ
2 = 155.82, P <

0.0001). The area under the curve of PInscl for predicting the 1-year OS was 0.73 (95 %

CI = 0.69–0.77, P< 0.001), and the PInscl had a better diagnostic performance than the

Karnofsky performance status or TNM stage (P < 0.01). In conclusion, the PInscl, which

is calculated from age, TNM stage, lung lobectomy, chemotherapy, and pretreatment

hemoglobin level, significantly predicted OS in NSCLC patients.

Keywords: prognostic model, non-small cell lung cancer, overall survival, hemoglobin, TNM
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INTRODUCTION

Lung cancer is a leading cause of cancer-related death in both
men and women (1), and >80% of lung cancer diagnoses are
non-small cell lung cancer (NSCLC) (2). To date, the prognosis
of NSCLC is mainly based on the tumor-node-metastasis (TNM)
staging system (2), histology (2), and predictive biomarker
analyses, such as epidermal growth factor (EGFR) mutation
(3), anaplastic lymphoma kinase (ALK) translocations (4), c-ros
oncogene 1 (ROS1) rearrangement (5), and v-raf murine sarcoma
viral oncogene homolog B1 (BRAF) mutation (6). However,
the prognosis varies significantly even among patients with
the same TNM stage, histomorphological characteristics, and
mutation status.

A systematic review (7) of 887 articles and our previous
study (8) revealed that there are 169 different clinical and
laboratory parameters (including pretreatment hemoglobin and

Abbreviations: NSCLC, non-small cell lung cancer; TNM, tumor-node-

metastasis; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma

kinase; ROS1, c-ros oncogene 1; BRAF, v-raf murine sarcoma viral oncogene

homolog B1; OS, overall survival; GPS, Glasgow prognostic score; ROC,

receiver operative characteristic; KPS, Karnofsky performance status; LPHb, low

pretreatment hemoglobin; NPHb, high pretreatment hemoglobin; HR, hazard

ratio; CI, confidence interval; AUC, area under the curve; NPV, negative predictive

value; PPV, positive predictive value; IASLC, International Association for the

Study of Lung Cancer.

FIGURE 1 | Schematic diagram of participant enrollment in the present study.

carcinoembryonic antigen levels, performance status, sex, weight,
metastases, etc.) and molecular prognostic factors that affect
survival in NSCLC patients. However, these clinical and
laboratory parameters are inconsistent and not commonly
used in clinical practice or trial design. Further, assessing
molecular prognostic factors such as EGFR, ALK, ROS1,
BRAF, and p53 mutation are not only time-consuming but
also expensive. Therefore, a practical prognostic model for
predicting overall survival (OS) in NSCLC patients is needed.
Many prognostic models incorporating various parameters have
been reported. These models include the Glasgow prognostic
score (GPS) (9), modified GPS (9), laboratory prognostic
index (10), and advanced lung cancer inflammation index
(11), all of which use serum parameters assessed in routine
laboratory tests, but not clinical parameters. Further, Blanchon
et al. assessed the prognostic ability of multiple variables,
including age, sex, performance status, histological type, and
TNM stage, and developed a validated prognostic index
(12) in which performance status and TNM stage played
major roles.

In the present study, we retrospectively reviewed data from
545 NSCLC patients and calculated a prognostic index (PInscl)
for predicting OS in NSCLC patients based on age, TNM stage,
lung lobectomy, chemotherapy, and pretreatment hemoglobin
levels. The prognostic value of the PInscl was evaluated with
receiver operating characteristic (ROC) curve analysis and

Frontiers in Oncology | www.frontiersin.org 2 March 2020 | Volume 10 | Article 3627

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. A Prognostic Model for NSCLC

compared with those of the Karnofsky performance status (KPS)
and TNM stage.

MATERIALS AND METHODS

Patients
All case records of patients with lung cancer admitted to the
Huaihe Hospital of Henan University (Henan, China) from
May 1, 2010 to June 30, 2017 were analyzed. The inclusion
criteria were: (1) NSCLC newly diagnosed at the Huaihe
Hospital; (2) histologically or cytologically confirmed NSCLC;
and (3) staged according to the TNM staging system (13).
Exclusion criteria were: (1) small cell lung cancer; (2) insufficient
clinical data; (3) insufficient laboratory data; (4) clinical
evidence of active infection or inflammation; (5) hematological
disease; (6) pulmonary embolism, acute myocardial infarction,
or cerebrovascular accident within 1 month diagnosis. After
excluding 191 ineligible patients, 545 patients with NSCLC were
selected for the present study (Figure 1). This study was carried
out in accordance with the recommendations of the Medical
Ethics Committee of Huaihe Hospital, Henan University. The
protocol was approved by the Medical Ethics Committee of
Huaihe Hospital. All subjects gave written informed consent in
accordance with the Declaration of Helsinki.

Data were retrospectively collected from the patients’ case
records, including demographic information (age, sex, cigarette
smoking, alcohol consumption, and family history of cancer),
date of diagnosis and death (obtained from the patients’ medical
records, local death registration departments, and telephone
follow-ups), cancer stage at the time of diagnosis (according to
the 8th Edition of the TNM Classification for Lung Cancer) (13),
KPS score (≥80 indicated that the patient was able to live and
work with mild symptoms or signs and <80 indicated that the
patient was unable to live and work normally) (14), therapeutic
method (obtained from the patients’ medical records), and
pretreatment hemoglobin levels [<120 g/L was defined as low
pretreatment hemoglobin (LPHb) in men and <110 g/L was
defined as LPHb in women according to the normal reference
range of hemoglobin in the Chinese population].

Follow-Up
Patients with NSCLC were followed from the date of diagnosis
to the date of death or June 25, 2017, whichever came first. OS
for each patient was defined as the number of days from the
date of diagnosis to the date of death or final follow-up. Person-
years were calculated for each subject. Treatments were initiated
upon diagnosis and the treatment methods were not exclusive;
a patient may have undergone lobectomy, chemotherapy, and
radiation simultaneously.

Statistical Analysis
For univariate and multivariate Cox proportional hazards
regression analysis, age (<65 vs. ≥65), sex, TNM stage (I-
II vs. III-IV), KPS score (≥80 vs. <80), lung lobectomy
status, chemotherapy, radiotherapy, smoking status, alcohol
consumption, family history of cancer, and pretreatment
hemoglobin levels (normal pretreatment hemoglobin (NPHb) vs.

LPHbwere categorized into the reference group and the observed
group, with hazard ratios (HR) and 95% confidence intervals (CI)
being calculated to estimate associations between the observed
factors and OS in patients with NSCLC. After discarding the
insignificant factors in the multivariate analysis, the final Cox
model included age, TNM stage, lung lobectomy, chemotherapy,
and pretreatment hemoglobin. Between two prognostic factors,
an interaction effect was tested using multivariate analysis. For

TABLE 1 | Clinicopathological and lifestyle factors for patients with non-small cell

lung cancer.

No. of subjects (%)

Overall survival

<1 year

Overall survival

≥ 1 year

P-valuea

Age (years),

median ± SD

63.9 ± 10.7 62.0 ± 9.3 0.036

<65 113 (48.5) 177 (56.7) 0.057

≥65 120 (51.5) 135 (43.3)

Sex

Male 160 (68.7) 209 (67.0) 0.678

Female 73 (31.3) 103 (33.0)

TNM stage

I-II 11 (4.7) 65 (20.8) < 0.001

III 84 (36.1) 143 (45.8)

IV 138 (59.2) 104 (33.3)

KPS score

≥80 112 (48.1) 212 (68.0) < 0.001

<80 121 (51.9) 100 (32.1)

Lung lobectomy

Yes 29 (12.5) 135 (43.3) < 0.001

No 204 (87.6) 177 (56.7)

Chemotherapy

Yes 94 (40.3) 188 (60.3) < 0.001

No 139 (59.7) 124 (39.7)

Radiotherapy

Yes 29 (12.5) 61 (19.6) 0.027

No 204 (87.6) 251 (80.5)

Cigarette smoking

No 102 (43.8) 136 (43.6) 0.965

Yes 131 (56.2) 176 (56.4)

Alcohol consumption

No 186 (79.8) 253 (81.1) 0.713

Yes 47 (20.2) 59 (18.9)

Family history

No 217 (93.1) 291 (93.3) 0.950

Yes 16 (6.9) 21 (6.7)

Hemoglobin, g/L,

median ± SD

122.9 ± 20.3 130.3 ± 14.4 < 0.001

NPHb 158 (67.8) 265 (84.9) < 0.001

LPHb 75 (32.2) 47 (15.1)

Data are presented as n (%) unless otherwise noted.
aChi square test. SD, standard deviation; TNM, tumor-node-metastasis; KPS, Karnofsky

performance status; NPHb, normal pretreatment hemoglobin (men, 120–160 g/L;

women, 110–150 g/L); LPHb, low pretreatment hemoglobin (men, <120 g/L; women,

≤110 g/L).
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TABLE 2 | Univariate and multivariate analysis of prognostic factors for patients with non-small cell lung cancer.

Prognostic factor No. of subjects Univariatea Multivariateb

HR 95% CI P-value HR 95% CI P-value

Total

Age <65 290 1.00 1.00

≥65 255 1.42 1.18–1.73 <0.001 1.23 1.00–1.52 0.052

Sex Male 369 1.00 1.00

Female 176 1.00 0.82–1.23 0.972 1.09 0.79–1.50 0.608

TNM Stage I-II 76 1.00 1.00

III 227 2.62 1.81–3.79 1.62 1.06–2.45 0.024

IV 242 4.39 3.04–6.33 <0.001 2.31 1.45–3.68 <0.001

KPS score ≥80 324 1.00 1.00

<80 221 1.85 1.52–2.25 <0.001 1.14 0.92–1.40 0.239

Lung lobectomy Yes 164 1.00 1.00

No 381 3.10 2.44–3.94 < 0.001 1.93 1.42–2.63 <0.001

Chemotherapy Yes 282 1.00 1.00

No 263 1.63 1.34–1.98 <0.001 1.41 1.13–1.76 0.002

Radiotherapy Yes 90 1.00 1.00

No 455 1.31 1.01–1.70 0.044 1.04 0.78–1.38 0.811

Smoking No 238 1.00 1.00

Yes 307 0.98 0.81–1.20 0.870 1.20 0.88–1.63 0.239

Alcohol consumption No 439 1.00 1.00

Yes 106 1.04 0.82–1.32 0.757 1.07 0.82–1.38 0.622

Family history No 508 1.00 1.00

Yes 37 0.91 0.61–1.36 0.638 0.90 0.60–1.36 0.630

Hemoglobin NPHb 432 1.00 1.00

LPHb 122 1.82 1.45–2.27 <0.001 1.54 1.22–1.94 <0.001

aFor univariate analysis, Cox proportional-hazards model included survival time (<1 or ≥1 year) and one of the following factors: Age, sex, TNM stage, KPS score, lung lobectomy,

chemotherapy, radiotherapy, smoking, alcohol consumption, family history or hemoglobin. bFor multivariate analysis, Cox proportional-hazards model included survival time (<1 or ≥1

year), age, sex, TNM stage, KPS score, lung lobectomy, chemotherapy, radiotherapy, smoking, alcohol consumption, family history, and hemoglobin. HR, hazard ratio; CI, confidence

interval; TNM, tumor-node-metastasis; KPS, Karnofsky performance status; NPHb, normal pretreatment hemoglobin (men, 120–160 g/L; women 110–150 g/L); LPHb, low pretreatment

hemoglobin (men, <120 g/L; women, ≤110 g/L).

each enrolled item, proportionality was estimated using the
Schoenfeld and scaled Schoenfeld residuals.

We developed a PInscl that included age, TNM stage, lung
lobectomy, chemotherapy, and pretreatment hemoglobin based
on the results of the final Cox model. Age≥ 65 years, TNM stage
III, not undergoing lung lobectomy, not receiving chemotherapy,
and having LPHb were given 1 point; TNM stage IV was given
2 points. The minimum PInscl score was 0 and the maximum
PInscl score was 6 (Supplementary Table 1). The OS, HR, and
95% CI were calculated for each PInscl score. Associations
between PInscl score and OS were evaluated using the Peto-
Peto-Prentice test. Survival curves were generated using the
Kaplan-Meier method, and the log-rank test was used to examine
differences in OS between patients with different PInscl scores.

The discriminatory ability of the PInscl score was tested by
assessing the area under the ROC curve (AUC). Further, the
AUC of PInscl was compared with those of the KPS and TNM
staging using the DeLong test (15). In addition, we calculated
the sensitivity, specificity, negative predictive value (NPV), and
positive predictive value (PPV) of the prognostic score.

All statistical analyses were performed using Stata software
version 13 (Stata Corporation, College Station, TX, USA). P

< 0.05 was considered to indicate a statistically significant
difference for all analyses.

RESULTS

Patient Characteristics
Our study included a total of 545 NSCLC patients including 369
men and 176 women. Over half (53.2%) of the patients were <65
years, 59.4% had a KPS score ≥80, 41.7% had stage III disease,
and 44.4% had stage IV disease. Approximately a quarter (22.4%)
of the patients had LPHb. Treatment methods included lung
lobectomy (n= 164, 30.1%), chemotherapy (n= 282, 51.7%), and
radiotherapy (n= 90, 16.5%) (Table 1).

Univariate Analysis
On univariate Cox proportional hazards regression analysis, a
significantly longer survival was observed in patients aged <65
years at diagnosis (HR = 1.42, 95% CI = 1.18–1.73) and who
had stage I-II disease (compared to patients with stage III disease,
HR = 2.62, 95% CI = 1.81–3.79 or stage IV disease, HR = 4.39,
95% CI = 3.04–6.33). Further, a KPS score ≥80 (HR = 1.85,
95% CI = 1.52–2.25), lung lobectomy (HR = 3.10, 95% CI =
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2.44–3.94), chemotherapy (HR = 1.63, 95% CI = 1.34–1.98),
radiotherapy (HR = 1.31, 95% CI=1.01–1.70), and NPHb (HR
= 1.82, 95% CI = 1.45–2.27) significantly improved prognosis.
However, there was no significant association betweenOS and sex
(HR= 1.00, 95% CI= 0.82–1.23), cigarette smoking (HR= 0.98,
95% CI = 0.81–1.20), alcohol consumption (HR = 1.04, 95% CI
= 0.82–1.32), or a family history of cancer (HR= 0.91, 95% CI=
0.61–1.36) (Table 2).

Multivariate Analysis
Multivariate Cox proportional hazards regression analysis

showed that age ≥65 (HR = 1.23, 95% CI = 1.00–1.52), TNM

stage (III, HR= 1.62, 95% CI= 1.06–2.45; IV, HR= 2.31, 95% CI
= 1.45–3.68), lung lobectomy (HR = 1.93, 95% CI = 1.42–2.63),
chemotherapy (HR= 1.41, 95% CI= 1.13–1.76), and LPHb (HR

TABLE 3 | Prognostic factors included in the final Cox proportional hazard model

for prediction of 1-year survival of 545 patients with non-small cell lung cancer.

Prognostic factor No. of subjects HR 95% CI P-value

Age <65 290 1.00

≥65 255 1.25 1.02–1.54 0.030

TNM Stage I–II 76 1.00

III 227 1.64 1.08–2.48 0.020

IV 242 2.33 1.48–3.69 <0.001

Lung lobectomy Yes 164 1.00

No 381 1.96 1.45–2.66 <0.001

Chemotherapy Yes 282 1.00

No 263 1.42 1.15–1.74 0.001

Hemoglobin NPHb 423 1.00

LPHb 122 1.61 1.28–2.02 <0.001

HR, hazard ratio by multivariate Cox proportional hazards regression; CI, confidence

interval; TNM, tumor-node-metastasis; NPHb, normal pretreatment hemoglobin (men,

120–160 g/L; women, 110–150 g/L); LPHb, low pretreatment hemoglobin (men, <120

g/L; women, ≤110 g/L).

= 1.54, 95% CI = 1.22–1.94) were independently significantly
associated with decreased OS (Table 2).

The final Cox model indicated that age ≥65 (HR = 1.25, 95%
CI = 1.02–1.54), TNM stage (III, HR = 1.64, 95% CI = 1.08–
2.48; IV, HR = 2.33, 95% CI = 1.48–3.69), lung lobectomy (HR
= 1.96, 95% CI = 1.45–2.66), chemotherapy (HR = 1.42, 95%
CI = 1.15–1.74), and LPHb (HR = 1.61, 95% CI = 1.28–2.02)
were significantly independent unfavorable prognostic factors of
1-year survival in patients with NSCLC (Table 3).

Prognostic Index for Non-small Cell Lung
Cancer (PInscl)
In comparison with the “PInscl = 0” subgroup (survival time
= 2.71 ± 1.86 years), the “PInscl = 2” subgroup (survival time
= 1.86 ± 1.24 years; HR = 2.36, 95% CI = 1.21–4.59), “PInscl

TABLE 4 | Combined prognostic effects of age, TNM stage, lung lobectomy,

chemotherapy, and pretreatment hemoglobin levels for 545 patients with

non-small cell lung cancer.

PInscla No. of subjects Survival time, years

(Mean ± SD)

HR 95% CI P-value

Total 545 1.47 ± 1.27

0 26 2.71 ± 1.86 1.00

1 59 2.43 ± 1.53 1.48 0.75–2.95 0.261

2 73 1.86 ± 1.24 2.36 1.21–4.59 0.012

3 151 1.45 ± 1.07 4.18 2.23–7.82 <0.001

4 131 1.17 ± 1.06 5.69 3.03–10.66 <0.001

5 80 0.81 ± 0.78 8.75 4.57–16.76 <0.001

6 25 0.65 ± 0.56 13.13 6.32–27.28 <0.001

aPInscl, prognostic index for non-small cell lung cancer (ref. Supplementary Table 1),

P-value for trend, <0.0001 (Peto-Peto-Prentice test). SD, standard deviation; HR, hazard

ratio by multivariate Cox proportional hazards regression; CI, confidence interval; NPHb,

normal pretreatment hemoglobin (men, 120–160 g/L; women, 110–150 g/L); LPHb, low

pretreatment hemoglobin (men, <120 g/L; women, ≤110 g/L).

FIGURE 2 | Cumulative survival of patients with non-small cell lung cancer according to the PInscl. Patients with higher PInscl scores (refer to Supplementary Table)

exhibited a poorer overall survival than those with lower PInscl scores (log-rank test, χ
2 = 155.82; P < 0.0001).
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= 3” subgroup (survival time = 1.45 ± 1.07 years; HR = 4.18,
95% CI = 2.23–7.82), “PInscl = 4” subgroup (survival time =

1.17 ± 1.06 years; HR = 5.69, 95% CI = 3.03–10.66), “PInscl
= 5” subgroup (survival time = 0.81 ± 0.78 years; HR = 8.75,
95% CI = 4.57–16.76), and “PInscl = 6” subgroup (survival
time = 0.65 ± 0.56 years; HR = 13.13, 95% CI = 6.32–27.27)
had a significantly shorter survival time (Table 4). Kaplan-Meier
survival curve analysis showed that patients with higher PInscl
scores had a poorer OS than those with lower scores (log-rank
test, χ2 = 155.82; P < 0.0001) (Figure 2).

The AUC for the PInscl for predicting 1-year OS was 0.73
(95% CI= 0.69–0.77, P < 0.001) (Figure 3). Comparisons of the
AUCs between the PInscl and the KPS or the TNM stage showed
that the PInscl had a better diagnostic performance than either
the KPS or the TNM stage (Table 5). The sensitivity, specificity,
NPV, and PPV for the PInscl index were 71.2, 62.7, 71.8, and
61.9%, respectively.

DISCUSSION

The results of the present study highlighted the importance of
prognostic models in estimating prognosis in NSCLC patients.
Our prognostic model, the PInscl, was based on age, TNM stage,

FIGURE 3 | Discriminatory power for PInscl predicting 1-year overall survival

(OS). The area under the curve (AUC) was 0.73 (95 % confidence interval =

0.69–0.77, P < 0.0001).

lung lobectomy, chemotherapy, and pretreatment hemoglobin
level. The PInscl had a statistically significant discriminative
ability to predict OS. Further, the PInscl had a statistically
better diagnostic performance than the KPS score or the TNM
stage for 1–5 year OS (Table 5). This might be because the
PInscl included other factors, making it more comprehensive
and sensitive.

In previous studies, age has been recognized as a prognostic
factor for NSCLC using cut-off values of 80, 75, 70, and even 50
years (16–19). In the present study, age <65 years was associated
with a longer survival time in both univariate (HR = 1.42, 95%
CI = 1.18–1.73) and multivariate (HR = 1.23, 95% CI = 1.00–
1.52) analyses. We also analyzed age as a continuous variable, but
it was not significantly correlated with OS.

The TNM staging system, which classifies cancer according
to the size and extension of the primary tumor, its lymphatic
involvement, and the presence of metastases, is frequently used in
clinical practice to predict prognosis (20). Its reliability has been
fully established through the IASLC (International Association
for the Study of Lung Cancer) study (21). In our present study,
stage III (HR = 1.64, 95% CI = 1.08–2.48) and stage IV (HR
= 2.33, 95% CI = 1.48–3.69) disease were indicative of a poorer
prognosis (Table 3). However, as the coefficient of the TNM stage
was notmore than two times those of other factors inmultivariate
analysis (data not shown), we did not emphasize it in our model,
as Blancoon et al. did (12).

Anemia is linked to prognosis, and hemoglobin has long been
recognized as a prognostic factor for NSCLC patients (22–25).
We found that hemoglobin <120 g/L in men and <110 g/L in
women was associated with a shorter OS (HR = 1.62, 95% CI
= 1.29–2.03).

In many cases, lung lobectomy is still the most effective
treatment method for NSCLC (26). The impact of minimally
invasive lobectomy and thoracotomy lobectomy on survival has
also been assessed (27). However, lobectomy will be applied
according to the clinical situation for NSCLC patients (28).
In the present study, surgical resection was not recommended
for stage IV patients. Therefore, although we found that lung
lobectomy was an independent prognostic factor for NSCLC
patients, we cannot say whether a physical condition suitable for
lobectomy, lobectomy itself, or both contributed favorably to OS.
Regardless, lung lobectomywas an independent prognostic factor
in the model.

Chemotherapy is another major treatment method for
NSCLC (29), and more chemotherapies have become

TABLE 5 | Discriminatory power of the PInscl, KPS, and TNM for overall survival of non-small cell lung cancer patients.

Area under the curve (AUC)

Overall survival 1-year 2-year 3-year 4-year 5-year

PInscl 0.73 ± 0.02 (0.69–0.77) 0.73 ± 0.02 (0.68–0.77) 0.77 ± 0.03 (0.71–0.83) 0.75 ± 0.04 (0.66–0.83) 0.83 ± 0.06 (0.72–0.94)

KPS 0.64 ± 0.02 (0.59–0.68)** 0.59 ± 0.03 (0.54–0.64)** 0.63 ± 0.03 (0.57–0.7)** 0.600± 0.05 (0.49–0.7)** 0.76 ± 0.06 (0.64–0.87)**

TNM 0.67 ± 0.02 (0.63–0.71)** 0.67 ± 0.03 (0.62–0.73)** 0.70 ± 0.03 (0.64–0.77)** 0.66 ± 0.05 (0.55–0.76)* 0.69 ± 0.08 (0.54–0.85)**

PInscl, prognostic index for non-small cell lung cancer; KPS, Karnofsky performance status; TNM, tumor-node-metastasis stage. *p<0.05, **p<0.01.
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clinically available (30). We found that chemotherapy was
an independent prognostic factor in both univariate and
multivariate analysis. This result was in line with those of
previous studies (8, 31) However, patients received both
cisplatin- and paclitaxel-based chemotherapies, and we did not
divide the patients into subgroups, which may have affected the
results. Chemotherapy, particularly cisplatin-based adjuvant
chemotherapy, might also improve survival among patients
with completely resected NSCLC (32). Although we could
not exclude its potential long-term influence, we did not find a
significant synergistic effect of chemotherapy and lung lobectomy
(data not shown).

This study has several strengths. First, the PInscl can be simply
calculated and used in almost all NSCLC patients. Data on age,
TNM stage, lung lobectomy, chemotherapy, and pretreatment
hemoglobin are easy to obtain and do not require exhaustive
testing and complicated biological examination. Second, it is
practicable. We could predict OS simply by the PInscl score,
which is meaningful for patients, their families, and clinicians.
ROC curve analysis showed that the PInscl score was a fairly
predictable index and was more sensitive than the KPS and
TNM score. However, the study also has limitations. First,
selection bias may be a concern due to the monocentric
design of the study and the absence of random sampling,
even though exhaustive inclusion of consecutive cases over
5-years should alleviate the bias. Second, the discriminative
power of the PInscl was not assessed in a population with
features different from that in which it was derived. Third, the
model does not include mutational information (e.g., EGFR/ALK
mutations). Fourth, the lack of a validation cohort might
weaken the power of the present study. Therefore, whether it is
suitable to be expostulated to other NSCLC populations needs
further verification.

By developing this simple prognostic index, we suggest that
the PInscl, which is calculated from age, TNM stage, lung
lobectomy, chemotherapy, and pretreatment hemoglobin level,
might significantly predict OS in NSCLC patients.
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Introduction: Breathlessness is the most common and refractory symptom in lung

cancer patients. Even though various educational programmes have been developed,

only a few were intended for implementation in the home setting for its management.

Aim: Feasibility of a study for implementing a nurse-led educational programme for

breathlessness management of lung cancer patients at home.

Method: A randomized feasibility study was undertaken between February 2017 and

October 2018. Patients were recruited through referral from oncologists from two

oncology centers in Cyprus under certain inclusion and exclusion criteria. Patients

were randomized in the intervention or control group via a computer programme, and

their named family caregivers (f.c.) were allocated in the same group. Participants

were not blinded to group assignment. The intervention consisted of a PowerPoint

presentation and implementation of three non-pharmacological interventions. The control

group received usual care. Patients were assessed for breathlessness, anxiety, and

depression levels, whereas f.c. were assessed for anxiety, depression, and burden levels.

F.c. also assessed patients’ dyspnea level. The duration of the study process for both

the intervention and control group was over a period of 4 weeks.

Results: Twenty-four patients and their f.c. (n = 24) were allocated equally in

the intervention and control group. Five patients withdrew, and the final sample

entered analysis was 19 patients and 19 family caregivers. In the intervention

group n = 11 + 11, and in the control group n = 8 + 8. In the intervention

group patients’ breathlessness and anxiety levels showed improvement and their

f.c.s in the anxiety and burden levels. Major consideration was the sample size

and the recruitment of the patients by the referring oncologists. Attrition was minor

during the study process. No harm was recorded by the participants of the study.
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Conclusions: The study provided evidence of the feasibility of the implementation of

the educational programme. For the future definitive study major consideration should

be patients’ recruitment method in order to achieve adequate sample size. Moreover,

qualitative data should be collected in relation to the intervention and the involvement

of f.c. The feasibility study was registered to the Cyprus Bioethics Committee with the

registration number 2016/16. There was no funding of the study.

Keywords: breathlessness, home care, educational programme, lung cancer, nurse

INTRODUCTION

Breathlessness is a common symptom in patients with cancer
(1, 2) and is the commonest amongst patients with lung cancer

(3) and among patients in need of palliative care or advanced
cancer (4). As classified by the American Thoracic Society in

1999 (5, p. 322), breathlessness is a subjective experience of

difficulty in breathing that consists of qualitative distinctive
sensations that differ in intensity. Breathlessness is caused by

multiple physiological, psychological, environmental, and social
factors, and simultaneously it can be exacerbated by such factors
(4–6). It is a symptom that possesses great challenges for health
care professionals when it comes to its effective management,
especially for patients with cancer in terminal stages. With
evidence showing that breathlessness increases significantly in
the last 6 months of life, its frequent assessment is crucial in
order for therapy to be accustomed (7). Furthermore, assessment
is important for the anxiety of both the patient and their family
to be identified and addressed (7).

At home, the family often undertakes the role of the caregiver
for the patient, helping monitor and manage symptoms and
becoming the contact person between the patient and the health
care professionals (8). Family caregivers can offer limited care
in relation to breathlessness management with related problems
evolving, in comparison to the care offered at the hospital (9).
This is mainly because family caregivers have no or limited
knowledge and experience in managing breathlessness but also
because of the high level of skills required to effectively manage
these (9, 10). Poor management at home creates complications
in patients’ care affecting their quality of life and increasing
admissions to the hospital.Moreover, it burdens family caregivers
mainly during the end of life period of the patient, when the
disease has progressed (11).

Despite the fact that the comprehensive and effective
management of breathlessness remains a challenge, various
strategies for managing breathlessness have been developed
including pharmacological and non-pharmacological methods.
For the pharmacological management of breathlessness due
to cancer and the accompanying problems (e.g., anxiety, air
hunger, and panic) the standard treatment is the administration
of opioids with other drugs being of controversial benefit like
benzodiazepines, phenothiazines, antidepressants, and steroids
(12–17). There is no evidence of the effectiveness of oxygen
therapy for cancer patients with dyspnea at home. Oxygen use is
encouraged when saturation drops below 90% (at rest), in order
to achieve improvement of functional capacity and quality of life

and reduce the effects of breathlessness and mortality. However,
there is the risk for patients to develop dependence (18–20).

The non-pharmacological methods include breathing
techniques which assist in improving the effectiveness of the
breathing cycle such as diaphragmatic breathing, inspiratory
and/or expiratory muscle training, pursed-lip breathing,
respiratory muscle stretching calisthenics, breathing exercises,
or exercise training (stretching, walking, stairs climbing,
upper, and lower aerobic) (21–25) psychoeducation, normal
activities achieving training, relaxation techniques training,
and psychological support (12, 15, 20, 26). The effectiveness of
resistance inspiratory muscle training (IMT) was demonstrated
in a two-arm, non-blinded, randomized controlled, proof-
of-principle study in Cyprus and the United Kingdom in
the home setting (27). The use of fans, preferably hand-
held fans, directed to the face was also found to be effective
(12, 15, 20, 28). Other methods include the use of mechanical
ventilation techniques, e.g., CPAP, BiPAP, neuroelectrical
stimulation, and chest vibration (14). Inspiratory muscle
training will be used in the present study because it has
already been tested for inpatient lung cancer patients in Cyprus
(27). Diaphragmatic breathing technique will also be used
as an already effective method (21–25) and the handheld
fan, apart from its efficacy as mentioned above, because
it is an economic and easy to use method for patients at
home (29).

There is limited research on the effectiveness of home-based
educational programmes for breathlessness and even less when
is related to cancer. Olivier et al. (25) state that such programs
are feasible and safe for cancer patients, so they should be
assessed in association with all health care offered to cancer
patients at home (if exists) in order to establish complete,
holistic, and personalized home care. This was based on their
study of lung or mesothelioma cancer patients undergoing
chemotherapy who were offered pulmonary rehabilitation (PR)
at home with exercise training, therapeutic education, and
psychosocial support. The existing limited research shows that
nurse-led educational programs have positive effect on patients
with breathlessness due to Chronic Obstructive Pulmonary
Disease (COPD), lung cancer, and heart failure (21–25, 30, 31). In
the above studies the educational programs consisted of different
methods of breathing retraining, pulmonary exercises, exercises
for strengthening physical strength, psychosocial therapy, daily
activities management training, and information in relation to
the patient’s disease and symptoms and their management either
general for all patients or patient tailored (21–25, 30, 31).
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The effectiveness of an educational intervention at home
was shown in the study by Eui-Geum (30), where both the
intervention and the control group received the educational
programme. The intervention group received a pulmonary
rehabilitation programme and the control group an educational
support, and both groups showed improvement in breathlessness
(30). Health related quality of life, functionality, or self-efficacy
were assessed in some studies and showed improvement among
the participants in the intervention group (21–23, 30, 31) except
from one study (24). In the study by Olivier et al. (25), no
significant improvement was shown in the breathlessness level
from the intervention but did not worsen. In the study by Hermiz
et al. (31) no differences among the intervention (patient tailored
verbal and written education and support) and control groups
(normal care) in presentation or admission to hospital or in
overall functional status were noted.

The results of the above studies showed significant benefits for
the intervention group in improving breathlessness not only in
relation to the baseline assessment but also compared to a control
group. Even though Pulmonary Function Test appeared to have
no change, arterial blood gases improved and consequently
breathlessness improved (23, 30). This improvement was due
to the desensitization of dyspnea, the increase in vital capacity
of the lungs and the decrease in the level of partial pressure
of arterial carbon dioxide (PaCo2) (23). According to Akinci
et al. (23) home-based educational programmes are preferable
where no pulmonary rehabilitation programs exist at hospital
level and because there is higher performance by patients as
they are at home. Moreover, as Eui-Geum (30) stated, as the
intensity of the program was controlled by patients, the sense
of self-efficacy might improve leading to better adherence to the
practical aspects of the programme. Symptom management was
also improved by increasingmotivation and self-care through the
implementation of a nurse-led programme (21). The educational
advice given on the effective breathing methods also might be the
reason for improvement in breathlessness levels (22, 30). Padula
et al. (30) reported that the inability to achieve secondary aims
might be due to the chosen assessment tools, whereas Olivier et al.
(25) stated that high attrition might have been the reason for not
achieving study goals.

For the use of pharmacological and non-pharmacological
methods in managing breathlessness and supporting patients
and their family caregivers, nurses have the most important
role either independently or as a member of a multidisciplinary
team (20). Continuous nursing support is vital in the successful
implementation of home care, offering the possibility to patients
and family caregivers to have all the support and information
when it is needed (32, 33).

In Cyprus the new cases of patients diagnosed with lung
cancer are increasing every year, n = 198 in 2008 and n = 321
in 2013 (34, 35). However, no research data exist for the
implementation of any programme for the management of
breathless patients (due to cancer or any other disease) within
or outside the hospital setting in the country.

Depending on the results of the present study, the intervention
can be considered for application in a future bigger study
to a broader health care area of breathless cancer patients

in the home setting, for possible implementation as the first
non-pharmacological intervention in the country (36). By the
implementation of the programme the role of nurses in home
care is expected to be enhanced and patients and family
caregivers are expected to be strengthened in self-managing
breathlessness at their own home setting.

The aim of the present feasibility study was the development
of a nurse-led home-based educational programme for the
management of breathlessness in lung cancer patients, the
implementation of the programme, and the evaluation of its
effectiveness to patients and their family care.

MATERIALS AND METHODS

This was a feasibility randomized control trial that took place
between February 2017 and October 2018, with an intervention
group receiving the educational programme and the usual care
and a control group receiving during the period of assessment
only the usual care. Usual care consisted of the pharmacological
management by oncologists which was prescribed to patients
experiencing breathlessness, including oxygen therapy. The
intervention group had a baseline assessment followed by the
implementation of the educational programme. Within 2 weeks
there was a reassessment and repetition of the programme, and
on the 4th week the final assessment was carried out. The control
group had the same assessments over the same period of time.
Based on the principle of fairness, the intervention was offered
to the patients that were randomized to control group following
the completion of the study without any measurements recorded.
Family caregivers, as named by their participating patients, were
also included in the study. Together with their patients they
either received the intervention or were part of the control group.
Family caregivers completed their own assessment tools at the
same period of time as the patients (Figure 1).

Sample
Lung cancer patients with medium to severe breathlessness
(rating 3–6 on the mBorg scale), according to an assessment from
their oncologist from the two largest oncology centers in Cyprus,
were eligible to participate in the study and were referred to the
researcher. Other criteria for patients to be eligible for referral
and inclusion in the study were (a) not to be receiving during the
study period active treatment for their cancer, (b) not to be at the
end of life stage in order to be able to complete the study within
the 4 weeks of the study as judged by the referring oncologist,
and (c) to be able to speak and understand Greek language in
order to be able to understand the intervention. The last criterion
was that the patient had to have a family caregiver they could
name, in order to participate. Previous research studies and the
number of lung cancer patients within the country were used for
power analysis and calculation of the desired sample size (n =

45). After commencing the study doctors were unable to identify
enough eligible patients to participate. Thus, the criterion for not
receiving active treatment for cancer was dismissed, and patients
under active chemotherapy became eligible for inclusion in the
study. Moreover, it was decided to complete the study by October
2018 as a priori and regardless of the sample size.
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FIGURE 1 | Study delivery strategy.

Patients, after being informed by their oncologist about
the study, if interested had to call the researcher in order to
receive information about the study and give oral consent and
their contact information. Participating patients had to name
their family caregivers who would join them and participate
in the study giving also consent, but also needed to be
able to comprehend the educational material. No geographical
restrictions were set. Randomization was performed allocating
participants alternatively in the control or the intervention group
through a computerized method by a research associate. He
then contacted a specially trained research fellow, who is an
experienced nurse working with patients with breathlessness,
who was carrying out the assessments at patients’ home setting.
Participants in the study were not blinded to group assignment
due to the nature of the intervention of the study. The
researcher was involved in the process only for applying the
intervention after being informed by the research associate
carrying out measurements.

INTERVENTION

The intervention was designed through extensive literature
review, discussions with clinical experts and the research group,
and was based on the Prepared Family Caregiver model (COPE)
developed by Houts et al. (37). COPE is a prescriptive problem
solvingmodel directed toward the care, information, and training
family caregivers should receive in order to provide the best care

at home, empowering both the patient and family caregivers (37).
The educational programme included a PowerPoint presentation
incorporating two video recordings and a practical exercise.
The PowerPoint presentation consisted of information about
the definition, causes, and clinical picture of breathlessness
and its effects on patients and family caregivers. The two
videos showed the effect of breathlessness on patients and
the proper use of a handheld fan. The videos were used
in Breathlessness Intervention Service in a hospital in UK
together with an informational booklet, and their effectiveness
was shown in various studies conducted for this purpose (38–
40). The practical part consisted of three non-pharmacological
methods for managing breathlessness and explanation of their
effectiveness. Those were diaphragmatic breathing, inspirational
muscle training (IMT), and use of a handheld fan. The choice
for using the PowerPoint presentation was to offer complete one
time information and explanation with a way that was visually
interesting to the patient and which was of short duration.
At the end the trainer/researcher answered questions from
the participants. The educational programme lasted about 30–
50min according to patient’s and family caregiver’s needs. The
implementation of the educational activity was undertaken by
the researcher, an oncology nurse having extensive knowledge
and experience in teaching patients and nurses for more than
25 years.

The educational programme was applied twice to the
intervention group after the 1st and 2nd assessment and once
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to the control group after completing the final assessment
(Figure 1).

Data Collection
For assessing the effect of the intervention on breathlessness,
data for patients were collected using the Modified Borg Scale
(mBorg scale) and the Visual Analog Scale (VAS)-Breathlessness.
Lung Function (FCV, FEV1) was assessed using spirometry and
Hospital Anxiety and Depression Scale (HADS) was used for
assessing the effect of breathlessness on patients. Data were
collected for the intervention group before the intervention
(baseline assessment), in 2 weeks’ time and in 4 weeks’ time. At all
times all assessments were performed assessing the breathlessness
levels, the lung function, and anxiety and depression. The same
assessment tools were used to collect data from the control
group at the same time intervals, in 4 weeks’ time, and then
the intervention was implemented to the patients in this group.
Family caregivers gave data on the level they assessed their
own patient’s breathlessness using the mBorg scale. Also on the
effect of the educational programme on them, at the same time
interval as their patients, using the HADS scale for anxiety and
depression and the Zarit Burden Interview (ZBI) scale for the
burden they experienced. The data were collected by a specially
trained research fellow.

The mBorg scale is a categorical scale which is considered the
most frequently used instrument for measuring breathlessness
(dyspnea) (41, 42). It requires the identification of the
experienced breathlessness on a 12 point scale from 0 (no
breathlessness) to 10 (very, very severe). The VAS-Breathlessness
scale assesses the experienced Breathlessness at Worst and at
Best and the Distress caused by the symptom. All 3 subscales
rate Breathlessness or its burden from 0 (no Breathlessness) to
10 (extreme Breathlessness) over the last 24 h (43). According
to Gerlach et al. (42) the VAS scales and the mBorg scale are
preferred for assessing the intensity of the symptom, the quality
of the sensation of breathlessness, and the related to breathing
dysfunction. They support this as the scales showed concurrent
validity and test/retest reliability, Cronbach’s a. 0.54 (VAS) and
0.45 (mBorg) and correlations >0.8 (for both) compared to
other tools (42). The choice of the above scales has taken in
consideration the criteria on the choice of the appropriate tools
for measuring cancer related breathlessness by Dorman et al.
(44) which included among others relevance and feasibility to
participants and sensitivity to changes of the symptom.

The Hospital Anxiety and Depression Scale (HADS) consists
of 14 multiple choice questions assessing anxiety and depression.
The questionnaire was translated into the Greek language (45)
and shows internal consistency (0.87–0.85) and validity (0.722–
0.749). It has been used in Cypriot cancer patients’ population
for assessing anxiety and depression levels (27). The same scale
was used for assessing the anxiety and depression of family
caregivers in a study assessing the effectiveness of a breathlessness
management service (40).

The Zarit Burden Interview (ZBI) consists of 22 items, is self-
completed, and assesses the burden family caregivers’ experience
by the caring process (46). It has been used in assessing the
burden family caregivers experience during the care of patients

with breathlessness due to lung cancer (47, 48). It was translated
in Greek language and used in the Cypriot population showing
validity and high internal reliability (Cronbach a = 0.94) (46, 49,
50). The items of the questionnaire are nine for personal strain,
seven for role strain, four for relationship deprivation, and two
for management of care (49). They are rated on a 5 point Likert
scale from 0 (never) to 4 (nearly always). The higher the score
from the sum of the items, ranging from 0 to 88, indicates greater
burden (48–50).

Collection of any information on harms was not included
in the study design. However, participants were informed on
the consent form of the possible side effects of spirometry as
well as the medical conditions restrictive of applying spirometry.
Moreover, during the 4 weeks period that IMT was implemented
by the intervention group participants, they were guided to report
any problems faced to the researcher in order to be recorded
and resolved. Patients in either group were offered support by
the researcher after completion of the study for as long as
they wished.

No changes in measurements took place after commencing
the pilot study as the research associate did not identify any
problems or difficulties during the process.

Data Analysis
A test for equivalence of demographic characteristics of the
Control and Intervention groups was performed, using chi-
square test. Testing for equivalence of the Control and
Intervention groups regarding the clinical characteristics of the
patients (FCV, FEV1) and the level of the scales assessing
Breathlessness and Anxiety/Depression and Burden for patients
and family caregivers was performed using the statistic Welsch t-
test. Measurement of the level of correlation between the clinical
characteristics and the Breathlessness and Anxiety/Depression
scales of the patients at baseline was performed with Pearson
linear correlation. The same correlation measurement was
performed for the Breathlessness, Anxiety/Depression and
Burden scales of the family caregivers. The effect of the
intervention on the clinical characteristics and at the level of the
scales used, was performed with the statistical analysis Repeated
Measures ANOVA (RM ANOVA). Specifically, the statistical
significance of the Group-Time interaction coefficient for its
effect on the level of clinical measurements and scales was
studied. The data included in the analysis were only the data from
the participants from all groups that completed the whole study.

The analysis was performed in SPSS v.21 and statistical
significance was set at 0.05.

Ethical Approval
Approval for conducting the research was granted by the Cyprus
National Bioethics Committee, which is the only authorizing
body for studies to be conducted in the country, with an
authorization No: 2016/16. Approval was also obtained for
accessing doctors and patients from the Cyprus Ministry of
Health for the public hospital and the Bank of Cyprus Oncology
Center. The Office of the Commissioner for Protection of
Personal Data of the country gave permission for keeping records
for the purpose of the study.
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FIGURE 2 | CONSORT 2010 flow diagram of the study.

A written informed consent was signed by all the participants
in the study (patients and family caregivers) at the first meeting
with the research fellow conducting the assessments.

RESULTS

Twenty-six (n = 26) eligible patients were referred and two
refused to participate. From the 24 participating patients
five (n = 5) withdrew from the study during the process

due to hospitalization (hospice or hospital). The reason for
hospitalization was deterioration of the general condition of
the patients requiring inpatient care and was not related to the
implementation of the intervention or participation in the study.
Finally 19 patients completed the study either in the intervention
group (n = 11) or the control group (n = 8). Consequently
their named family caregivers were allocated in the same groups:
n = 11 in the intervention group and n = 8 in the control
group. No family caregiver expressed willingness to leave the
study (Figure 2).
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TABLE 1 | Demographic data of the two groups.

Intervention group

(n = 11)

Control group

(n = 8)

Total

(n = 19)

p-value

N % N % N %

Gender Female 2 18 3 38 5 26 0.345

Male 9 82 5 63 14 74

Age 46–60 0 0 1 13 1 5 0.425

61–74 9 82 5 63 14 74

75+ 2 18 2 25 4 21

Family Widow 1 9 1 13 2 11 0.351

Condition Divorced 0 0 1 13 1 5

Married 10 91 5 63 15 79

Single 0 0 1 13 1 5

Nationality Cypriot 9 82 8 100 17 89 0.202

Other 2 18 0 0 2 11

Educational Lyceum/technical school graduate 1 9 2 25 3 16 0.504

Level Gymnasium graduate 6 55 5 63 11 58

Elementary graduate 2 18 0 0 2 11

No elementary graduate/ 2 18 1 13 3 16

No grammatical knowledge

Smoking 7 64 5 63 12 63 0.96

Receiving drugs for breathlessness 3 27 1 13 4 21 0.435

Oxygen use 6 55 5 63 11 58 0.729

Demographics
In the study the majority of the participants were male patients
(n = 14, 74%) and between the ages of 61 and 74 (n = 14,
74%). Seventy-nine percent (n = 15) were married and 89%
were Cypriots by nationality. Only n = 3 patients (16%) had
no grammatical knowledge and the majority n = 11 (58%) were
Gymnasium graduates (3 years in secondary school). In relation
to smoking 63% (n = 12) of participants in both groups were
smoking regardless of the gender or age group (Table 1).

There was no statistically important difference in the
demographic characteristics among the participants of the
intervention and the control group either among the patients or
the family caregivers (p > 0.05).

Usual Care
Even though 21% of patients (n = 4) were receiving drugs for
managing breathlessness, more than half (58%) (n = 11) were
taking oxygen therapy for managing breathlessness at home.
There was no statistically important difference in relation to the
usual care that was received by the intervention or the control
group (p > 0.05).

Among family caregivers 63% (n = 12) were females, 74% (n
= 14) over the age of 61, and 68% (n= 13) were spouse/partners.

Baseline Assessment
In the baseline assessment, for breathlessness, of both groups
of patients (n = 19) using the mBorg scale (0–10), the median
breathlessness score was 5.7 (±1.4) with a range from 3 (lowest)
to 9 (highest). The median “Breathlessness at best” by the use
of the VAS- Breathlessness (0–10) scale on this first assessment

was 2.5 (±1.3) with 0 as the lowest and five as highest, whereas
“Breathlessness at worst” of the same scale was 7.4 (±1.4)
ranging from 4 to 9. Patients rated their ≪Distress due to
Breathlessness≫ at 6.5 (± 1) on this first assessment of the
VAS-Breathlessness scale (0–10) ranging from 3 (lowest) to 10
(highest). The median Anxiety levels of the patients’ baseline
assessment using the HADS scale (0–21) was 8.9 (±3.7) and the
median Depression levels (on the same scale) was 9.5 (±5.6)
(Table 2).

Comparing the results of the baseline assessment between the
Intervention and the Control group, there were no statistically
important differences among the groups in relation to the
parameters of Lung Function (FCV, FEV1), the breathlessness
levels as assessed by the two scales and of the Anxiety and
Depression levels (P > 0.05). However, in the assessment of
the VAS-Distress by Breathlessness, the distress expressed by the
participants was higher in the intervention group (7.4 ± 1.5) in
relation to the control group (5.4± 1.9) (p= 0.03).

Linear correlations of all the variables of patients’ first
assessment were performed. High positive correlation was
shown between patients assessment of Breathlessness (mBorg
scale) and Breathlessness at Worst (VAS-Breathlessness) (r =

0.523, p < 0.01) whereas moderately positive correlation was
shown between the former and Breathlessness at Best (VAS-
Breathlessness) (r = 0.34, p = 0.154). Breathlessness as assessed
by patients (mBorg scale) showed also high positive correlation
withDistress by Breathlessness (r= 0.423, p= 0.071), moderately
positive correlation with Anxiety (r = 0.384, p = 0.105),
and low positive correlation with Depression (r = 0.279, p
= 0.247). Moreover, Distress by Breathlessness showed high
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TABLE 2 | Baseline assessments’ median of intervention and control group.

Group Both groups

(n = 19)

Intervention

(n = 11)

Control

(n = 8)

Median St. D. Median St. D. Median St. D. p-value

FCV 1.9 0.5 1.96 0.54 1.78 0.3 0.373

FEV1 1.3 0.4 1.3 0.39 1.38 0.37 0.645

Breathlessness (mBorg Scale) 5.7 1.4 5.9 1.6 5.5 1.2 0.529

Breathlessness at best (VAS- Breath.) 2.5 1.3 2.8 1.6 2.1 0.8 0.239

Breathlessness at worst (VAS- Breath.) 7.4 1.4 7.6 1.2 7 1.7 0.381

Distress by breathlessness (VAS-Breath.) 6.5 1.9 7.4 1.5 5.4 1.9 0.03

Anxiety (HADS) 8.9 3.7 10.4 2.6 7 4.2 0.071

Depression (HADS) 9.5 5.6 11.3 4.5 7.1 6.3 0.472

TABLE 3 | Pearsons’ linear correlations of patient’s baseline assessment.

FCV FEV1 Breath. mBorg scale Breath. at

best

Breath. at worst Distress by breath. Anxiety

FCV 1

FEV1 ,608** 1

Breath. (mBorg scale) −0,043 −0,26 1

Breath. at best −0,225 –,518* 0,34 1

Breath. at worst −0,24 −0,41 ,523* ,559* 1

Distress by breath. −0,02 −0,18 0,423 ,658** ,716** 1

Anxiety 0,13 −0,277 0,384 0,342 ,535* ,554* 1

Depression 0,098 −0,378 0,279 ,498* ,483* ,503* ,706**

positive correlation both with Anxiety (r = 0.554, p < 0.01) and
Depression (r = 0.503, p < 0.01) (Table 3).

Family caregivers assessed the levels of breathlessness they
believed their spouse/partner experienced with a median of 4.8
(±1.8) on the mBorg scale ranging from 2 to 9. Their median
Anxiety levels at baseline assessment using the HADS scale
(0–21) was 7.9 (±4.3) and the median Depression levels was
7.2 (±4.4). The burden of family caregivers was rated at 31.7
(±11.9) on the ZBI scale (0–88). Comparing the results of the
intervention and the control group at baseline there is statistically
important difference p < 0.05 in the Anxiety and Burden that
family caregivers experience (Table 4).

Effect of the Intervention
Breathlessness as assessed by patients, using both scales (mBorg,
VAS-Breathlessness), improved between baseline and final
assessment in the intervention group whereas it deteriorated
in the control group. Likewise this appeared when measuring
the Distress due to Breathlessness and the Anxiety of patients
where in the intervention group improved by 1.4 in both
assessments and in the control group deteriorated by 1.6 and
3.3, respectively. Depression levels deteriorated during time and
between the two assessments in both groups by +0.7 in the
intervention group and by+1.7 in the control group. Comparing
the Spirometry measurements of the two groups’ Lung Function,
the results in the intervention group did not show changes over
the three assessments (FCV: 0.95–0.96, FEV1: 1.3–1.32) whereas

in the control group the measurements appeared to show minor
improvement (FCV: 1.78–1.92, FEV1: 1.38–1.5) (Table 5).

The statistical analysis from patients data also showed that the
interaction factor Group X Time was statistically important for
the Distress due to Breathlessness (F = 9.87, p < 0.001) and for
the Anxiety (F= 5.9, p= 0.027) (Table 6).

Family caregivers’ assessments showed improvement in
patient’s Breathlessness assessment in the intervention group
(−0.6) compared to the control group (+1.5). Anxiety and

Depression in the intervention group remained steady whereas
it deteriorated in the control group. Burden was also deteriorated

in the control group in the final assessment, but it improved in
the intervention group (Table 7).

The interaction factor Group X Time for family caregivers’
measurements was statistically important in all measurements:
level of Breathlessness (p = 0.017), Anxiety (p = 0.001),
Depression (p= 0.038), and Burden (p= 0.002).

The results of the study also show that there is a high positive
correlation in the measurements of Breathlessness, using the
mBorg scale, between the patients and the family caregivers
assessments (r = 0.619, p < 0.01). This states that a high or low
score in the self-assessment of breathlessness by patients relates to
the same high or low score in the assessment made by their family
caregiver. Moreover, it is important to note that the median level
of self-assessment by the patients (5.7 + 1.14) is by one point
(on the scale) higher than the assessment made by the family
caregiver (4.8 + 1.8) (t = 1.8, p = 0.072). Moreover, there is

Frontiers in Oncology | www.frontiersin.org 8 September 2020 | Volume 10 | Article 136621

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Choratas et al. Breathlessness Home-Based Educational Programme

TABLE 4 | Family caregivers baseline assessments’ median intervention and control group.

Group Both groups

(n = 19)

Intervention

(n=11)

Control

(n=8)

p-value

Median St. D. Median St. D. Median St. D.

Patients’ breathlessness (mBorg Scale) 4.8 1.8 5.2 1.9 4.3 1.6 0.259

Anxiety 7.9 4.3 9.9 3.3 5.3 4.2 0.023

Depression 7.2 4.4 7.8 4.1 6.3 4.9 0.472

Burden 31.7 11.9 37.4 11.7 24 7 0.007

TABLE 5 | Patients’ measurements at baseline assessment and final assessment.

Intervention (n = 11) Control (n = 8)

Median St. Dev. Median St. Dev. p-value

FCV

Baseline assessment 1.95 0.54 1.78 0.3 0.373

4th week 1.96 0.62 1.92 0.6 0.889

FEV1

Baseline assessment 1.3 0.39 1.38 0.37 0.645

4th week 1.32 0.43 1.5 0.69 0.523

Breathlessness (mBorg scale)

Baseline assessment 5.9 1.6 5.5 1.2 0.529

4th week 5.1 2.6 6.4 1.8 0.228

Breathlessness at best

(VAS-breath.)

Baseline assessment 2.8 1.6 2.1 0.8 0.239

4th week 2.6 2.2 3.1 2.6 0.675

Breathlessness at worst

(VAS-breath.)

Baseline assessment 7.6 1.2 7 1.7 0.381

4th week 6.6 1.9 7.4 1.8 0.404

Distress by breathlessness

(VAS-breath.)

Baseline assessment 7.4 1.5 5.4 1.9 0.03

4th week 6 2.3 7 1.5 0.267

Anxiety

Baseline assessment 10.4 2.6 7 4.2 0.071

4th week 9 4.8 10.3 3.7 0.532

Depression

Baseline assessment 11.3 4.5 7.1 6.3 0.472

4th week 12 6.4 9.8 5.8 0.439

high positive correlation between the anxiety patients and family
caregivers experience (r = 0.521, p < 0.05) and low positive
correlation in relation to depression (r = 0.268, p= 0.266).

No unintended effects or harms were recorded during the
study period by any of the participants (patients or family
caregivers) and regardless of the groups they were allocated to.

DISCUSSION

The results of this feasibility control trial and taking under
consideration the small sample size revealed that the introduction

TABLE 6 | Time X Group interaction for the possible effect of the educational

programme to the intervention group- patients.

Measure Type III

sum of

squares

df Mean

square

F Sig.

FCV 0,048 1,179 0.04 0,306 0.624

FEV 0,028 1,125 0.025 0,236 0.661

Breathlessness

(mBorg Scale)

6,807 1,585 4.294 2,688 0.097

Breathlessness at best

(VAS-Breath.)

3,81 1,584 2.406 1,315 0.279

Breathlessness at worst

(VAS-Breath.)

4,431 1,909 2.321 1,999 0.153

Distress by breathlessness

(VAS-breath.)

20,707 1,954 10.599 9,876 <0.001

Anxiety 49,293 1 49.293 5,9 0.027

Depression 8,34 1 8.34 1,181 0.292

TABLE 7 | Family caregivers’ measurements at baseline assessment and final

assessment.

Intervention (n = 11) Control (n = 8)

Median St. Dev. Median St. Dev. p-value

Patients’ breathlessness (mBorg Scale)

Baseline assessment 5.2 1.9 4.3 1.6 0.259

4th week 4.6 2.7 5.8 2 0.228

Anxiety

Baseline assessment 9.9 3.3 5.3 4.2 0.023

4th week 9.5 3.5 8.8 3.1 0.647

Depression

Baseline assessment 7.8 4.1 6.3 4.9 0.472

4th week 7.9 4.3 8.6 4.2 0.72

Burden

Baseline assessment 37.4 11.7 24 7 0.007

4th week 35.1 10 34.8 6.3 0.928

of the educational program in the patients’ intervention group
had a moderate effect on breathlessness, on the distress due to
the symptom, and to their anxiety level. Moreover, the high
correlations in the first assessment between the above suggest that
attempting to manage breathlessness would influence positively
the distress patients experience and consequently their anxiety.
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With the implementation of the educational program
improvement was shown in the level of breathlessness
experienced by the patients through their self-assessment.
Total breathlessness level as assessed using the mBorg scale
improved in the intervention group almost by one point in
the 10 point scale whereas in the control group it deteriorated
by the same degree. The same also happened when assessing
their worst breathlessness experience. This is in line with the
effect of educational interventions in managing breathlessness in
previous studies either applied in the home setting (21–24) or in
outpatient breathlessness clinics (38–40, 51, 52).

The implementation of the educational program did not show
improvement in lung function since no significant change was
identified in FCV and FEV1 measurements in the intervention
group. On the contrary there was an improvement in functional
capacity in the control group. These findings are in line with
those reported by preceding studies by Akinci and Olgun (23)
and Eui-Geum (30) regarding the results in the intervention
group. However, the findings with regards to the point of
improvement in the control group show it is an infrequent
finding (30) and needs further study in the following larger scale
study and mainly as to the possible effect of family caregiver’s
involvement in the process. Moreover, in the present study
the influence of family caregivers in the implementation of the
practical aspects of the intervention was not assessed and needs
to be included in the future studies.

In addition, the distress due to breathlessness and anxiety of
patients showed improvement by the intervention implemented.
Respiratory distress improved in the intervention group
compared to the control group which agrees with the findings
of previous studies (21–24, 30, 31). Anxiety levels improvement
in the intervention group is in line with the results of Olivier
et al. (25) study where there was a significant improvement in
stress levels. Patients’ experienced depression, as assessed, does
not appear to decrease during the study in both the control and
the intervention groups. This is consistent with the study by
Olivier et al. (25) and may be correlated with the diagnosis and
treatment itself or other problems patients experience in general
and not exclusively due to the process of the implementation of
the educational program for managing breathlessness.

It can be argued that the confounding variables (use of
oxygen and/or medication as usual care) might be the reason for
the improvement of patient’s breathlessness. However, as both
groups received the usual care and no statistically important
difference was shown between the two groups in relation to
the above, the implementation of the intervention is suggestive
of being the influencing component for the results of the
present study.

In the present study, breathlessness appears to have a
moderate to low positive association with anxiety and depression
in patients, whereas discomfort due to breathlessness has a high
positive correlation with both anxiety and depression. From the
assessment of the respiratory distress experienced by patients,
it suggests that the reported degree reflects the worst level of
breathlessness experience. The above can lead to the conclusion
that the consequences of the symptom and not the symptom
itself are the lead causes for the patients’ experienced anxiety

and depression together with other factors like the diagnosis,
treatment, prognosis, etc. (53, 54). Consequently if the symptom
can’t be managed effectively, by targeting its effects, the health
care professional might be able to reduce or even prevent patient’s
feelings of anxiety and depression. This must be taken into
consideration in the future planning of larger scale studies and
explored further to lead to conclusive results, thus designing
self-management home-based interventions that target both the
symptom and the consequent effects.

The high positive correlation between the assessment of
breathlessness by the patients and their family caregiver might
have an important implication in the clinical area and the
home care setting. This can be argued despite the fact that
the experience is subjective and as Hui et al. (55) and Moody
and McMillan (56) support, family caregivers can give accurate
information to health care professionals about the status of the
symptom for their patient, thus helping its management.

The low correlation of the level of breathlessness with anxiety
and depression of family caregivers might imply that the degree
of the symptom does not have any effect on them. On the other
hand the high correlation they showedwith burdenmight suggest
that the higher the burden, the higher the anxiety and depression
family caregivers experience.

The high correlation of the anxiety experienced by patients
with the anxiety of family caregivers is very important for
health care professionals because it implies that for every
intervention applied to patients in relation to managing
anxiety, family caregivers must be involved as they experience
anxiety as well (57). However, the results of the present
study in relation to the correlation between patients and
family caregivers experience of depression, is in discrepancy
with the results of the study by Li et al. (57) where there
is high positive correlation in the presence of depression.
This needs further study in the large research as might
be due to the limitations of the present study or other
factors like the culture of Cypriot cancer patients and their
family caregivers.

Even though there are no data from research in the
home care setting to compare the effectiveness of such an
intervention on family caregivers’ anxiety, depression, and
burden, comparisons with studies in the palliative care setting
show agreement in the improvement of the burden experienced
(58, 59). However, the differences between the studies with
the present in the changes shown for anxiety and depression
might be due to the period characterizing palliative care
(58, 59).

This feasibility study showed that the application of the
educational program in the home care setting for supporting
patients can be successful. Thus, should proceed with the
implementation of a larger scale study taking into consideration
all the problems that were faced during the present effort.
The implementation of the intervention should be taken into
consideration in developing health care programs for cancer
patients in the community in the future. Clinical application of
the educational program has potential as an adjuvant therapy,
along with medication regimens for managing breathlessness for
lung cancer patients and also in rehabilitation (24). Cancer nurses
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or home care nurses by providing the educational programmight
be able to achieve, through providing accurate information,
support, practical advice, verbal persuasion, and gentle coaxing,
the trusting environment that can be helpful to patients (24).
Moreover, they need to be careful during the implementation of
any supportive exercise intervention because as stated by Olivier
et al. (25), in their study with cancer patients, if patients are left
alone they do not adhere to the physical exercise programme
due to lack of motivation. However, even by the presence of
a nurse patients’ anxiety can be reduced as stated by Khajian
Gelogahi et al. (60) and Osterman et al. (61). In the present
study, no qualitative data were collected, thus motivational issues
should be taken under consideration in the future studies in
order to assess whether patients were lacking motivation to
practice the non-pharmacological interventions and whether
family caregivers were present during the implementation of
the intervention in order to help adhesion. Moreover, it needs
further study in relation to the culture of the Cypriot people
and family.

The measurements used for both the patients and the
family caregivers appear to be suitable for the purpose of
the study, and no negative issues were raised by the research
associate administering them. The 4 weeks’ duration for the
implementation of the study, even though it did not give any
negative effect, could be prolonged to 6–8 weeks. However,
this could be done with caution as it might consequently
lead to increased attrition due to either deterioration of
patients’ condition or loss of motivation by patients or
family caregivers.

The positive results of the present study can be utilized for
the development of a bigger scale study aiming to establish
the benefit for patients with breathlessness due to lung cancer
and their family caregivers, through the implementation of this
educational programme. In future studies referrals by doctors
and nurses of patients from other health care settings, e.g.,
hospice or hospital, who are going to be transferred at home,
can be included in the study as well as patients in the palliative
care setting.

The ultimate goal of the researchers is the implementation
of the intervention as the first evidence based practice for
managing breathlessness, which will be established in cancer
home care nursing in the country. Moreover, the intervention
might be able to expand and examine its effectiveness with
breathless patients due to other chronic diseases (with the
necessary modifications) like Chronic Obstructive Pulmonary
Disease (COPD) and Heart Failure.

The implementation of this educational program is a step
toward achieving breathlessness self-management for patients
with lung cancer. This comes in line with the results of previous
studies with COPD patients which promoted self-management
through various interventions and resulted in improvement
in breathlessness and reductions in respiratory-related hospital
admissions (62).

In general the development and implementation of
educational programmes for the patients and the family
caregivers suggests that these can be effective, opening a new
area for health care professionals (63–65).

Study Limitations
The main limitation of the study was the small sample size
preventing the generalization of the results. Despite the fact that
the number of eligible patients that refused to participate was very
low (n = 2) and the time frame of the study was prolonged to
21 months, it was very difficult to achieve a satisfactory level of
participating patients.

Another major limitation of the study was the inevitable
inclusion of participants that received medication for
breathlessness and/or oxygen therapy. This was due to the
fact that in Cyprus non-pharmacological methods are not
used regularly in practice by health care professionals in order
to help patients deal with breathlessness at home. In the
future studies the inclusion or exclusion of patients receiving
pharmacological interventions should be carefully decided by
researchers. Moreover, due to the nature of the disease and
of the symptom, other inclusion or exclusion criteria might
be considered more carefully in order to give possibility for
increasing the sample size.

CONCLUSION

The results indicate that the implementation of an educational
program at home for the management of breathlessness can
be of benefit to cancer patients leading to the achievement of
improvement in their daily living. Moreover, by establishing
such educational programs, health care professionals, and
mainly nurses can achieve self-management of symptoms by
patients. Nurses and especially home care nurses can make
the difference in addressing the problem of breathlessness
encountered by patients at home and reduce unnecessary
hospitalizations. They are in the ideal position to motivate
patients despite the negativeness that exists due to the
detrimental effects of the diagnosis and the symptom of
breathlessness. It is obvious that not every patient manages to
address breathlessness successfully and not every intervention
is going to be beneficial for the patients; thus, careful and
individualized planning is required, as stated by Akinci and
Olgun (23). Moreover, it is not expected that the structured
intervention will resolve the problem of breathlessness without
effort by patients so there are definitely negative consequences
during the process.

Nurse educators and nurse managers need to be more aware
of the new era of directing nursing care into the community
and into home care and should do their best to support
nurses and student nurses to develop and enhance this role.
This can be achieved by redesigning the systems of care
implementing evidence based home care and developing nurse
leaders (66).
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Objectives: To identify subgroups of patients with lung cancer receiving chemotherapy
based on the severity dimension of symptom experience, and to examine changes in
membership between these subgroups over time.

Methods: Patients who were scheduled to receive chemotherapy completed the
Chinese version of the MD Anderson Symptom Inventory and the revised lung cancer
module with a total of 19 symptom items. Data were collected at three time points:
two weeks before chemotherapy (T1), after chemotherapy cycle 1 (T2), and after
chemotherapy cycle 3 or above (T3). The latent profile analysis and latent transition
analysis were used to identify underlying subgroups and describe changes in subgroup
membership over time.

Results: From the total sample (N = 195), 160 patients completed the symptom
assessment at T1, T2, and T3. Two distinct latent symptom profiles of patients could
be identified at T1, T2, and T3, which were classified as “Mild” and “Moderate-Severe”
profiles. From T1 to T2 and T3, members in the Mild profile were more likely to move
to the Moderate-Severe profile. Chemotherapy protocols, prior surgery treatment, and
level of education can predict the transitions.

Conclusion: Results provide a better understanding of the patient’s different symptom
experiences and characteristics. These could help clinicians to anticipate symptom
patterns and develop interventions in lung cancer patients who were scheduled to
receive chemotherapy for the first time.

Keywords: lung cancer patients, symptom experience, chemotherapy, latent transition analysis, symptom profile

INTRODUCTION

Individuals with lung cancer experience multiple symptoms, which are frequently associated with
disease and side effects of treatment (1). A number of physical and psychological symptoms were
reported during the chemotherapy trajectory (2, 3). An early study has shown that symptoms are
related to each other and appear simultaneously, and this phenomenon is described as “symptom
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cluster” (4). Compared with single symptoms, clusters may have
more deleterious influences on patient outcomes, such as quality
of life, functional status, and survival (5). Identifying symptom
clusters with validity is paramount for developing targeted
interventions aimed at improving clinical outcomes of patients.

Two conceptual approaches to symptom cluster analysis
have been demonstrated in the current research. The first
common approach was categorizing symptoms, which is a
“variable-oriented” approach that focused on symptom variables
(6). Most common statistical analysis, such as principal
components analysis (PCA) (7), factor analysis (FA) (8), and
cluster analysis (9) were used to identify symptom clusters
in patients with lung cancer. Emotional or psychological and
gastrointestinal symptom clusters were commonly identified.
However, individual variability may not have been considered
in prior studies. In addition, symptom cluster patterns may
change over time (10). The statistical methods mentioned
above are advantages in dealing with the cross-sectional data,
but for some longitudinal data, they are limited to tracking
individual trajectories of symptom experiences over the course
of a disease or treatment.

Another approach focused on being “person-oriented” and
grouped patients by their symptom patterns. Latent class analysis
(LCA) can provide a model-based method to grouping patients
using categorical variables (11, 12), and members in each latent
class have similar symptom experiences. Latent class analysis
is called latent profile analysis (LPA) when using continuous
variables (12). Latent transition analysis (LTA) is an extension
of LCA that identifies changes in latent class membership using
longitudinal data. It can estimate the transition probability of
individuals who move from one latent class to another at
different time points (11, 12). These analytical methods have
received growing attention in cancer symptom cluster research
over recent years. A few cross-sectional studies (13–15) classified
patients into subgroups using LCA, but a limited number of
studies used longitudinal data. Four studies explored subgroups
of patients prior and after chemotherapy based on symptom
occurrence or severity in a heterogeneous sample (16, 17)
or specific cancer type of patients (18, 19). Different distinct
subgroups, transition status, and patient characteristics were
identified using LCA and LTA.

Previous studies have provided a deep understanding of
grouping patients and their changes over time. To our
knowledge, there has been no research conducted in patients
with lung cancer. To better understand the interindividual
variability among patients with lung cancer, this study aims to
identify the latent profiles based on the severity dimension of
symptom experience, to compare the characteristics of different
group patients, and to examine the changes in subgroup
membership over time.

MATERIALS AND METHODS

Patient Selection and Study Design
A total of 195 participants were recruited using convenience
sampling. Inclusion criteria included: being older than

18 years; able to read and speak Chinese; a diagnosis of
lung cancer; scheduled to receive chemotherapy for the first time;
chemotherapy protocols were platinum-containing a two-drug
combination; and without cognitive impairment.

This study was a prospective, longitudinal study. Data were
collected at three time points: two weeks before chemotherapy
(T1), within one week after chemotherapy cycle 1, and after cycle
3 or above (T2 and T3). This study was approved by the hospital
ethics committee.

Measures
Demographic and Medical Characteristics
Demographic variables included age, gender, educational level,
and income. Medical characteristics included prior treatment,
comorbidities, cancer stage, and chemotherapy protocols.

Chinese Version of the MD Anderson Symptom
Inventory
The MD Anderson Symptom Inventory (MDASI) was used to
evaluate the severity of symptoms and symptom interference
with daily life (20). It consists of 13 core symptom items and six
symptom interference items. Each item was measured using a 0
(not present) to 10 (as bad as can imagine) numeric rating scale.
The MDASI has been translated into a Chinese version (MDASI-
C), which has good internal consistency (Cronbach’s α ranges
from 0.84 to 0.90) (21). For this study, the 13 symptom items of
the MDASI-C were used.

Revised Lung Cancer Module of the MDASI
The lung cancer module of the MDASI was developed from
the MDASI, which consists of cough, constipation, and sore
throat (22). Researchers revised this module to measure the
symptom burden of Chinese patients with lung cancer (23). The
revised version of the lung cancer module consists of cough,
expectoration, hemoptysis, chest tightness, constipation, and
weight loss. It has an acceptable internal consistency reliability
(0.773) and content validity (0.944) (23).

Statistical Analysis
Data were analyzed using Mplus 7.4 and SPSS version 21.0.
The LPA and LTA were conducted to identify subgroups of
patients with lung cancer and explore transitions in subgroup
membership over time, using the symptom severity data. To have
a sufficient number of patients with each symptom in LPA and
LTA, symptoms that occurred in less than 40% of patients at three
time points were excluded from the analysis, and were not used
in these studies (17, 24).

First, separate LPAs were performed to identify latent
profiles of patients with distinct symptom patterns at three
time points. The number of latent profiles for each LPA was
determined by model comparison. Several statistical fit indices,
including the Akaike Information Criteria (AIC), Bayesian
Information Criteria (BIC) values, and the sample-size-adjusted
BIC (Adj.BIC), were applied to compare the models, with smaller
BIC, AIC, and Adj.BIC indicating a better-fitting model (25).
Lo–Mendell–Rubin (LMR) adjusted likelihood ratio and the
bootstrapped likelihood ratio test (BLRT) were used to compare
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the fit of the k and the k− 1 profile model. The significant p value
(p < 0.05) in these tests would indicate that the k profile model
fits data better than the k − 1 profile model (11). The entropy
value indicates the profile classification accuracy, and the higher
the entropy the better the model is.

After identifying the optimal latent profile model at each
time point, we extended the LPA models to LTA to examine
the transitions in membership between latent profiles over
time. The log-likelihood was used for model comparison and
confirmation. To ensure that the maximum likelihood solution
can be identified for LTA models, 100 sets of random starting
values were used to examine the percentage of potential solutions
that converged to the maximum likelihood solution. A higher
percentage represents the model was sufficiently well identified
(26). In LTA, the possible transitions of latent profiles from
T1→ T2→ T3 were estimated. The latent profile membership
and transitions were saved as “observed” categorical variables
for further analysis. Descriptive statistics in each profile, such
as patients’ demographics, medical characteristics, and symptom
severity, were analyzed and compared using SPSS version
21.0. Logistic regression was used to examine if participant
characteristics predict the latent profile transitions.

Before LTA, we tested a longitudinal measurement invariance
across time. Measurement invariance assumes that all the
measurement parameters are equal across all the time points and
the meanings of profiles are the same at each time point, thus
the model can be interpreted meaningfully (27). A fixed sequence
of model comparison was conducted, which involved configural
invariance, weak invariance, strong invariance, strict invariance,
invariant factor variances, and invariant factor covariances
models with restrictive constraints imposed (28). The chi-square
difference test and a change (1) in CFI (comparative fit index)
were used to compare those six nested models. A non-significant
chi-square difference test indicates the current model was more
suitable than the previous one; a value of 1CFI smaller than
−0.01 indicates that the hypothesis of invariance should not be
rejected. The change in CFI are superior to chi-square difference
tests due to their stability (29).

RESULTS

Latent Profile Analyses
In total, 160 patients completed the symptom assessment at T1,
T2, and T3. A total of four out of the 19 symptoms (pain,
numbness, hemoptysis, and weight loss) that occurred in less than
40% at all three time points were excluded in the LPA. Separate
LPAs were performed at each time point. Supplementary Table 1
provides the fit statistics for models ranging from one to five
latent profiles. At T1, the two-profile model had lower AIC, BIC,
and Adj.BIC values than the one-profile model, and the LMR
and BLRT statistics were significant for the two-profile model,
indicating that the two-profile model fits data better than the one-
profile model. Although the three-, four-, and five-profile models
had lower AIC, BIC, and Adj.BIC values in comparison to the
two-profile model, the LMR statistics were not significant. Thus,
the two-profile model fits data well. At T2 and T3, similar LPA

models were found. The two-profile model was selected as the
best fit model at each time point. The entropy value was 0.98,
0.913, and 0.937 at T1, T2, and T3, respectively.

Longitudinal Measurement Invariance
The results of longitudinal measurement invariance across time
are presented in Supplementary Table 2. Chi-square difference
test showed that model 2 is significantly different from model
1, but the change in CFI (1CFI < 0.01) supported model 2’s
constraining equal factor loadings. Other results were based
on non-significant chi-square difference tests (p > 0.05) and
the change in CFI (1CFI < 0.01) between models, suggesting
that there is evidence of strong, strict, factor variances, and
factor covariances being invariant. Thus, equal restrictions were
imposed on measurement parameters across time.

Latent Transition Analysis
Latent transition analysis was done using longitudinal data
from three time points of measurement. Models with different
numbers of latent profiles were compared (Supplementary
Table 3). Results showed that models with four or more profiles
were unidentified because of not converging. The two-profile
model had a higher percentage of solutions that converged to
the maximum likelihood solution. Additionally, combined with
the results of LPAs determined above, we selected the two-profile
model (entropy value = 0.953) as the best fit model. According to
the mean score of symptom severity at each time point, profile 1
was classified as “Mild,” and profile 2 was classified as “Moderate-
Severe.” Supplementary Figure 1 shows the mean scores of
multiple symptoms by profile from the LTA model.

Differences in Sample Characteristics
Among the Two Profiles
Supplementary Table 4 presents the differences in demographic
and medical characteristics. At T1, there were significant
differences in gender between the Mild and Moderate-Severe
profiles. Patients in the Moderate-Severe profile were more
likely to be female.

Transitions Between Latent Profiles and
Predictors
In LTA, the transition probabilities of latent profiles between
three time points were estimated (Supplementary Table 5).
Members in the Mild profile at T1 were more likely to transition.
About 59.1% of them remained at T2, while 40.9% transitioned
to the Moderate-Severe profile. Members in the Moderate-Severe
profile at T1 were relatively stable; only two patients transitioned
to the Mild profile at T2. From T2 to T3, members in two
profiles were both relatively stable, with 88.8 and 95.5% of them
remaining in the Mild and Moderate-Severe profile. Only 11.2%
in the Mild profile moved to the Moderate-Severe profile. 0.5%
in the Moderate-Severe profile moved to the Mild profile. From
T1 to T3, 53.9% of patients in the Mild profile remained at T3,
while 46.1% transitioned to the Moderate-Severe profile. Among
patients in the Moderate-Severe profile at T1, 75% of them
remained at T3, while 25% transitioned to the Mild profile.
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Given the two latent profiles at each time point, there are
eight transition patterns from T1 → T2 → T3. As shown in
Supplementary Table 5, pattern 1 (patients in the Mild profile
at T1 remained over time) and pattern 4 (patients in the Mild
profile at T1 transitioned to the Moderate-Severe profile at T2
and T3) were the most common transition patterns, accounting
for 86.88% of all transitions. Logistic regression revealed that
the chemotherapy protocol can predict pattern 1; prior surgery
treatment and level of education can predict pattern 4 (see
Supplementary Table 6).

DISCUSSION

This study is the first to identify subgroups of patients with
lung cancer using LPA and LTA. We identified two distinct
subgroups of patients based on the severity of 15 symptoms
from prior to and following chemotherapy. Patient characteristics
among subgroups and the transitions in patients over time were
reported. These results provided evidence for the person-oriented
method on symptom cluster research.

Two Latent Profiles at Each of the Three
Time Points
In this population, two latent symptom profiles could be
identified at T1, T2, and T3. Profile 1 was classified as “Mild”
and had a relatively low symptom score. Profile 2 was classified
as “Moderate-Severe” and had a moderate to severe score for
multiple symptoms. This classification based on symptom scores
is consistent with symptom control practice guidelines (30, 31).
Similar grouping results were found in children undergoing
chemotherapy, which were defined as “less severe symptoms” and
“severe symptoms” (18). A previous LTA study (17) identified
three latent classes (low, moderate, high) using symptom
occurrence in oncology (including lung cancer) outpatients,
which differs from our findings. This is possibly due to the small
sample size, or the different symptom dimension used.

Differences Patient Characteristics
Among Two Profiles
There were significant differences in gender among the two
profiles before chemotherapy. Patients in the Moderate-Severe
profile were more likely to be female. This finding was similar
to a prior study (32) which found that females experienced
higher levels of physical and psychological symptoms. Although
there are relatively fewer females than males in the lung cancer
population, more attention and support should be given them.

Transitions Between Latent Profiles and
Predictors
In our study, the most common transition between latent profiles
occurred in the Mild profile at T1. Among 152 patients, about
half of them remained over time, and patients who were receiving
the GP protocol were more likely to remain in the Mild profile
than those receiving AP protocol. However, the toxic reaction
of AP and GP protocols revealed no difference in patients with

non-small-cell lung cancer (33). This is mainly because most
patients were receiving the AP protocol in this study. Half
transitioned to the Moderate-Severe profile after chemotherapy
cycles. This finding suggests that some patients experienced a
worsening symptom burden after chemotherapy cycle 1, and
these symptom experiences may persist during chemotherapy. As
reported by Wang et al., this phenomenon may be a predictor of
overall survival (34).

Our study showed that patients who had surgery treatment
and had low education levels before chemotherapy were more
likely to transition to the Moderate-Severe profile over the
course of chemotherapy cycles than patients who had no surgery
treatment and had high education levels. These predictors were
also reported in previous results (32, 35). Thus, symptom support
should be given to these patients. Additionally, membership in
the two profiles were both relatively stable during chemotherapy
cycles. This result has not been reported in patients with
lung cancer, but was consistent with the previous report that
used LTA to examine the changes in profile status among
children patients, which revealed that subgroup membership
remains relatively stable from the start to the mid-way cycle of
chemotherapy (18).

Implications for Practice
This study focuses on patients receiving chemotherapy for the
first time, characterizing patients into “Mild” and “Moderate-
Severe” subgroups based on multiple symptom experience.
Importantly, patient characteristics between groups were
observed and were shown to have great significance for clinical
practice. The tailored severity-based symptom intervention
strategies can be developed for specific populations. According
to our findings, the majority of transitions were found in the
“Mild” group, in which patients moved to the “Moderate-Severe”
group. This provides a better understanding toward the change
in symptom experience over the course of chemotherapy. The
predictive factors of transitions may help clinicians to pay
more attention to patients who had surgery treatment and had
low education levels when implementing interventions. It is
important to promote positive transitions in lung cancer patients
receiving chemotherapy.

LIMITATIONS AND CONCLUSION

Several limitations should be considered. The relatively small
sample size may have limited the number of distinct categories
grouping patients. A small group (N = 8) of patients were
identified prior to chemotherapy, thus, this classification needs
to be further verified. Additionally, we did not evaluate
symptoms through the consecutive cycles and after completion
of chemotherapy. Finally, four symptoms with occurrence rates
of less than 40% were excluded in LPA and LTA, and the effects of
these symptoms may be ignored.

In conclusion, we identified the Mild and Moderate-Severe
subgroups in patients with lung cancer prior to and following
their cycles of chemotherapy. Two distinct symptom patterns
were observed in symptom scores. Patients in the Mild profile
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were more likely to move to the Moderate-Severe profile after the
cycles of chemotherapy. These findings could help clinicians to
anticipate symptom patterns and develop interventions in lung
cancer patients who were scheduled to receive chemotherapy
for the first time.
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Background: There is currently no evidence of research priorities from nurses and allied
health professionals working in the field of thoracic malignancies, which could provide
strategic directions for funders, policy makers, and researchers.

Objective: The aim of this study is to identify the priorities for lung cancer and other
thoracic malignancies research and practice in nurses and allied health professionals.

Methods: Descriptive cross-sectional web-based international survey conducted
through international societies’ membership lists.

Results: Participants included 152 nurses and allied health professionals. Key priority
categories were related to developing and evaluation interventions; symptom
management interventions; health care system issues; treatment-related research
(immunotherapy; targeted therapies); persistent/late effects management (fatigue;
pulmonary toxicity); risk reduction, and screening research. The specific topic with the
highest endorsement (80.9%) was the development of interventions to improve quality of
life. Symptom management interventions, particularly for pain, dyspnea, and fatigue, were
also highly endorsed. Health care system topics were related to delivery of care and
included nurse-/allied health-led care (67.5%), working with the multidisciplinary team
(67.5%), continuity of care (69.2%), and access to care (67.5%). Topics around screening/
early detection research were highly endorsed too.

Conclusion: A clear focus (and need) for research in interventions to improve quality of life
and symptom management, particularly for pain, dyspnea, and fatigue was also
established, alongside healthcare system issues and screening research.

Implications for practice: International societies and funding bodies could consider
these topics in their funding decisions and in shaping their strategic directions in the care
of patients with thoracic malignancies.

Keywords: lung cancer, research priorities, nursing, allied health professionals, thoracic malignancies, quality of
life, symptoms, interventions
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INTRODUCTION

Shifts in cancer care have seen the introduction of more effective
treatments such as precision medicine, targeted therapies, and
immunotherapy. These novel agents have led to improvements
in survival, clinical outcomes, and more focus on prevention,
early detection, survivorship, supportive and palliative care. As
cancer care changes, so may be the impact of these changes on
the patients and their families, creating new or different unmet
needs. Nurses and Allied Health professionals need to continue
developing new knowledge and addressing clinical unmet needs
in order to provide dynamically efficient and patient-centred
care. Information on research priorities can provide strategic
directions for a particular area of care, highlight a gap in the
current knowledge, can be a resource for researchers, policy
makers and funding agencies, and potentially can increase the
likelihood of research findings influencing clinical practice, care
policies, and education. Furthermore, such surveys setting
research agendas can elevate the voices of nurses and allied
health professionals to shape innovations in care, add value and
impact in such innovations by delivering data, creates engaged
professionals and allows them to be advocates for their patients,
and families’ issues of importance.

Identifying research priorities is often carried out by national
or international societies and organisations. For example, the
Oncology Nursing Society in USA is conducting research
priority surveys almost every four years for the past three
decades. Its latest report highlights the priority areas being
around patient adherence, screening in minority groups,
symptom control, managing late effects, and delivery of
survivorship care (1). Other reports focus on specific cancers
or specific pathways of care. For example, research in young
adults with haematological cancers (n = 80) has identified clinical
medicine and psychosocial care as research areas of the highest
priority (2). A nurse-patient collaboration project supported by
the United Kingdom Oncology Nursing Society (n = 50 nurses
and 18 patients) showed a high level of consensus on research
related to prevention, screening, early diagnosis, and psychological
care across the cancer trajectory (3). Research needs and priorities
have been identified in the area of breast cancer (4), kidney
research (5), expert panels, or caregivers (6), and prostate cancer
survivorship (7) through Delphi consensus. In lung cancer care
there is only a small-scale (n = 42) survey of health professionals in
Australia, highlighting that reducing the time from presentation of
symptoms to diagnosis and treatment was the highest priority
while other priorities included timely referral to palliative care or
unmet needs in vulnerable populations (8). Another interesting
approach to measuring priorities has been the Stakeholder
Engagement in quEstion Development and Prioritization
(SEED) Method, which is a multi-stakeholder methodology that
uses principles of community engagement and causal modelling to
develop health research questions that reflect the priorities of
patients, clinicians, and other community stakeholder (9).
According to the findings of the latter study, the resulting
research agenda poses questions on how a broad range of topics
including access to care, support systems and coping mechanisms,
Frontiers in Oncology | www.frontiersin.org 235
social determinants of health, and quality of care impacts lung
cancer outcomes (9).

The management of lung cancer and other thoracic
malignancies has seen significant changes over the past decade
with the development of novel therapies, improvements in
palliative and supportive care, and earlier diagnosis (5). Also,
there is currently no evidence on research priorities from nurses
and allied health professionals, which could reflect unmet needs
in lung cancer care across the cancer continuum. Hence, the
overall aim of the current study is to identify the priorities for
lung cancer care research and practice in nurses and allied health
professionals. The results from this study can be used to inform
the development of lung cancer care-specific research priorities
in the wider lung cancer nursing and allied health community
and contexts.
METHODS

Design
This study is a cross-sectional international web-based survey.
Survey participants were recruited from the email membership
lists of international societies, such as nursing and allied health
membership of the International Association for the Study of
Lung Cancer (IASLC), International Thoracic Oncology Nursing
Forum (ITONF), European Oncology Nursing Society (EONS),
Multinational Association of Supportive Care in Cancer
(MASCC), and the UK National Lung Cancer Forum
(UKNLCF). Individuals participating could have forwarded the
survey link to other individuals in their network or even to their
national society, as requested through the survey’s information
letter. We have also used social media, with the survey being
disseminated through Twitter, Facebook, and Linkedin. The
survey information letter asked individuals to complete the
survey only if they worked exclusively or mostly with lung
cancer patients. For nursing, most of the societies were lung
cancer specific and hence it was expected that all nursing
participants would be working most of their time with lung
cancer patients. For allied health professionals, while we left this
to be self-defined, we restricted the types of professionals that
could participate to a few only by disseminating the survey in
societies for occupational and physical therapy, social work, and
psycho-oncology only as those work more closely with cancer
patients albeit acknowledging this would be a small part of their
workload with the exception of psycho-oncology. The sample
represents diverse backgrounds in academic and practice
settings. The term “lung cancer” in this study reflects patients
with any thoracic malignancy. The term “care” includes care
provided across the disease trajectory.

Data Collection
The survey questionnaire on research priorities developed by the
Oncology Nursing Society (ONS) (1) was the basis for the
questionnaire of this study. Permission was obtained from
ONS and the questionnaire was adapted to reflect specific
areas of lung cancer care not reflected in the original ONS
October 2020 | Volume 10 | Article 591799
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questionnaire. Questionnaire adaptation was done through
discussions with lung cancer care experts and literature on the
topic and resulted only in the addition of items not covered in the
original ONS survey under the same domains. Six experts (4
nurses, 1 occupational therapist, and 1 psycho-oncologist) also
commented on the content, clarity of the questions posed, or
wording through two rounds of comments. The web survey was
developed through an in-house e-survey platform. The final
questionnaire included a section on the participants ’
characteristics (sex, age group, society membership, country of
residence, professional discipline, years of experience, highest
degree, and primary work setting). Questions on research
priorities were then broken down into categories/sections,
including developing and evaluating interventions (50
statements which also include items on developing interventions
for nearly 30 symptoms and 20 complementary therapies),
screening research (3 statements), reducing social inequalities in
lung cancer care (3 statements), symptom management
interventions (with specific focus on 28 symptoms and 3 more
general symptom statements), treatment- and diagnosis-related
research (14 statements), persistent and late effects (list of 19 late
effects), risk reduction in cancer patients and survivors (10
statements), survivorship issues (5 statements), healthcare
systems (26 statements), and caregivers issues (12 statements).
All statements were rated on a 4-point scale, with “1” representing
highest priority and “4” representing not at all of a priority.
Participants were then additionally asked to select from a list of
28 symptoms the three most difficult symptoms to manage and
the three most distressing symptoms for lung cancer patients.
Ethical approval for the conduct of the study was obtained from
the Human Research Ethics Review Committee of the Hong Kong
Polytechnic University. Email lists were used through society
administrators after permission was obtained from the
respective chair/president/board. Society members received an
email invitation with a letter explaining the purpose of the
study, the anonymous nature of the survey, the societies
involved, and ethical approval, asking their voluntary
participation and stating that completion of the questionnaire
would imply consent. A reminder email was sent to the same email
lists after 3–4 weeks. The survey was open for four months until
late 2019. There was no clear information from most of the
societies on the specific number of nurses and allied health
professionals, as membership included many different
disciplines, and hence no response rate could be calculated.
Although there was no predetermined sample size calculation as
the population size was not known, as a rule of thumb we expected
to have at least 100 responses in order to have any
meaningful results.

Data Analysis
Data analysis was primarily based on descriptive statistics.
Frequencies and percentages were calculated for each item of
each domain of the survey tool. A rank order of these frequencies
was tabulated. The percentage scores refer to proportions of
participants who rated the item at a specific priority score (i.e.
Frontiers in Oncology | www.frontiersin.org 336
score 1 for “high priority” to score 4 “low/no priority”).
Comparisons were made with regards to education (degree
holders or lower vs. postgraduate education) and work setting
(inpatient/outpatient/ambulatory setting vs. home care/palliative
care vs. educational setting) without the use of any formal statistics.
RESULTS

Sample Characteristics
The sample included 152 participants, most of whom (n = 136)
were from the nursing discipline. They had an average of 13.4
(SD = 9.8) years of experience working with patients with
thoracic malignancies. Most were coming from the USA, UK
or other European countries and were members of IASLC,
EONS, or ITONF providing an international reach to the
required sample. More details are presented in Table 1.
Research Priorities
Out of the top twenty priorities, the categories of developing and
evaluating interventions, symptom management interventions
and health care system topics had four specific items selected
each. Persistent/late effects, treatment-related research, risk
reduction in cancer patients and survivors and screening
research had two items selected as priorities each. As the two
topics selected in persistent/late effects included symptoms, this
combined with the category of symptom management
interventions makes the symptoms research as the top priority
area. Also, development of interventions in different categories
included primarily interventions for symptom control,
containing also self-management symptom interventions
(69.7%). Looking at specific items selected as top priorities, the
highest priority was on interventions to improve quality of life
(80.9%). The next two priorities with 78.8 and 73% each were
related to interventions for the management of dyspnea and
pain, respectively. Other key symptoms that were in the top
twenty priority list included fatigue management, and managing
pulmonary toxicity and depression (with anxiety management
being the 21st topic selected with 61.3%). Palliative care
interventions were high in the priority list (72.4%) as was
research related to immunotherapy and targeted therapies
(around 70%). Health care system topics of high priority
included continuity of care, access to care, nurse-led care, and
working with the multidisciplinary team. Risk reduction through
smoking cessation approaches and screening/early detection,
particularly in undeserved and/or uninsured people, accounted
for the remaining top priorities. A detailed description of the top
twenty priorities is presented in Table 2.

The lowest priority (all <20%) was related to all 15 statements
about research in different types of complementary and
alternative medicine. Other low priority areas, selected by less
than 30% of participants, included social support and counselling
interventions (30%), interventions that use technology to address
symptoms (29.6%), spiritual care (29.6%), bereavement research
October 2020 | Volume 10 | Article 591799
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(28.9%), bio-informatics (25%), and non-medical prescribing
(24.8%). In relation to the list of 28 symptoms, the item with
the lowest endorsement was unexplained weight loss (38.2%),
while cough research was endorsed by 54% of participants.

Table 3 presents the top ten most difficult to manage
symptoms and the most distressing symptoms for patients.
Pain, dyspnea, and fatigue were the top three symptoms
identified both in terms of difficulty in managing and being
distressing for patients. Interestingly, cough, being a common
symptom in lung cancer, was 9th in the list of difficult symptoms
to manage in the current study, but was recognized as the 4th

most distressing symptom for patients.
Frontiers in Oncology | www.frontiersin.org 437
Endorsement of topics was also assessed in terms of highest
degree held (Bachelor degree holders and below vs those having
postgraduate education) and the work place (inpatient/
outpatient/ambulatory setting versus homecare/hospice/
palliative care versus university/college setting). Regarding
education level, the key priorities were consistent between the
two groups, with symptom management and quality of life being
the common priorities. The group with baccalaureate education
and below was further concerned on access to care, whereas
those with postgraduate education highlighted research in
immunotherapy as a key priority for them. In terms of priority
endorsement based on work setting, symptom management
interventions and interventions to improve quality of life were
also common across all three groups. However, the hospital-
based group prioritized other clinical topics (i.e. management of
pain and dyspnea and immunotherapy research), the
community/palliative care group had additional emphasis on
psychosocial adjustment, while the education-based group had
additional emphasis on self-management interventions and
health care system aspects such as continuity of care and
access to care (Table 4).
DISCUSSION

This is the first survey of nursing and allied health professionals
focusing on their research priorities in the field of thoracic
malignancies. Key priorities were about developing interventions
to improve quality of life, symptom management, and palliative
care. Endorsements of high priority also included health care
system-related research reflecting issues around the delivery of
care, treatment-related research (immunotherapy and targeted
therapy), persistent/late effects management of pulmonary toxicity
and fatigue, smoking cessation as a way to reduce risk in patients
and screening/early detection research. Pain, dyspnea, and fatigue
were the highest ranked symptoms both in terms of difficulty in
managing them and the distress impacting upon patients.

The focus on development and evaluation of interventions to
improve quality of life and symptom management reflects the
significant unmet needs of patients with lung cancer, who are often
diagnosed at a late stage experiencing at the same time a complex
array of supportive care needs, while our knowledge on how to
manage these needs is fairly fragmented (10). This is also an area of
care that has produced new challenges as a result of the
introduction of newer treatments with complex and difficult
symptoms to manage (11). Pain was endorsed as the most
difficult symptom to manage, perhaps reflecting more complex
pain syndromes in largely palliative care patients where the
evidence-base is limited and the research investment minimal.
Dyspnea has received more research attention over the years, but
still our knowledge is not adequate to provide complete relief to
patients. However significant efforts in finding new interventions
continue and new approaches are developed (12, 13). Managing
(refractory) fatigue is a topic featuring at the top of complex,
distressing and difficult to manage symptoms for decades now
across cancer groups, and was also identified as the most difficult
TABLE 1 | Sample characteristics (n = 152).

N %

Gender Male 24 15.8
Female 128 84.2

Age group 20–29 9 5.92
30–39 38 25
40–49 41 26.97
50–59 48 31.58
>60 16 10.53

Country of residence USA 30 19.7
UK 21 13.9
Ireland 14 9.3
Iceland 9 5.9
Greece 8 5.3
Australia 8 5.3
Cyprus 7 4.6
Turkey 7 4.6
Sweden 7 4.6
Belgium 5 3.3
Canada 5 3.3
Europe (other) 19 12.3
Asia 8 5.3
Africa 4 2.6

Society membership* IASLC 47 30.9
EONS 42 27.6
ITONF 27 17.8
NLCFN 9 5.9
Other society or multiple
society membership

49 32.2

Professional discipline Nursing 136 89.5
Physiotherapy/Occupational therapy 5 3.3
Social Work/Psychology 3 1.95
Others (Speech therapy, Doctor,
Pharmacy, Program director,
Advocate, Oncocoach)

8 5.25

Highest degree Associate degree/Diploma 11 7.2
Bachelor degree 29 19.1
Master’s degree 72 47.4
DNP/Professional doctorate 6 3.9
Doctoral degree (PhD) 34 22.4

Primary place of work Inpatient care 35 23
Ambulatory/outpatient care 55 36
Hospice/palliative care 16 10
University/College 34 22.1
Others (research center, home care,
day-care, medical center, advocacy,
cancer society, government cancer control

12 7.90
*Participants could choose more than one option, hence percentage in higher than 100%
IASLC, International Association for the Study of Lung Cancer; EONS, European Oncology
Nursing Society; ITONF, International Thoracic Oncology Nursing Forum; NLCFN,
National Lung Cancer Forum for Nurses (UK).
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symptom to manage and the most distressing for patients in the
ONS 2013 survey (1). A number of interventions, primarily non-
pharmacological ones, have shown promising results for several
symptoms (14, 15), although the uptake of such approaches in
clinical practice is often less than optimal. Pulmonary toxicity has
received high endorsement as a key research area, not only
reflecting perhaps the frustration of clinicians in managing this
difficult symptom but also as an example where a multidisciplinary
Frontiers in Oncology | www.frontiersin.org 538
effort is needed in order to provide optimal care, connected with
the health care systems related topic in the survey.

Cough is a symptom that 57–67% of patients with lung cancer
experience (16) and is severe enough to require treatment in as
many as 62% of them (17). The complexity of its treatment is also
highlighted in the most recent clinical guidelines developed by the
American College of Chest Physicians (18). However, it was not
endorsed by our sample as a key research priority on symptoms,
although it was recognized as the fourth most distressing symptom
for patients. A possible interpretation of this finding lies in the fact
that lung cancer-related cough is an important unmet clinical need
for which morbidity and distress are often underestimated by
health professionals (16). This discrepancy needs to be elucidated
a little more clearly in the future.

Psychosocial care topics received low endorsement generally,
including coping, psychosocial adjustment, bereavement care,
and spiritual care, with the exception of managing depression.
Only those participants working in the community and palliative
care settings endorsed these higher than the rest of the
participants. Psychosocial care is key to improving quality of
life, and often a high priority area in many past surveys (1–3). It
would be useful in the future, perhaps with qualitative research,
to explore this discrepancy further in the lung cancer field.

Delivery of care and health care system-related issues have
been the focus of nursing and allied health for a couple of decades
with the identification and evaluation of service provision, service
models and early palliative care, reviewed elsewhere (11). The
changing face of cancer care is an area where the specialized roles
TABLE 2 | Top 20 Research priorities in lung cancer care.

Rank Theme Specific focus High
priority = 1

2 3 Not at all
= 4

Mean* SD

1 Develop and evaluate interventions Interventions to improve quality of life 123 (80.9%) 25 (16.4%) 3 (2%) 1 (0.7%) 1.22 0.5
2 Symptom management interventions Dyspnea/Shortness of breath 108 (78.8%) 23 (16.8%) 5 (3.6%) 1 (0.7%) 1.26 0.56
3 Symptom management interventions Pain (e.g., Chest pain, bone pain) 100 (73%) 32 (23.4%) 4 (2.9%) 1 (0.7%) 1.31 0.56
4 Develop and evaluate interventions Assistance with management of symptoms 101 (72.4%) 37 (24.3%) 2 (1.3%) 1 (0.7%) 1.29 0.52
4 Develop and evaluate interventions Palliative care interventions (home/community-

based and hospital-based)
110 (72.4%) 37 (24.3%) 2 (1.3%) 1 (0.7%) 1.42 0.67

6 Treatment- and diagnosis-related
research

Immunotherapy 92 (71.9%) 30 (23.4%) 6 (4.7%) 0 1.33 0.56

7 Develop and evaluate interventions Self-management interventions to improve
symptom control

86 (69.7%) 36 (23.7%) 7(4.6) 3 (2) 1.39 0.67

8 Treatment- and diagnosis-related
research

Targeted therapies 89 (69.5%) 33 (25.8%) 6 (4.7%) 0 1.35 0.57

9 Health care systems Continuity of care 81 (69.2%) 28 (23.9%) 12 (10.3%) 1 (0.9%) 1.38 0.61
10 Risk reduction in cancer patients and

survivors
Smoking cessation 83 (68.6%) 28 (23.1%) 7 (5.8%) 3 (2.25%) 1.42 0.72

11 Health care systems Access to care 79 (67.5%) 28 (23.9%) 10 (8.5%) 0 1.41 0.64
11 Health care systems Work with the multi-disciplinary team 79 (67.5%) 28 (23.9%) 7 (6%) 3 (2.6%) 1.44 0.72
11 Health care systems Nurse-led/AHP-led care 79 (67.5%) 28 (23.9%) 5 (4.3%) 5 (4.3%) 1.45 0.77
14 Persistent and late effects Fatigue 82 (67.2%) 31 (25.4%) 8 (6.6%) 1 (0.8%) 1.41 0.65
15 Symptom management interventions Fatigue 91 (66.4%) 41 (29.9%) 5 (3.6%) 0 1.37 0.55
15 Persistent and late effects Pulmonary toxicity 81 (66.4%) 38 (31.1%) 2 (1.6%) 1 (0.8%) 1.37 0.56
17 Risk reduction in cancer patients and

survivors
Screening/early detection 78 (64.5%) 29 (24%) 12 (9.9%) 2 (1.7%) 1.49 0.74

18 Symptom management interventions Depression 88 (64.2%) 40 (29.2%) 8 (5.8%) 1 (0.7%) 1.43 0.64
19 Screening research Screening and early detection for lung cancer in

underserved and/or underinsured individuals
92 (62.6%) 34 (23.1%) 16 (10.9%) 5 (3.4%) 1.55 0.82

20 Screening research Screening for lung cancer in at-risk individuals 95 (62.5%) 37 (24.3%) 12 (7.9%) 3 (2%) 1.48 0.73
Octo
ber 2020 | Vo
lume 10 |
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*Lower mean scores represent higher priority (1 = highest priority, 4 = lowest priority).
TABLE 3 | Top ten most difficult symptoms to manage and most distressing
symptoms for lung cancer patients.

Difficult to
manage

symptoms

Distress from
symptoms

% Rank order % Rank order

Pain (e.g., Chest pain, bone pain) 53.7 1 49.8 1
Dyspnea/Shortness of breath 43.5 2 47.8 2
Fatigue 43.1 3 26.3 3
Functional impairment 16.7 4 17.6 5
Depression 14.9 5 10.8 8
Anxiety 13 6 16.6 6
Cachexia 13 6 5.9 10
Peripheral neuropathy 13 6
Cough 10.2 9 20.6 4
Cognitive dysfunction 9.3 10
Sleep/wake disturbances 14.7 7
Immunosuppression-related symptoms 6.6 9
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across nurses and allied healthcare professionals become pivotal
(19). The rise of new treatments and consequently of new and
often complex adverse events (e.g. irAEs) requires specialized
training and skills in order to timely diagnose, treat, and
monitor over time (20). Furthermore, as the needs of patients
change there are also opportunities to deliver care in a more
patient-centred and optimal way. Novel targeted therapies have
led to increased survival in some of the lung cancer population,
opening the discussions around survivorship care in this
population. To achieve appropriate delivery of often complex
care in lung cancer, three issues from the health care system
topics that ranked the highest are important to consider, including
a) nurse/allied health-led care, b) continuity of care rather than
fragmented care as we currently see in many places (11, 21) and c)
the role of the multidisciplinary team. Access to care continues to
be of concern, similarly to other nursing surveys (1). Some topics
in this category received low endorsement, such as non-medical
prescribing, which may not be necessarily related to lack of
research interest but rather with the perception that the topic
has been covered already and there is enough data on evidence or
delivery issues and further work may not be a priority at this stage.
Furthermore, treatment-related research was identified in this
sample of high priority, including immunotherapy and targeted
therapies. These therapies are changing the treatment field in lung
cancer and hence provide hope for many and the participants
recognized that more research in optimising these novel
treatments is necessary.

An interesting finding was the lowest priority attributed to all
the 15 statements about research in different types of
complementary and alternative medicine. This finding comes
in contrast to studies that demonstrate an uprising in the
numbers of patients with cancer (including lung cancer
patients) who choose to utilize CAM and CAM use is reported
in 42% of lung cancer patients (22). The frequent use of CAM
within the lung cancer context is notable and there is a need for
obtaining information on their use, particularly in controlled
clinical trials, to prospectively document it.

There is a strong case for more research in screening/early
detection for lung cancer (23). However, specifically for nursing, in
Frontiers in Oncology | www.frontiersin.org 639
a recent systematic review it was demonstrated that only a small
fraction of studies was attributed to this field of care across cancer
types (20). As most patients with lung cancer are diagnosed at a
late stage, where cure is not an option, the participants emphasized
that screening and early detection alongside with smoking
cessation to reduce risk is highly desirable. Screening/early
detection in at risk populations such as minorities and
underserved and uninsured populations in the wider cancer filed
were also the third and fifth highest priorities in the ONS 2013
survey too (1). Promising work in the field of early detection
highlights that such approaches may be linked with enhanced
clinical outcomes and potentially be cost-effective (24, 25).

Strengths of this survey include efforts to represent
international perspectives; adaptation of an existing established
survey as a base; intended breadth and inclusiveness of survey
items by including multiple facets of care; and unique focus on
lung cancer specifically. Limitations of this survey are similar to
any web-based surveys, including difficulty in establishing a
representative sample and difficulties with reach. While a
response rate for this survey was not established due to the
lack of separate categories available in email lists of large
international societies, response rates in similar surveys are
typically very small. Indeed the ONS 2013 survey (1) had a
response rate of 11%, similar to previous ONS surveys. While
every effort was made to encourage allied health professionals to
participate and several related societies were approached, either
there was no response from the societies or minimal response
from their members (who often do not work exclusively in
cancer care), leading to a very small number of allied health
professionals participating. Hence, there was lack of specificity in
“nursing” and “allied health professional” inclusion criteria and
the data from this survey reflect more the views and priorities of
nurses. In the future, more targeted sampling for allied health
professionals will be necessary. Finally, there was lack of
differentiation between individual survey items; this may have
led to some confusion or difficulty in the interpretation of the
items by the respondents, although the domain title for each of
these items, which was visible to respondents, provided some
context for them to consider before replying.
TABLE 4 | Differences and similarities in research priorities based on education and work setting.

Participants with BSc/Diploma N (%) Participants with MSc, DNP, PhD N (%)

Interventions to manage Pain (e.g., Chest pain, bone pain)
Interventions to manage Dyspnea/Shortness of breath
Pulmonary effects
Access to care
Interventions to improve quality of life

27 (87.1%)
25 (80.6%)
19 (79.2%)
19 (82.6%)
32 (80%)

Interventions to improve quality of life
Intervention to manage Dyspnea/Shortness of breath
Intervention to manage Pain (e.g., Chest pain, bone pain)
Assistance with management of symptoms interventions
Immunotherapy

94 (83.9%)
79 (79.8%)
74 (74.7%)
81 (73%)
64 (69.6%)

Participants from inpatient/
outpatient/ambulatory care

N (%) Participants from homecare/
hospice/palliative care

N (%) Participants from universities/
colleges

N (%)

Interventions to improve quality of life
Intervention to manage Dyspnea/
Shortness of breath
Intervention to manage pain
Immunotherapy
Assistance with management of
symptoms interventions

74 (82.2%)
63 (79.7%)

59 (74.7%)
52 (73.2%)
63 (70.8%)

Intervention to manage pain
Persistent and late effects (Pulmonary)
Psychological adjustment and coping
Assistance with management of
symptom interventions
Interventions to improve quality of life

14 (93.3%)
11 (91.7%)
10 (90.9%)
15 (88.2%)

14 (82.4%)

Continuity of care
Assistance with management of
symptoms interventions
Access to care
Self-management interventions to
improve symptom control
Interventions to improve quality of life

23 (76.7%)
23 (69.7%)

22 (73.3%)
26 (76.5%)

25 (73.5%)
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CONCLUSIONS

There is strong support from the data presented that future research
should focus on the development and evaluation of interventions to
improve quality of life and symptom management, particularly for
pain, dyspnea, and fatigue. Palliative care interventions also had
strong endorsement. Screening and early detection research should
be a priority. It was interesting to see that practice location and
highest degree obtained changed the research priorities, which
highlights the value of this study since research priorities are often
determined by doctors or PhD holders and not other allied-health
professionals who have substantial patient-care experience. Of equal
importance was what survey respondents did not think should be a
research priority, some of which have been the focus of substantial
research efforts such as technology to address symptoms and
counseling interventions. International societies and funding
bodies could consider these topics in their funding decisions and
in shaping their strategic directions in the care of patients with lung
cancer. These results can also be used as a guide for researchers when
thinking about developing research in lung cancer care in a patient-
centred research agenda.
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Objectives: To evaluate the efficacy of a brief tailored non-pharmacological intervention

comprising breathing retraining and psychosocial support for managing dyspnea in

cancer patients.

Design: Multicenter, single blinded, parallel group, randomized controlled trial.

Setting: Four major public hospitals, Brisbane, Australia.

Participants: One hundred and forty four cancer patients, including 81 who received

an 8-week tailored intervention and 63 who received standard care.

Inclusion Criteria: Diagnosis of small or non-small cell lung cancer, mesothelioma or

lung metastases; completed first line therapy for the disease; average dyspnea rating >2

on (0–10) rating scale in past week; anticipated life expectancy ≥3 months.

Outcomes: The primary outcome measure was change in “worst” dyspnea at 8 weeks

compared to baseline. Secondary outcomes were change in: dyspnea “at best” and

“on average”; distress; perceived control over dyspnea; functional status, psychological

distress; and use of non-pharmacological interventions to manage dyspnea at 8 weeks

relative to baseline.

Results: The mean age of participants was 67.9 (SD = 9.6) years. Compared to

the control group, the intervention group demonstrated a statistically significant: (i)

improvement in average dyspnea from T1(M= 4.5, SE= 0.22) to T3 (M= 3.6, SE= 0.24)

vs. (M= 3.8, SE= 0.24) to (M= 4.1, SE= 0.26); (ii) greater control over dyspnea from T1

(M = 5.7, SE = 0.28) to T3 (M = 7.5, SE = 0.31) vs. (M = 6.8, SE = 0.32) to (M = 6.6,

SE = 0.33); and (iii) greater reduction in anxiety from T1 (M = 5.4, SE = 0.43) to T3

(M = 4.5, SE = 0.45) vs. (M = 4.2, SE = 0.49) to (M = 4.6, SE = 0.50). This study

found no intervention effect for best and worst dyspnea, distress from breathlessness,

functional status, and depression over time.

Conclusions: This study demonstrates efficacy of tailored non-pharmacological

interventions in improving dyspnea on average, control over dyspnea, and anxiety for

cancer patients.
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INTRODUCTION

Dyspnea is a common and distressing symptom experienced
by many people with advanced cancer. Estimates of the
prevalence of dyspnea range from 29 to 74% in adults in
palliative care settings, increasing in the last weeks of life (1).
Compared to other cancer types, dyspnea is most common
and most severe in primary lung cancer patients, affecting
90% of this patient group (2). Causes of dyspnea in advanced
disease are complex and multifactorial, including obstructions
or restrictions directly related to lung or pleural involvement
or its treatments, factors indirectly related to the disease
such as infections, anemia, or respiratory muscle weakness

from cachexia, and from comorbid conditions that may be
unrelated to the primary presenting problem, such as underlying
chronic obstructive pulmonary disease or heart failure (3, 4).

Treatment for dyspnea in this population has been medically
focused and centered on addressing the underlying causes, with
radiotherapy, chemotherapy and pharmacological interventions,

and the drainage of effusions most commonly being used
to achieve some reduction in this symptom (5–7). However,
dyspnea is an especially complex symptom to assess and treat in
practice, as the threshold of perception varies widely, with the
severity of disease not always directly related to the intensity of
breathing discomfort (8).

Dyspnea is a subjective experience of breathing discomfort
that derives from interactions among multiple physiological,
social, and environmental factors, and can induce secondary
physiological and behavioral responses (8). For some patients,
dyspnea remains unrelieved despite the use of currently available
intervention strategies (6). The multidimensional nature of the
dyspnea experience suggests a range of non-pharmacological
methods used as adjuncts to medical management offers some
potential in reducing the impact of the symptom. Systematic
reviews have reported benefits of non-pharmacological
interventions for dyspnea management (9–12). The systematic
review conducted by Zhao and Yates examined the influence of
various intervention components, delivery methods, and clinical
contexts on outcomes of non-pharmacological interventions
for breathlessness management in participants with lung cancer
(10). On the basis of the five eligible studies included in this
review, it was concluded that participants with better functional
status may be more likely to benefit from the interventions,
and that multi-component strategies that are tailored to the
participants’ individual needs are likely to be more effective.

The primary hypothesis for this study was that, compared
to participants who receive standard education for managing
dyspnea, participants who receive a non-pharmacological
intervention for managing dyspnea delivered using

evidence-based psycho-educational strategies will report
greater improvement in “worst” dyspnea at 8 weeks. A secondary
aim of this study was to examine the relative effectiveness of
this intervention over time by comparing change in dyspnea
“at best” and “on average,” and change in distress caused by
dyspnea, as well as change in participant’s perceived control over
dyspnea, functional status and psychological distress, and use
of non-pharmacological interventions to manage dyspnea at
8 weeks.

METHODS

Trial Design and Participants
The study involved a multicenter, single blind, parallel group,
randomized controlled trial conducted in four major public
hospitals in Brisbane, Australia. This project was funded by
the National Health & Medical Research Council (NHMRC)
and registered with Australian New Zealand Clinical Trials
Registry (ACTRN12607000087459). Each site was granted ethical
approval from its local research ethics committee. Participants
who met the following criteria were invited to participate in
the study: (1) a diagnosis of small cell or non-small cell lung
cancer, mesothelioma or lung metastases; (2) completed first
line therapy for the disease; (3) an average dyspnea rating >2
on an 11 point (0–10) numeric rating scale in the past week;
and (4) an anticipated life expectancy of at least 3 months.
Participants who had cognitive impairment that would prevent
them from responding to a survey questionnaire or who had
a life expectancy of <3 months at the time of screening
were not eligible. Written informed consent was obtained from
participants and/or their careers.

Intervention
Participants allocated to the intervention group received a
face to face instructional session of about 60min, followed
by weekly phone calls for 3 weeks, to reinforce the strategies
(Figure 1). The intervention combined breathing re-training
with individualized psychosocial support and was delivered
using evidence-based psycho-educational strategies (Box 1).
The timing and application of the strategies in the multi-
component intervention were tailored to the individual, based
on the nurses’ assessment, although all components and delivery
strategies listed might be used with each participant. The
instruction was supplemented by a range of resources to
reinforce intervention delivery and promote self-management,
including audio recordings, printed fact sheets, an individualized
management plan, and a referral prompt sheet. While both
groups received education on principles for managing dyspnea,
the intervention group differed from the control group in
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FIGURE 1 | Study protocol.

that they also received additional supplementary materials
designed to reinforce learning, promote confidence and self-
management, and thus enhance intervention outcomes. In
addition, participants in both groups continued to receive
standard care and other usual supportive care measures,
including routine clinic visits, anti-cancer treatments, and other
supportive drug therapy or interventions.

Nurses with experience in working with lung cancer
patients were employed to deliver the interventions. The

nurses underwent an extensive training program to facilitate a
skilled and consistent approach to intervention delivery. The
training program included learning activities that aimed to
develop advanced knowledge and skills in dyspnea management,
supportive communication, and the use of the evidence-based
psycho-educational strategies. An intervention protocol was
developed to provide the nurse with a framework to tailor
intervention techniques to specific dyspnea needs of each
participant and to facilitate standardization of the intervention.

Frontiers in Oncology | www.frontiersin.org 3 December 2020 | Volume 10 | Article 59161044

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Yates et al. Non-pharmacological Intervention for Cancer-Related Dyspnea

BOX 1 | Components of the non-pharmacological intervention

for dyspnea.

Component Timing

Detailed assessment of

• dyspnea

• its meaning

• factors that ameliorate or

exacerbate it

• its impact

Week 1—Incorporated into face to face

session

Weeks 2, 3, 4—Incorporated into

telephone follow up

Delivering tailored information on

ways of managing dyspnea

Instruction incorporates a selection of

seven modules on the principles

managing dyspnea:

• Understanding and managing

factors contributing to dyspnea

• Improving breathing efficiency

• Reducing distress

• Relaxing

• Activity pacing

• Strategies for the caregiver

• Recognizing when to seek support

Week 1—Face to face session (app.

60min) delivered by trained nurse

Weeks 2, 3, 4—Reinforcement of

instruction through telephone follow up

sessions (∼15min)

Training in breathing control

techniques, progressive muscle

relation, and distraction

Week 1—Incorporated into face to face

session

Weeks 2, 3, 4—Incorporated into

telephone follow up

Goal setting to complement breathing

and relaxation exercise, to help

manage function and social activities

Development of an individualized plan

documenting:

• Triggers to breathlessness

• Specific strategies to be

implemented for reducing these

triggers, including development of

daily activity plans

Week 1—Incorporated into face to face

session

Weeks 2, 3, 4—Incorporated into

telephone follow up

Supporting the family caregiver

Involvement of family caregiver where

possible in training programs

Week 1—Incorporated into face to face

session

Weeks 2, 3, 4—Incorporated into

telephone follow up

Early recognition of problems

warranting medical intervention

• Prompt sheet for participant and

family caregiver to use record

referral points, and to facilitate

discussion with health care

professionals on dyspnea

Week 1—Incorporated into face to face

session

Weeks 2, 3, 4—Incorporated into

telephone follow up

Adapted from Corner et al. (13).

The quality of the intervention and compliance with study
protocols were monitored by investigators who reviewed tape
recordings of some sessions selected at random.

Outcomes
The primary outcome measure of this study was change in
“worst” dyspnea at 8 weeks in participants in the intervention
group compared to the standard care group. Secondary
endpoints were change in dyspnea “at best” and “on average,”
and change in distress caused by dyspnea, as well as change

in participant’s perceived control over dyspnea, functional
status, psychological distress, and use of non-pharmacological
interventions to manage dyspnea at 8 weeks from the
commencement of the intervention, in the intervention group
compared to the standard care group. In addition, relevant
clinical information was assessed at each time point to enable
comparison of intervention and control groups on key clinical
and treatment variables that might influence the effectiveness of
the intervention or the outcomes of interest to this study.

Perceptions of Dyspnea
Five 11-point (0–10) numeric rating scales (NRS) were used to
rate dyspnea at best, at worst and on average, distress caused
by dyspnea, and control over dyspnea. The NRS has good test-
retest reliability (14) and is recognized as an effective measure for
patients who are experiencing symptoms such as dyspnea, as it
is easily rated by patients who have varying degrees of physical
and psychological incapacity (15). One point change on an 11-
point numerical rating scale is accepted in recent methodological
papers as being a clinically important difference for chronic
refractory breathlessness (16).

Psychological Distress
Level of psychological distress was assessed using the Hospital
Anxiety and Depression Scale (17), which has been widely used
as a screening tool for anxiety and depression in cancer patients
and has been recommended to be routinely administered to
palliative care patients (17, 18). Higher scores indicate higher
levels of anxiety and depression. A clinically important difference
is indicated by a one-point change on the 11-point numerical
rating scale (19).

Functional Status
The ECOG Performance Rating scale is widely used to assess
how the disease affects the daily living abilities of the patient
(20). Scores range from 0 (fully active) to 4 (completely
disabled). Functional status was rated by the research nurse from
participant responses.

Use of Non-pharmacological Interventions
A scale to assess the extent to which participants used the various
component strategies was developed in our pilot study. A total
of 13 strategies were recommended based on the four modules
developed for the non-pharmacological intervention, which
could reflect strategies to improve breathing efficiency, reduce
distress, relaxation, and activity pacing. Content validity of the
items was determined by matching items to components of the
intervention, as well as the items included in the breathlessness
assessment guide developed in the UK (13). A count was
made of the number of recommended non-pharmacological
interventions utilized.

Sample Size
Sample size was calculated using the potential effect size and
standard deviation of the primary outcome measure (worst
breathlessness) informed by our pilot study (21). In order to
detect a 1.6-point mean difference in outcome between groups
with a standard deviation of 3.0, a two-sided 5% significance level
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and 90% power, we required a sample size of 71 participants per
group at T3 (8 weeks). Allowing 30% for attrition and 20% for
contingencies and potential confounding, the estimated sample
size was 214 (107 per arm).

Randomization
Randomization on a 1:1 basis was by a computer-generated table
of random numbers for each site prepared by an investigator with
no clinical involvement in the trial. After the research nurse had
obtained the participant’s consent, a contact independent of the
recruitment process at the Institute of Health and Biomedical
Innovation (IHBI) at Queensland University of Technology was
telephoned for allocation consignment. Participants allocated
to the intervention group were aware of the allocated arm,
however outcome assessors and data analysts were kept blind to
the allocation.

Statistical Methods
Descriptive statistics and frequency distributions were calculated
for participants’ demographic and clinical characteristics. The
hypotheses were tested using the pooled data from all sites and
analyses were done on an intention-to-treat basis. Outcomes
were assessed on a priori hypotheses, with each endpoint being
considered separately in the analysis. Change in continuous
outcome variables over time were examined using Linear
Mixed Models (LMMs) and time by group interaction effects.
Estimation of the effect of the intervention on breathlessness
ratings, anxiety, and depression was based on themean difference
between the intervention and standard care groups at T3
relative to T1. Functional status was coded as a dichotomous
variable, so the impact of the intervention on functional status
over time was assessed using Generalized Estimating Equations
(GEE) and binary logistic regression, assuming an independent
correlations matrix. Statistical analyses were performed using
SPSS version 18 (SPSS forWindows, Release 18.0; SPSS, Chicago,
IL). A 1.6-unit change in breathlessness ratings was considered
a clinically important difference. Statistical significance was
determined at the conventional level of 5% or less (two-tailed
hypothesis tests). Means or odds ratios and 95% confidence
intervals (CI) are presented, relevant to the data type. Selected
results from these analyses were previously reported in abstract
form (22).

RESULTS

From March 2008 through January 2011, a total of 144
participants were recruited at four hospitals and randomized
(Figure 2). The attrition rate at 8 weeks was 19% (27
participants); of these, 18 intervention and 9 control participants
were lost to follow up. The main reason for withdrawal was that
participants were too unwell or deceased. Those lost to follow up
did not differ significantly on baseline demographic or medical
information from those who remained in the study, except that
those lost to follow-up were more likely to have a primary cancer
diagnosis of “other” cancers with lung metastases.

Of the 144 participants, 81 were randomly assigned to the
intervention group and 63 to the control group. Overall, the

mean age was 67.9 (SD = 9.6) years and more than 60% of
the participants were male, married or de facto, and lived with
a spouse or partner (Table 1). The majority of participants had
non-small cell lung cancer as their primary diagnosis (62.6%)
and 42.4% of participants had distant metastases at study entry
(Table 2). Approximately half of all participants had COPD
and one quarter reported having five co-morbid conditions in
addition to the primary cancer (Table 2). The proportion of
participants who underwent radiotherapy and/or chemotherapy
was similar (17.9 and 17.1%, respectively). Baseline demographic,
clinical characteristics and medications of the groups are
presented in Tables 1, 2.

Changes in Dyspnea Severity Ratings
Between Groups Over Time
For the primary outcome of worst dyspnea, there was no
statistically significant difference in change over time between
the groups (p = 0.70) (Table 3). Relative to T1, the change in
worst dyspnea, indicated by the mean difference between the
intervention and control groups was −0.38 (95% CI: −1.30 to
0.53) at 8 weeks (Table 3, Figure 3).

Analysis of secondary outcomes revealed significant
differences between the groups in average dyspnea. Dyspnea on
average improved only for the intervention group (p = 0.018)
(Table 3, Figure 3). Similarly, for other dimensions of the
dyspnea experience, significant improvement in perceived
control over dyspnea at 8 weeks was observed for the
intervention group when compared to the control group
(p = 0.001) (Table 3). The intervention group perceived
increased control over dyspnea from T1 to T3, compared to
the control group that showed worsening control over dyspnea
from T1 to T3 (Figure 4). Analysis of the other secondary
outcomes did not reach statistical significance between the
groups over time. For dyspnea at best, the group by time
interaction effect was close to significance (p = 0.06) (Table 3).
In the intervention group, dyspnea at best improved from T1
to T3, but worsened in the control group over time (Figure 3).
Similarly, the group by time interaction effect in distress caused
by dyspnea was not significant (p = 0.07) (Table 3, Figure 4).
Relative to T1 and the control group, the greater improvement
in dyspnea-related distress in the intervention group at 8
weeks (mean difference = −1.40, 95% CI: −2.60 to −0.21) was
statistically significant.

Change in Anxiety and Depression
Between Groups Over Time
There was a significant change in anxiety between groups and
over time (p= 0.025). Anxiety level decreased in the intervention
group from T1 to T3, but increased in the control group
from T1 to T2 and T3 (Figure 5). Relative to T1 and the
control group, there was a greater and statistically significant
reduction in anxiety in the intervention group at 8 weeks (mean
difference = −1.3; 95% CI: −2.38 to −0.25) (Table 3). However,
there was no statistically significant difference in depression
between the groups over time (p= 0.20) (Table 3).
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FIGURE 2 | Participant screening and randomization.

Change in Functional Status Between
Groups Over Time
The two groups did not differ significantly in functional status
over time (p = 0.41). Relative to T1 and the control group,
there was no statistically significant change in functional status
in the intervention group at 8 weeks (OR: 0.87; CI [0.53–1.41])
(Table 3).

Change in Use of Non-pharmacological
Interventions Between Groups Over Time
For the number of non-pharmacological interventions used to
manage dyspnea, there was a significant difference between
groups and over time (p = 0.014). Relative to T1 and
the control group, the greater use of non-pharmacological
interventions by the intervention group at 8 weeks was

statistically significant (mean difference = 1.25; 95% CI: 0.82 to
1.68) (Table 3).

DISCUSSION

Previous studies of non-pharmacological interventions for
dyspnea associated with cancer have reported benefits from
intensive interventions involving several weeks of face-to-
face contact with specially trained health professionals. This
multicenter randomized controlled study evaluated a brief
tailored non-pharmacological intervention delivered by
nurses for managing dyspnea. While no significant effects
were demonstrated for the primary outcome “dyspnea at
worst,” our findings show that participants receiving the brief
self-management focused intervention supplemented by a
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TABLE 1 | Demographic information of study participants (n = 144).

All

(n = 144)

Intervention

group

(n = 81)

Control group

(n = 63)

Mean

(SD)

No.

(%)

Mean

(SD)

No.

(%)

Mean

(SD)

No.

(%)

Agea 67.9 (9.6) 67.7 (9.1) 68.1 (10.3)

Gender

Female

53 (36.8) 28 (34.6) 24 (38.1)

Male 91 (63.2) 53 (65.4) 39 (61.9)

Marital statusb

Single/divorced/

separated/widowed

42 (29.2) 23 (28.4) 19 (30.2)

Married/de facto 96 (66.7) 54 (66.7) 42 (66.7)

Living arrangementsc

Lives alone 31 (21.5) 16 (19.8) 15 (23.8)

With spouse/partner 93 (64.6) 53 (65.4) 40 (63.5)

With children or

other

13 (9.0) 7 (8.6) 6 (9.5)

Highest level of educationd

Did not

complete/completed

primary school

27 (18.8) 16 (21.6) 11 (17.5)

Completed year

10/certificate

56 (38.9) 29 (35.8) 27 (42.9)

Completed year 12 12 (8.3) 7 (8.6) 5 (7.9)

Vocational training 26 (18.1) 16 (19.8) 10 (15.9)

Tertiary qualification 11 (7.6) 6 (7.4) 5 (7.9)

an = 131.
bn = 138.
cn = 137.
dn = 132.

range of technology enhanced delivery strategies resulted in
improvements in dyspnea on average and perceived control
over dyspnea, and a reduction in anxiety at 8 weeks, compared
to participants receiving standard care. The intervention group
also demonstrated increased uptake of the recommended
non-pharmacological strategies to manage dyspnea, suggesting
the effectiveness of the intervention on reducing breathlessness.
On the 0–10 NRS, the levels of improvement in average dyspnea
and control over dyspnea at T3 in the intervention group
relative to T1 and the control group were more than 1 unit (1.15
and 1.92, respectively). This one point change on an 11-point
numerical rating scale is accepted in methodological papers as
being a clinically important difference for chronic refractory
breathlessness (16). Additionally, the reduction in anxiety level
at T3 in the intervention group relative to T1 and the control
group was 1.32, indicating clinical significance (19).

We had chosen dyspnea at worst as the primary outcome
for this study to be consistent with the initial study of
non-pharmacological interventions for breathlessness upon
which this intervention was based. While no significant
improvement was identified for this primary outcome, the
consistent improvements identified for other dyspnea severity
measures provide some confidence in the efficacy of this

TABLE 2 | Baseline medical information of study participants (n = 144).

All

(n = 144)

Intervention

(n = 81)

Control

(n = 63)

Primary cancer diagnosisa

Small cell lung cancer 19 (13.2) 11 (13.6) 8 (12.7)

Non-small cell lung cancer 87 (60.4) 47 (58.0) 40 (63.5)

Mesothelioma 13 (9.0) 7 (8.6) 6 (9.5)

Other 20 (13.9) 12 (14.8) 8 (12.7)

Extent of disease at study entryb

Localized 30 (20.8) 18 (22.2) 12 (19.0)

Locally advanced 27 (18.8) 16 (19.8) 11 (17.5)

Distant metastases 42 (29.2) 23 (28.4) 19 (30.2)

COPDc

Yes 69 (47.9) 40 (49.4) 29 (46.0)

No 70 (48.6) 38 (46.9) 32 (50.8)

Severity of COPDd

Mild 20 (29.0) 12 (30.0) 8 (27.6)

Moderate 14 (20.3) 8 (20.0) 6 (20.7)

Severe 21 (30.4) 13 (32.5) 8 (27.6)

Radiotherapy/chemotherapye

Nil 39 (27.1) 17 (21.0) 22 (34.9)

Radiotherapy 25 (17.4) 18 (22.2) 7 (11.1)

Chemotherapy 24 (16.7) 15 (18.5) 9 (14.3)

Both 52 (36.1) 28 (34.6) 24 (38.1)

Number of co-morbiditiesf

0 14 (9.7) 8 (9.9) 6 (9.5)

1 24 (16.7) 10 (12.3) 14 (22.2)

2 22 (15.3) 16 (19.8) 6 (9.5)

3 19 (13.2) 12 (14.8) 7 (11.1)

4 26 (18.1) 14 (17.3) 12 (19.0)

5 35 (24.3) 18 (22.2) 17 (27.0)

Medicationg

Bronchodilators/anti-spasms 46 (31.9) 24 (29.6) 22 (34.9)

Steroid 27 (18.8) 18 (22.2) 9 (14.3)

NSAIDS 18 (12.5) 10 (12.3) 8 (12.7)

Diuretic 10 (6.9) 5 (6.2) 5 (7.9)

Analgesics 74 (51.4) 41 (50.6) 33 (52.4)

Anti-hypertensive/cardiac drug 69 (47.9) 37 (45.7) 32 (50.8)

Anti-depression/anti-anxiety 55 (38.2) 33 (40.7) 22 (34.9)

Antibiotics 13 (9.0) 5 (6.2) 8 (12.7)

Oxygen 0 (0.0) 0 (0.0) 0 (0.0)

Other respiratory agents 4 (2.8) 2 (2.5) 2 (3.2)

Other drugs 117 (81.3) 66 (81.5) 51 (81.0)

an = 139.
bn = 99.
cn = 139.
dn = 55.
en = 140.
fn =140.
gn = 138.

All data presented in number (%).

intervention. Indeed, dyspnea on average, is an important
indicator of the overall rating of the symptom experienced by
the participants, as it takes all situations into consideration and
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TABLE 3 | Changes in outcome measures over time by intervention and control groups.

Intervention Control Group* time Intervention Control Effect size

Mean (SE) Mean (SE) P-value Mean difference

(SD)

relative to T1

Mean difference

(SD)

relative to T1

Mean difference

(SD)

relative to T1

and the control

group

Mean difference

between

groups/SD

95% CI

Dyspnea at worst T1 6.95 (0.26) 6.37 (0.29) 0.70

T2 6.04 (0.27) 5.70 (0.30) −0.91 (2.27) −0.67 (2.27) −0.23 (2.27) −0.11 [−0.97; 0.51]

T3 5.87 (0.28) 5.67 (0.31) −1.08 (2.27) −0.7 (2.28) −0.38 (2.28) −0.17 [−1.30; 0.53]

Dyspnea on average T1 4.54 (0.22) 3.84 (0.24) 0.018

T2 3.76 (0.23) 3.85 (0.25) −0.78 (1.93) 0.01 (1.89) −0.80 (1.91) −0.41 [−1.48; −0.12]

T3 3.61 (0.24) 4.06 (0.26) −0.93 (1.93) 0.22 (1.90) −1.15 (1.92) −0.60 [−1.98; −0.31]

Dyspnea at best T1 3.03 (0.22) 2.52 (0.25) 0.06

T2 2.44 (0.23) 2.64 (0.26) −0.59 (1.93) 0.12 (1.97) −0.71 (1.95) −0.36 [−1.41; −0.02]

T3 2.28 (0.24) 2.66 (0.27) −0.75 (1.93) 0.14 (1.98) −0.89 (1.95) −0.46 [−1.70; −0.08]

Distress caused by

dyspnea

T1 4.68 (0.33) 3.39 (0.38) 0.069

T2 3.44 (0.36) 2.90 (0.39) −1.24 (2.95) −0.49 (2.97) −0.75 (2.96) −0.25 [−1.83; 0.32]

T3 3.04 (0.37) 3.15 (0.40) −1.64 (2.93) −0.24 (2.97) −1.40 (2.95) −0.47 [−2.60; −0.21]

Control over dyspnea T1 5.72 (0.28) 6.77 (0.32) 0.001

T2 7.06 (0.30) 7.03 (0.33) 1.34 (2.48) 0.26 (2.51) 1.08 (2.49) 0.43 [0.17; 1.99]

T3 7.49 (0.31) 6.62 (0.33) 1.77 (2.48) −0.15 (2.48) 1.92 (2.48) 0.78 [0.93; 2.92]

Anxiety T1 5.39 (0.43) 4.16 (0.49) 0.025

T2 4.44 (0.44) 4.30 (0.49) −0.95 (3.73) 0.14 (3.78) −1.09 (3.76) −0.29 [−1.98; −0.21]

T3 4.51 (0.45) 4.60 (0.50) −0.88 (3.71) 0.44 (3.77) −1.32 (3.74) −0.35 [−2.38; −0.25]

Depression T1 5.56 (0.42) 5.39 (0.48) 0.202

T2 4.99 (0.44) 5.50 (0.49) −0.57 (3.69) 0.11 (3.74) −0.68 (3.71) −0.18 [−1.59; 0.23]

T3 4.85 (0.45) 5.77 (0.49) −0.71 (3.66) 0.38 (3.70) −1.09 (3.68) −0.30 [−2.34; 0.15]

Number of

interventions used

T1 7.37 (0.27) 7.10 (0.31) 0.014

T2 8.48 (0.29) 7.15 (0.32) 1.11 (1.81) 0.05 (1.82) 1.06 (1.81) 0.59 [0.74; 1.38]

T3 8.51 (0.30) 6.99 (0.32) 1.14 (2.39) −0.11 (2.40) 1.25 (2.40) 0.52 [0.82; 1.68]

ECOG* T1 1.23 (0.09) 1.26 (0.11) 0.537

T2 1.24 (0.10) 1.35 (0.11) 0.01 (0.81) 0.09 (0.85) −0.08 (0.83) 0

T3 1.31 (0.10) 1.42 (0.11) 0.08 (0.80) 0.16 (0.84) −0.08 (0.82) 0

*ECOG performance status (16), with higher scores indicating worse performance status.

asks the participants to do an overall assessment of dyspnea
experienced in the past seven days. As such, our findings
reflect important outcomes from the patient’s perspective. On
the other hand, dyspnea at best and worst is at the extremes
of a scale reflecting special and extreme events that only
happen rarely. The intervention also did not improve depression
compared to standard care. There are a number of predictors
for depression in lung cancer patients, including functional
impairment, physical symptom burden, and fatigue (23). This
brief intervention might not be sufficiently intense to impact
this complex symptom, and a more comprehensive approach
may be required. The two groups also remained very similar in
performance status (ECOG) through the study period. A focus
on other concurrent symptoms that impact on functional status,
such as fatigue, might be required to have a greater impact on
this outcome.

Our results contrast to those of Bredin et al. (24), on
which this study was based, who found significant improvement

for breathlessness at best, performance status, and levels of
depression at 8 weeks in the intervention group (24). There
are a number of possible explanations for these differences.
Firstly, in Bredin’s study, missing data due to the withdrawal of
participants from the study were imputed according to a method
suggested by Gould (25). This approach has been controversial
with the development of multiple imputations; and some studies
questioned the validity of the application of multiple imputations
(26, 27). Our study did not impute any missing data. We
selected LMM as this approach could fully accommodate all of
the data available for a subject even if some data were missing
(28). Secondly, in Bredin’s study, changes in outcome measures
between baseline and 8 weeks were calculated and analyzed.
This method of analysis assumed that all participants were
able to show a change in either direction on the rating scales,
as acknowledged by the authors. However, participants whose
baseline measurements were at the extremes of a scale would
only show change in one direction. From this perspective, LMM
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FIGURE 3 | Dyspnea NRS ratings at worst, best and on average over time (0 week, 4 weeks, 8 weeks).
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FIGURE 4 | Change in “control over dyspnea” & “dyspnea-related distress” over time (0 week, 4 weeks, 8 weeks).

is a preferred approach to analyze all three time points, so was
selected as the analysis model in our study.

A key focus of our brief intervention was promoting the
patient’s confidence in self-management of dyspnea. Our findings
that patients report a greater sense of control over dyspnea reflect
improvement in an important patient-centered outcome. The
increased uptake of non-pharmacological interventions reflects
the greater confidence in self-management of dyspnea in the
intervention group.

Strengths and Limitations
This multicenter, single blind randomized controlled trial was
conducted to evaluate the efficacy of a brief tailored non-
pharmacological intervention comprising breathing retraining
and psychosocial support for managing dyspnea in lung cancer
participants. The success of the nurse led interventions further
supports the inclusion of experienced nurses at all stages of care
to support participants and carers, as recommended in the most
updated National Institute for Health and Clinical Excellence
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FIGURE 5 | HADS scores over time (0 week, 4 weeks, 8 weeks).

(NICE) guidance (29). The study is novel in that it applies
best available evidence about methods for delivering psycho-
educational interventions for people with cancer to optimize
the delivery of non-pharmacological intervention strategies with
proven efficacy. The tailored instructions offered in the first
education session were reinforced by telephone calls, weekly
for 3 weeks. This reinforcement using flexible health service
delivery options is promising. The intervention requiredminimal
clinic time, with different forms of support materials (e.g.,
booklets, electronic recordings) for participants to use at their

own pace and individual situations rather than in a more
structured or formal way. The intervention evaluated in this
study can be readily incorporated into routine clinical practice to
manage the symptom and practitioners could use these guidelines
for targeting intervention strategies more appropriately to
participants’ clinical status and personal goals.

Despite the strengths of this study, the results might not
generalize to a wider population. As the participants were
recruited from major hospitals in a metropolitan area and
the majority of the participants lived in the metropolitan or
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surrounding areas, their characteristics might be different from
those in rural and remote areas. The supplementary take-home
materials and telephone follow metropolitan communities.

This is one of the largest randomized controlled trials of
non-pharmacological interventions for dyspnea. Despite this,
we recorded an imbalance in the number of participants in
intervention and control groups most likely due to the use of
simple 1:1 randomization at each study site, rather than blocked
randomization. The minimum sample size of 71 in each group
was not achieved in the control group due to difficulties with
recruitment, despite an extended study timeframe. This resulted
in slightly <90% power in the analyses. We also did not observe
significant differences between groups for the primary outcome,
dyspnea at worst. Our targeted sample size was calculated
based on change in “worst” dyspnea between groups at week
4 (mean = 1.63, SD = 3.0) in the pilot study (21), which was
greater than the mean difference achieved in this trial. The
small number of participants in the pilot study (n = 30) could
have contributed to the larger variation by chance in that study.
Despite these statistical limitations, the significant improvements
observed across several secondary outcome measures provide
some confidence that the intervention has great potential for
improving dyspnea management for patients with cancer.

Potential bias should be acknowledged. For example, drop-
out bias could have occurred as the attrition rate at 8 weeks
was 19%. The main reason for withdrawal was that participants
were too unwell or were deceased. However, comparison between
the drop-outs and those who remained in the study showed
no statistical difference on baseline demographic or medical
information, except that those lost to follow-up were more likely
to have a primary cancer diagnosis of “other” cancers with lung
metastases. Time-related bias should also be considered due to
the extended recruitment from March 2008 through January
2011. Despite the time since study completion, the applicability
of these findings to contemporary practice remains, given
that dyspnea continues to be a significant problem for cancer
patients and that no significant advances in non-pharmacological
interventions have occurred since this time.

CONCLUSION

This multicenter randomized controlled study to evaluate
brief tailored non-pharmacological interventions delivered

by nurses for managing dyspnea confirm that participants

receiving such interventions showed improvement in dyspnea
on average, greater control over dyspnea, and a reduction in
anxiety over time. The intervention evaluated in this study
builds on recent evidence about the importance of tailoring
interventions to patient’s needs and concerns and demonstrates
the value of such approaches in promoting self-management
of dyspnea.
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University of Liverpool and Clatterbridge Cancer Centre NHS Foundation Trust, Wirral, United Kingdom

Background and Purpose: Dyspnea is an important symptomatic endpoint for
assessment of radiation-induced lung injury (RILI) following radical radiotherapy in
locally advanced disease, which remains the mainstay of treatment at the time of
significant advances in therapy including combination treatments with immunotherapy
and chemotherapy and the use of local ablative radiotherapy techniques. We investigated
the relationship between dose-volume parameters and subjective changes in dyspnea as
a measure of RILI and the relationship to spirometry.

Material and Methods: Eighty patients receiving radical radiotherapy for non-small cell
lung cancer were prospectively assessed for dyspnea using two patient-completed tools:
EORTC QLQ-LC13 dyspnea quality of life assessment and dyspnea visual analogue scale
(VAS). Global quality of life, spirometry and radiation pneumonitis grade were also
assessed. Comparisons were made with lung dose-volume parameters.

Results: The median survival of the cohort was 26 months. In the evaluable group of 59
patients there were positive correlations between lung dose-volume parameters and a
change in dyspnea quality of life scale at 3 months (V30 p=0.017; V40 p=0.026; V50
p=0.049; mean lung dose p=0.05), and a change in dyspnea VAS at 6 months (V30
p=0.05; V40 p=0.026; V50 p=0.028) after radiotherapy. Lung dose-volume parameters
predicted a 10% increase in dyspnea quality of life score at 3 months (V40; p=0.041, V50;
p=0.037) and dyspnea VAS score at 6 months (V40; p=0.027) post-treatment.

Conclusions:Worsening of dyspnea is an important symptom of RILI. We demonstrate a
relationship between lung dose-volume parameters and a 10% worsening of subjective
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dyspnea scores. Our findings support the use of subjective dyspnea tools in future studies
on radiation-induced lung toxicity, particularly at doses below conventional lung radiation
tolerance limits.
Keywords: non-small cell lung cancer, radiotherapy, dyspnea, dose-volume parameters, radiation-induced
lung injury
INTRODUCTION

Radical radiotherapy (RT), with or without chemotherapy has an
established role as an alternative to surgery in medically
inoperable, localized and locally advanced non-small cell lung
cancer (NSCLC) (1, 2). In particular, chemoradiation represents
the standard of care for locally advanced disease (3–5). The
disappointing survival rates following radical conventionally
fractionated RT have been the impetus behind application of
advanced RT techniques with the aim of increasing radiation
dose intensity without additional toxicity (6–9).

Radiation-induced lung injury (RILI) remains a significant
limiting factor to dose escalation. Knowledge of the effect of
radiation on lung is imperative for optimization and comparison
of the relative merits of different RT plans. The risk of radiation
pneumonitis (RP), an interstitial pulmonary inflammatory
process usually developing within 6 months of RT, is the
predominant endpoint used to quantify RILI, forming the basis
of recommended RT dose-volume constraints obtained by lung
dose volume histogram (DVH) in conventional RT (10).
However, the grading of RP is challenging as the most
frequently used scoring systems, including the Common
Terminology Criteria for Adverse Events (CTCAE) and the
Radiation Therapy Oncology Group (RTOG) system, have a
small number of broad categories combining symptomatic,
functional, and radiological criteria in addition to indication of
medical intervention. In addition, the incidence of clinically
significant RP is low and therefore, it is not discriminatory at
doses below conventional tolerance defined by incidence of RP.

Arguably, the most clinically relevant endpoint for patients is the
worsening of symptoms, particularly dyspnea. A more
discriminating measure of the effect of radiation on dyspnea may
be useful for weighing up the potential risks and benefits of a RT
plan at doses below conventional tolerance defined by the incidence
of RP. We carried out an explorative, prospective assessment of
dyspnea based on the hypothesis that RILI below conventional
tolerance may be detected and quantifiable where dyspnea
assessment may offer a more discriminatory and objective measure.
MATERIALS AND METHODS

Patient Population
Between February 2003 and January 2011, patients were invited
to participate in a prospective observational study following
approval by the institution’s Committee for Clinical Research
and Local Research Ethics Committee. The trial was conducted
256
in accordance with European Union guidelines for Good Clinical
Practice and signed informed consent was obtained from
participants. All patients scheduled to receive radical RT to a
dose of 64 Gray (Gy) in 32 daily fractions were eligible for study
entry if they fulfilled the following criteria: histological or
radiological diagnosis of localized medically inoperable or
unresectable locally advanced NSCLC (AJCC 6th edition stages
I-III, excluding T4 lesions associated with pleural effusion),
baseline forced expiratory volume in 1 s (FEV1) greater than
40% of predicted normal value and World Health Organization
(WHO) performance status 0-2.

Radiotherapy Planning and Delivery
A planning helical computed tomography (CT) scan of the
thorax was acquired with the patient positioned on a chest
board either in free breathing or breath-hold using the active
breathing control (ABC) device with 2.5–3 mm slice thickness
(11, 12). RT planning was performed using the Pinnacle3

planning software (Philips Medical Systems Madison, WI). The
extent of the gross tumor volume (GTV) was defined using CT
lung windows (Width=1600, Length=-300) with reference to
diagnostic imaging. The clinical target volume (CTV) was
considered the same as the GTV. In patients treated in free
breathing, a margin of 1.5 cm was added cranio-caudally with
axially 1 cm for central disease and 1.5 cm for peripheral disease
added to the CTV to create the planning target volume (PTV). In
patients treated with ABC, an isotropic margin of 1 cm was
added from CTV to PTV. Conformal plans were created to
ensure adequate coverage of the PTV in accordance with
International Commission on Radiation Units (IRCU) 50 and
62 recommendations, whilst maintaining the constraints for
organs at risk. Treatment was delivered in a single phase to a
dose of 64 Gy in 32 daily fractions prescribed to the 100%
isocenter using a linear accelerator (Elekta, Crawley, UK).

Radiotherapy Lung DVH Parameters
Both lungs were considered together as a single paired organ and
contoured on the planning scan using CT lung windows. Care
was taken to ensure inclusion of the whole lung tissue from
apices to bases including regions of collapse or consolidation.
The extent of the GTV/CTV, trachea and proximal bronchial
tree were excluded from the volume. The total mean lung dose
(MLD) was recorded for each patient in addition to the
percentage of the total lung volume at threshold doses of
radiation in Gy (Vdose) ranging from 20 Gy to 60 Gy in 10 Gy
increments (V20, V30, V40, V50, V60). All plans met the dose
constraints of a V20 ≤30% and a MLD of ≤18 Gy.
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Pre-Treatment and Follow-Up
Assessments and Dyspnea Scales
Dyspnea, pneumonitis, spirometry and quality of life (QoL) were
prospectively assessed at baseline prior to treatment, at 3, 6, 9,
and 12 months after completion of RT and then 6 monthly until
disease progression or death. Patients were imaged with chest
radiograph or CT scan at follow-up time-points. At baseline
patients were asked to complete the Adult Comorbidity
Evaluation 27 questionnaire (ACE-27) (13). At each scheduled
study appointment patients were assessed clinically and the
physician-scored pneumonitis grade (CTCAE) was recorded
(14). Patients were asked to complete the European
Organisation for Research and Treatment of Cancer (EORTC)
QoL questionnaire including the lung module (QLQ-LC13) (15,
16). Dyspnea was assessed using the breathlessness section of
QLQ-LC13 and from patients’ marking the dyspnea visual
analogue scale (VAS), a 100 mm long vertical line, to indicate
their degree of breathlessness (17). Each VAS was separately
recorded without reference to previous reading. Pulmonary
function tests (PFT) consisted in FEV1 and forced vital
capacity (FVC) measured using an Alpha III spirometer
(Vitalograph, Lenexa, KS) and were recorded as the percentage
of the predicted value. Ventilation parameters were chosen for
correlative analysis because strictly representative for respiratory
function and capacity, unlike perfusion parameters possibly
affected by confounding factors, such as cardiac and/or
hematological comorbidities.

Statistical Analysis
A sample size of at least 30 lung cancer patients was arbitrary
defined, since this was an explorative, prospective study and no
similar study designs to compare with for accrual evaluation have
ever been reported in literature. Statistical analysis will eventually
be descriptive for future findings and data integration.

Survival analysis from the start of radiation treatment was
performed using the Kaplan-Meier method. As the primary
objective was to assess changes in dyspnea and other measures
of lung function due to radiation, patients with progressive
disease were censored for dyspnea assessment at the time of
disease progression. Median follow-up, progression free survival
(PFS) and overall survival (OS) were calculated with 95%
confidence intervals (CI).

Data were taken from the 3 QoL questions related to
breathlessness (Table 1) and the calculated dyspnea QoL score
was normalized to a 100 point scale (16). The dyspnea VAS was
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assessed and attributed a score from 0 to 10 to the nearest
millimeter. The global QoL score was calculated from 0 to 100.
The pneumonitis grade and the percentage of predicted normal
values for FEV1 and FVC were documented.

Changes in dyspnea QoL, dyspnea VAS, global QoL, FEV1,
and FVC from the baseline pre-RT measurement were detected
for individual patients at each post-irradiation time-point. A
positive change indicated a worsening of dyspnea QoL, dyspnea
VAS and global QoL and an improvement in FEV1 and FVC.
Comparisons between the mean changes and the corresponding
baseline values for the cohort were performed with 95% CI at
each post-RT time-point and correlations with lung DVH
parameters at 3, 6, and 12 months post-RT were assessed using
rank correlation coefficients. The association between the rate of
≥ grade 2 RP at 3 months after RT and lung DVH parameters
was calculated using a rank correlation coefficient. The rate of RP
at other time-points was considered too much low for further
correlation assessments.

Where a significant correlation at the 5% level was observed
between lung DVH parameters and changes from baseline post-
RT, the Mann Whitney test was performed to test for correlation
of lung DVH parameters with a clinically relevant worsening of
dyspnea or pulmonary function. For the purposes of statistical
analysis, a clinically relevant worsening was defined as follows:
10% increase in dyspnea QoL compared to baseline, 10%
increase in dyspnea VAS compared to baseline, and 10%
decrease in FEV1 or FVC compared to baseline. Exploratory
receiver operator curve (ROC) analyses were also carried out to
assess for an optimal cut-off to predict worsening of dyspnea or
pulmonary function following treatment.
RESULTS

Patient Population, Follow-Up and Disease
Outcome
Eighty consecutive patients during the study period fitted the
selection criteria and accepted to participate to the study. Among
these, 21 patients were excluded from further analysis: five had
missing pre-RT dyspnea assessment, one did not complete RT
due to pulmonary embolism, eight had missing 3-month post-
RT dyspnea assessment and seven developed disease progression
prior to 3-month post-RT assessment. Data from the remaining
59 patients were analyzed for the study purpose. The
characteristics of the population in study are summarized in
Table 2. In particular, 34 (57.6%) patients suffered from cardiac
and/or hematological comorbidities, and 54 (91.5%) of them
reported smoke habit.

With a median follow-up of 20 months (range 0 to 78), the
median progression free survival was 16 months (95% CI: 10–23)
and the median overall survival was 26 months (95% CI: 14–38)
(Figure 1).

Baseline Measurements and Compliance
The mean baseline dyspnea QoL, dyspnea VAS, global QoL, FEV1
and FVC and lung dose-volume data for the cohort are summarized
TABLE 1 | EORTC QLQ-LC13 dyspnea QoL assessment.

During the past week: Not at
All

A
Little

Quite a
Bit

Very
Much

Were you short of breath when you
rested?

1 2 3 4

Were you short of breath when you
walked?

1 2 3 4

Were you short of breath when you
climbed stairs?

1 2 3 4
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in Table 3. All 59 patients had clinical assessments at baseline and
3 months post-RT. Taking withdrawal of patients from further
follow-up due to disease progression and death into account, 2/48
(4%), 16/39 (41%), 1/35 (3%) had missing follow-up assessments at
6, 9, and 12 months, respectively, with no missing assessments but
few surviving patients at 18 months post-RT excluded from further
Frontiers in Oncology | www.frontiersin.org 458
analysis, data attributable to the prognosis of the percentage of
patients with IIIA and IIIB disease stage.

Change in Dyspnea Quality of Life,
Dyspnea VAS, Global Quality of Life, FEV 1
and FVC from Baseline, and Rate of
Radiation Pneumonitis
The mean dyspnea QoL score of the cohort increased by 4 (95%
CI: -2–10) at 3 months after irradiation. Twenty-nine patients
(49%) had worse dyspnea QoL with a mean increase in score of
22 (95% CI: 17–27); 20 patients (34%) had improved dyspnea
QoL with a mean decrease in score of 20 (95% CI: 15–26) and 10
patients (17%) had no change in QoL score. The mean change
from baseline at follow-up time-points is displayed in Table 4.
Changes in dyspnea QoL from baseline at different time-points
by classifying patients as those who initially improved, remained
stable, or worsened between baseline and 3 months post-RT are
displayed in Figure 2. The mean change in dyspnea VAS, global
QoL, FEV1, and FVC from baseline at the follow up time-points
is reported in Table 4. At 3 months post-RT eight (14%), two
A B

FIGURE 1 | (A) PFS and (B) OS in a cohort of 80 patients treated with radical RT.
TABLE 3 | Baseline assessment and normal lung DVH data.

Measurement Mean 95% CI

Dyspnea QoL (n=59) 26 21–31
Dyspnea VAS (n=59) 2.2 1.5–2.8
Global QoL (n=58) 67 63–72
FEV1% of predicted (n=56) 69 64–74
FVC % of predicted (n=55) 86 80–91
MLD (Gy) (n=59) 12 11–13
V20 (%) (n=59) 23 20–26
V30 (%) (n=59) 18 15–21
V40 (%) (n=59) 13 11–16
V50 (%) (n=59) 9 7–12
V60 (%) (n=59) 6 4–9
December 2
020 | Volume 10 | Article
QoL, quality of life; VAS, visual analogue scale; FEV1, forced expiratory volume in 1 s; FVC,
forced vital capacity; MLD, mean lung dose; Vdose, percentage of the total lung volume at
threshold doses of radiation in Gy.
TABLE 2 | Patient and disease characteristics.

Patient characteristics N = 59 % Mean (SD)

Gender
Male 35 59
Female 24 41
Age in years 69 (10)
Performance status (WHO)
0 19 32
1 38 64
2 2 4
Co-morbidity score
0 13 22
1 15 26
2 17 29
3 12 20
Missing 2 3
Smoking status
Current 54 92
Never smoker or ex-smoker 5 8
Disease characteristics
Histological diagnosis
Squamous cell carcinoma 24 41
Adenocarcinoma 14 24
Other 5 8
Missing 16 27
Disease stage (AJCC 6th ed)
I 14 24
II 7 12
IIIA 19 32
IIIB 18 30
Neoadjuvant chemotherapy 24 41
Prior lobectomy 3 5
WHO, World Health Organization; AJCC, American Joint Committee on Cancer.
594590

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Sardaro et al. Dyspnea Scoring in Lung Cancer Radiotherapy
(3%), and two (3%) patients had grade 1, grade 2, and grade 3 RP,
respectively. At 6 months after the treatment, three (7%), one
(3%), and one (3%) patients had grade 1, grade 2, and grade 3
RP, respectively.

Relationship Between Lung DVH and
Measures of Lung Function
Table 5 shows the relationship between dyspnea and lung
function measures including dyspnea QoL, dyspnea VAS, FEV1,
FVC, and incidence of RP. Change in dyspnea QoL score at 3
months correlated with the lung V30, V40, V50, andMLD (p=0.017,
p=0.026, p=0.049, and p=0.05, respectively). There was no
significant correlation between lung DVH parameters and
change in dyspnea VAS, global QoL, FEV1, FVC, and rate of ≥
grade 2 RP at 3 months. Change in dyspnea VAS score at 6
months correlated with the lung V30, V40, and V50 (p=0.05,
p=0.026 and p=0.028, respectively). No significant correlation
between lung DVH parameters and change in dyspnea QoL,
global QoL, FEV1 or FVC was demonstrated at 6 months. At 12
months there was a significant negative correlation between the
change in FVC and the lung V40 and V60 (p=0.043 and p=0.046,
respectively) and between the change in FEV1 and lung V40, V50,
and V60 (p=0.016, p=0.011, and p=0.005, respectively).
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ROC Analysis for Lung Damage Post-
Radiotherapy
Lung damage defined by a 10% increase in dyspnea QoL score at
3 months correlated with the lung V40 and V50 with an area
under the curve (AUC) of 0.66 (p=0.041) and 0.66 (p=0.037),
respectively (Figure 3). Lung damage defined by a 10% increase
in dyspnea VAS score at 6 months correlated to the lung V40 with
an AUC of 0.69 (p=0.027) (Figure 3). A cut off of 11% for the V40

was associated with a sensitivity of 76% and a specificity of 53%
for predicting worsening of dyspnea by a 10% increase in
dyspnea QoL score at 3 months, and a sensitivity of 83% and a
specificity of 61% by a 10% increase in dyspnea VAS score at 6
months post-RT. ROC analysis demonstrated that no DVH
parameter significantly predicted clinically relevant lung
damage defined by a 10% decrease in FVC or FEV1 (% of
predicted) at 12 months post-RT compared to baseline.
DISCUSSION

Worsening of dyspnea is a characteristic feature of clinically
relevant RILI (18). Our study aimed to prospectively evaluate
TABLE 4 | Mean change from baseline of dyspnea QoL, dyspnea VAS, global QoL, and percentage of predicted FEV1 and FVC at time-points post-RT with 95% CI in
parentheses.

Time post-RT (months) Mean change in % dyspnea scores (range)

3 6 9 12 18

Dyspnea QoL score 4 (-2 to 10) 7 (0 to15) 2 (-4 to 8) 11 (3 to 20) 15 (5 to 26)
Dyspnea VAS score 1.0 (0.2 to 1.8) 1.7 (0.8 to 2.7) 1.3 (0.3 to 2.3) 1.7 (0.5 to 2.8) 2.1 (0.8 to 3.5)
Global QoL score 1 (-5 to 7) -6 (-14 to 3) -10 (-21 to 2) -8 (-16 to 0) -5 (-16 to 6)
% of predicted FEV1 2 (-1 to 4) 1 (-3 to 6) 2 (-5 to 8) 0 (-5 to 6) 2 (-4 to 8)
% of predicted FVC 2 (-3 to 8) -2 (-6 to 2) 3 (-7 to 12) -1 (-7 to 6) 2 (-6 to 9)
De
cember 2020 | Volume 10 |
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FIGURE 2 | Change in dyspnea QoL from baseline at different time-points by classifying patients as those who (A) initially improved (QoL score decreased: 20/59;
34%), (B) remained stable (10/59; 17%), or (C) initially worsened (QoL score increased: 29/59; 49%) between baseline and 3 months post-RT.
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subjective dyspnea changes following radical RT for NSCLC as a
measure of potential lung toxicity when treating to disease below
radiation tolerance of the lung.

The study demonstrated a significant correlation between
lung DVH parameters and change in dyspnea post-RT using two
different patient-completed dyspnea tools. Three months post-
RT, a change in dyspnea QoL score significantly correlated with
lung DVH parameters (V30 p=0.017; V40 p=0.026; V50 p=0.049;
MLD p=0.05). Six months post-RT, a change in dyspnea VAS
score significantly correlated with lung DVH parameters (V30

p=0.05; V40 p=0.026; V50 p=0.028). Lung DVH parameters were
significantly predictive for a 10% increase in dyspnea QoL score 3
months post-RT (V40; p=0.041, V50; p=0.037) and dyspnea VAS
score 6 months after the treatment (V40; p=0.027), respectively.

The observed rate of ≥ grade 2 RP at 3 and 6 months post-RT
was low (6%) with no correlation observed between rate of ≥ grade
Frontiers in Oncology | www.frontiersin.org 660
2 RP and lung DVH parameters. This low rate of RP is to be
expected given that the lung dose-volume constraints were met for
all RT plans. Despite a significant negative correlation at 12months
between any change in the percentage of predicted FVC and lung
V40 and V60, respectively, and between any change in percentage of
predicted FEV1 and lung V40, V50, and V60, respectively, no lung
DVH parameters were significant predictors of a clinically relevant
worsening of FVC or FEV1, defined in this study by a 10%
reduction in percentage of predicted values.

Dyspnea in patients with NSCLC is multi-factorial and is
affected by respiratory and cardiac comorbidity (18, 19). While
dyspnea is the predominant symptom in classical RP, the clinical
diagnosis of RP is challenging due to confounding cardio-
respiratory conditions affecting the lung cancer patient
population (20). In addition, baseline respiratory function/
dyspnea can be an additional risk factor for RILI (21).
TABLE 5 | Rank correlation between normal lung DVH parameters and lung function.

DVH Parameter
Correlations

Change in Dyspnea
QoL

Change in Dyspnea
VAS

Change in Global
QoL

Change in FVCas % of
predicted

Change in FEV1as %
of predicted

Rate of ≥ grade 2 RP

3m 6m 12m 3m 6m 12m 3m 6m 12m 3m 6m 12m 3m 6m 12m 3m

N 59 44 30 59 45 33 57 44 32 52 38 29 52 39 29 4
V20 Co 0.22 0.15 0.00 0.18 0.18 0.17 -0.12 -0.06 0.27 -0.09 -0.23 -0.24 -0.05 -0.15 -0.15 0.45

Sig 0.088 0.340 0.995 0.180 0.247 0.335 0.378 0.688 0.139 0.540 0.169 0.205 0.745 0.373 0.432 0.553
V30 Co 0.31 0.27 0.19 0.21 0.29 0.22 -0.20 -0.15 -0.03 -0.06 -0.23 -0.31 -0.08 -0.19 -0.29 0.89

Sig 0.017 0.074 0.327 0.107 0.050 0.220 0.145 0.336 0.879 0.659 0.172 0.097 0.585 0.247 0.129 0.106
V40 Co 0.29 0.20 0.18 0.17 0.33 0.31 -0.17 -0.12 -0.05 0.00 -0.13 -0.38 -0.85 -0.17 -0.45 0.89

Sig 0.026 0.184 0.351 0.207 0.026 0.080 0.194 0.438 0.798 0.979 0.442 0.043 0.549 0.309 0.016 0.106
V50 Co 0.26 0.232 0.12 0.13 0.33 0.22 -0.17 -0.10 0.05 0.06 -0.14 -0.35 -0.05 -0.22 -0.47 0.45

Sig 0.049 0.13 0.539 0.335 0.028 0.229 0.217 0.530 0.807 0.669 0.400 0.062 0.728 0.185 0.011 0.553
V60 Co 0.13 0.15 -0.02 0.11 0.28 0.17 -0.08 0.02 0.14 0.13 -0.08 -0.37 -0.04 -0.27 -0.50 0.00

Sig 0.327 0.333 0.915 0.402 0.060 0.348 0.549 0.879 0.452 0.346 0.625 0.046 0.799 0.099 0.005 1.000
MLD Co 0.26 0.06 -0.22 0.05 0.11 -0.03 -0.14 -0.01 0.16 -0.14 -0.20 -0.34 -0.22 -0.09 -0.23 0.45

Sig 0.050 0.688 0.240 0.717 0.476 0.858 0.285 0.939 0.396 0.342 0.234 0.069 0.123 0.590 0.222 0.553
December 2020 | Volu
m, months; N, number of patients; Co, correlation coefficient; Sig, 2-tailed significance.
Significant correlations shown in bold.
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FIGURE 3 | Receiver Operator Curve (A) for 10-point change in dyspnea QoL between baseline and 3 months post-RT (B) for 1-point change in dyspnea VAS
between baseline and 6 months post-RT.
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Dyspnea is a subjective symptom not easily validated with
objective tests. Nevertheless, it is of primary importance to the
patient and in the absence of RP may provide a more sensitive
measure of small changes to lung function and arguably a more
appropriate measure for monitoring the patterns and severity of
dyspnea over time. This study explored the relationship between
lung dose-volume information and patient-recorded changes in
dyspnea following irradiation. Measurement of relative dyspnea
compared to baseline pre-RT values was performed to account
for comorbidities as a confounding factor. However, given the
complexity of dyspnea as a symptom, two tools were used to
permit both a unidimensional dyspnea assessment with the VAS
(17) and a lung cancer specific dyspnea assessment tool derived
from the EORTC QOL questionnaire (15, 16). Such an approach
to assessment of dyspnea had been suggested in a systematic
review of the available tools (22) and a 10% change from baseline
values is a reasonable measure of a clinically meaningful change
(23). The dyspnea scales used in this study were demonstrated as
a valid and reliable tool in a range of cancer patient populations,
including lung cancer patients, and confirmed to reflect the
common symptoms and treatment-related toxicities underlying
radio(chemo)therapy (24). Another limitation of the study is the
multiple testing in a small number of patients and the associated
increased potential for Type I error in the results. Therefore, our
results require validation in a larger cohort of patients.

Advances in planning software and delivery techniques
permitted increasing flexibility when adjusting RT plans to spare
normal tissue while maintaining target coverage. Distilling lung 3-
dimensional dose-volume distribution data down to a threshold
metric for risk of RILI produce a range of thresholds for various
metrics in the RP literature (25–38). This is likely to be due to the
gradual increase in lung damage with radiation dose (18). However,
recommended thresholds for MLD and lung V20 with conventional
fractionation remain widely used as normal tissue dose-constraints
and are considered useful to aid assessment and optimization of
different RT plans (10, 39). In this series, we recorded MLD 11% to
13%Gy and V20 20% to 26%, in line with the accepted thresholds to
minimize the risk of RILI (40). While the relatively small numbers
in this study limited the statistical power of the results, ROC curve
analyses suggested that the percentage volume of lung receiving 40
Gy (V40) may be predictive for an increase in subjective dyspnea
following conventionally fractionated RT. A lung V40 threshold of
11% may be a useful additional constraint and warrants validation
in a larger cohort of patients.

We report the first radiotherapy study to describe the
relationship between lung DVH parameters and self-assessed
dyspnea scores. There have been studies of physician scored
dyspnea which is recognized to suffer from investigator bias.
Lung DVH parameters have shown no correlation with a change
in physician-scored dyspnea score in stage I NSCLC patients
receiving stereotactic RT (41). The evolution of dyspnea
following radical RT for stage I-III NSCLC has also been
studied in 197 patients using the physician-scored CTCAE
classification (dyspnea grades 0–4) with worsening dyspnea in
17% to 27% of patients. The investigators highlighted the need
for assessing dyspnea at more than one time-point post-RT (42).
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To date, radiobiological parameters, rather than subjective
dyspnea tools, have gained increasing interest in preventing RILI
for thoracic irradiation. Recent publications argue in favor of
NTCP model as a possible way to optimize treatment plans
according to the probability of RP (18), and a multinomial NTCP
has been proposed as possibly predictive for dyspnea grade with
high accuracy (43). The need for intensification of local
treatment to achieve better local control and improve survival
rates for NSCLC without additional toxicity has also given rise to
several, promising, dose escalation studies in United Kingdom,
based on prespecified and mean lung dose constraints to increase
tumor control probability without worsening normal tissue
complication probability (NTCP) (44–49).

Radiotherapy dose-independent clinical factors impact on the
risk of RILI (18, 50) and include age and comorbidity (50),
smoking status (51), tumor location (52), systemic therapy (53,
54) and target therapies (18). The risk of RILI can also be affected
by dose-dependent factors related to the irradiation of the heart
rather than lung (55). Development of multi-factorial models
including clinical and dosimetric factors for prediction of risk of
RILI is important. Such a model was developed using a physician
assessed dyspnea score (CTCAE version 3.0 (14)) as the endpoint
(56). Addition of clinical factors to dosimetric factors improved
the performance of the model in predicting for severe dyspnea
post-RT. The use of patient-scored dyspnea assessments may
further improve the performance of such models. However, these
are only appropriate at doses close to or beyond conventional
accepted tolerance limits and do not provide information on the
effect of radiation at doses below tolerance limits.

In conclusion, dyspnea is a prominent symptom of RILI,
which remains an important limitation for radical treatment of
NSCLC with RT. Monitoring changes in dyspnea as an endpoint
for multi-factorial predictive models of lung toxicity is important
to increase the efficacy of radio(chemo)therapy without
compromising treatment safety. Given the subjective nature of
the symptom, patient-completed tools may be more sensitive and
subject to less bias than physician grading. We have
demonstrated that lung dose-volume parameters predict for a
10% worsening of dyspnea QoL at 3 months and dyspnea VAS at
6 months post-RT. A constraint of 11% of the lung volume
receiving 40 Gy, if validated, may be useful in limiting the
proportion of patients who experience ≥10% increase in
dyspnea score following conventional RT. Further estimates,
including competing risk analysis, will be needed to define the
complex relationship among dyspnea, lung cancer and RILI in
detail, also taking into account the rate of locally advanced
disease stage. Our findings support the use of subjective
dyspnea tools in future studies on lung RT toxicity.
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