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Abstract

Globally, lung cancer is the leading cause of death. Surgical removal of a primary non-small cell lung
cancer (NSCLC) tumour offers a significant chance of cure for those suffering. Additionally, it is
anticipated that the introduction of screening programs for lung cancer will result in an increase in
survival rates. Therefore, health-related quality of life (HRQOL) following surgery has become an
important consideration for these patients. However, a considerable number of lung cancer patients
who have undergone surgery have not experienced improvement in their breathing afterwards, a
condition that can persist for several months following surgery. Computed Tomography (CT) scans
of lung cancer patients often demonstrate concurrent emphysema with low attenuation areas (LAAs),
the significance of which is unclear. Moreover, sarcopenia is observed in about half of lung cancer
patients and is linked to impaired health outcomes and lower survival rates. Identifying the predictors
of postoperative HRQOL decline is vital; however, little information is available regarding the
relationship between baseline HRQOL, quantitative computed tomography (QCT) of emphysema, or

CT-based body composition with postoperative dyspnoea and global health.

This thesis aims to examine the predictors of HRQOL of dyspnoea and global health six months

following lung cancer surgery.

This is a prospective observational study. The European Organisation for Research and Treatment of
Cancer (EORTC QLQ-C30) questionnaire and lung cancer module LC13 were introduced at baseline
pre-surgery, eight weeks, and six months after lung surgery. Using the CT scans, lung density
measurements using %LAA at thresholds of -950 Hounsfield Units (HU) and -910 HU for the
assessment of emphysema were quantified and the cross-sectional area of thoracic and abdominal
muscles, specifically pectoralis (PM), erector spinae (ESM), psoas (PSM), and skeletal muscles (SM),

were analysed using an open-access software.



Univariate and multivariate linear, ordinal and multinational regression analyses were performed to
find out the predictive value of preoperative HRQOL and CT scan density measurements.
Comparative analyses, as well as intra-class correlation coefficients and Bland Altman plots, have

also been employed.

A total of 1064 patients were recruited over 10 years, and 906 consented patients were included in
the study. A significant increase in dyspnoea scores was observed beyond the minimal clinical
difference, with values at baseline, eight weeks, and six months were 20.5 £ 22.6, 39.6 + 24.5, and
33.2 £ 24.7, respectively. In an eight-week period, global health scores dropped from 73.2 &= 20.5 to

63.3 £ 20.5, with only a minimal improvement observed at six months (66.6 + 22.2).

In the multivariate regression analyses, we have demonstrated that baseline dyspnoea is a strong
predictor for patients’ postoperative HRQOL after lung cancer surgery (OR =3.07 — 12.3, p = 0.00).
Additionally, baseline global health significantly predicts postoperative HRQOL (coefficient = 0.45

~0.5,p = 0.00).

The data demonstrate that %LAA-950 is a significant predictor of postoperative dyspnoea and global
health (OR = 1.2-1.3, p=0.00), while %LAA-910 is not consistently a strong predictor after adjusting

for clinical and perioperative factors.

Al-based and semi-automated software showed strong consistency in measuring %LAA-950 and
whole lung volume, 15th percentile, and mean lung density. However, there was a lower degree of
agreement between the two programs in lobar measurements. Finally, no statistically significant
differences were observed in the changes in HRQOL following lung surgery among the small number

of patients with sarcopenia.



In conclusion, QCT of emphysema could be a valuable tool in assessing patients undergoing lung
cancer surgery in terms of dyspnoea and global health QoL. Leveraging existing patient information

in their perioperative care is vital for improving treatment strategies and patients’ outcomes.
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Chapter 1. Introduction

1.1 Lung cancer

Lung cancer has been the most prevalent cancer type worldwide for decades [1]. In the United
Kingdom, lung cancer has a high prevalence, morbidity, and mortality rate [2]. In 2021, there
were 43,478 new lung cancer cases in the UK [3]. Among all cancers, lung cancer has one of the
lowest survival rates, with only 16.2% living more than five years and only 9.5% living more than
ten [2]. According to epidemiological studies, more cases are anticipated in the upcoming years
due to an increase in the global smoking population [4]. Although the direct expenses of lung
cancer in the UK are projected to be £163 million per year, the majority of the costs associated
with the disease are intangible costs estimated to be £45 billion [5]. According to the National
Lung Cancer Audit (2021), 41% of the patients were readmitted to NHS hospitals after lung
cancer surgery in 90 days in 2018, mainly for the management of complications, comorbidities

and emergencies (Figure 1.1) [6].
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Figure 1.1 Percentages of readmission 90 days after lung cancer surgery in NHS hospital. Taken
with permission National Lung Cancer Audit, Lung cancer clinical outcomes publication (2021).



High readmission rates are connected with worse patient outcomes, resulting in a significant
financial burden [7], not to mention the costs of suffering, pain and lives lost. Studies found that

HRQOL is associated with prolonged hospital stay and readmission [8, 9].

However, with the introduction of lung cancer screening and early detection of lung cancer, lung
cancer survival will increase [10]. The risk of poor HRQOL after surgery is an essential concern
for many patients, as expressed in pre-surgery counselling [11, 12]. Consequently, assessing
patients who reported HRQOL is vital to identifying the patients at high risk of poor HRQOL

after lung cancer treatment.

1.2 Lung resection of cancer

Generally, lung cancer is categorised into small cell lung cancer and non-small cell lung cancer
(NSCLC), and resection of primary lung cancer marked a major part of the workload of thoracic

surgery, which is operated with curative intent and ranged up to 32.3% [6].

The gold standard surgery is anatomical resection of a lung tumour, which comprises
segmentectomy, lobectomy, bilobectomy, or pneumonectomy; these treatments entail lymphatic
dissection with removal of a lung segment, a single lobe, two lobes, or an entire lung, respectively
[13]. As the lungs contain five lobes divided into 19 anatomical segments, each lobe has between
two to five segments; hence, anatomical resection involves removing a varying extent of
functional lung tissue that does not include a tumour. Consequently, 53% of the people who have

undergone lung cancer surgery suffer from dyspnoea [14] (Figures 1.2 and 1.3).
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1.2.1 Assessment of the risk of lung surgery: conventional risk assessment
A tripartite approach is adopted by the British Thoracic Society (BTS) and the American College
of Cardiology (ACC) for quantifying surgical risk, facilitating the calculation and assessment of
individual outcomes for the patient and multidisciplinary team (MDT) to discuss [13]. The
estimated risk of post-operative cardiac events, peri-operative death, and post-operative dyspnoea
must be considered before a patient is offered surgery; the patient must be involved in the
assessment and discussion of these risks so that specific outcomes can be predicted. A patient
should be aware of the potential impact of the surgery on the patient's QoL before deciding
whether to proceed with surgery (shared decision-making). Preoperative risk stratification for

lung resection patients will be discussed in this section.

1.2.1.1 Risk assessment for postoperative dyspnoea
The traditional method for estimating risk in individuals evaluated for lung resection surgery uses
dynamic lung volumes and transfer factor (Figure 1.4). Shortness of breath (SOB) is a common
complication of lung resection, with more than 50% of patients reporting disabling symptoms
[15] (section 1.5). However, in preoperative risk assessment, SOB is always secondary to hard
clinical outcomes such as mortality and morbidity [13]. Nevertheless, this symptom should not

be overlooked.

The British Thoracic Society Guidelines recommend segment counting for evaluating lung
function and predicting postoperative lung function [16]. Additional functional assessment by
shuttle walk tests or cardiopulmonary exercise testing is used to classify patients into moderate

or high-risk groups of dyspnoea postoperatively (Figure 1.4) [13].



It is considered an average risk when predicted postoperative forced expiratory volume in 1
second (%ppoFEV1) and predicted postoperative diffusing capacity for carbon monoxide
(%ppoDLCO) are greater than 40% predicted, and when oxygen saturation on air is greater than

90% [13].

On the contrary, patients are classed as high risk if they have %ppoFEV: and %ppoDLCO lower
than 40% [13]. Exercise testing is taken into consideration for patients with any other

combinations. The following formula is used to calculate segment counting for the patients [16]:

((19 — obstructed segments) — unobstructed segments to be resected)

Postoperative FEV, = preoperative FEV; X (19— obstructed segments)

Spirometry and gas
transfer

Moderate to high risk Low risk
ppoFEV1 <40% pPPoFEV1 =40%
ppoDLCO <40% ppoDLCO 240%

Functional assessment

High risk Moderate risk
Shuttle walk =400m Shuttle walk >400m
VO2 max <15ml/kg/min VO2 max >15ml/kg/min

Figure 1.4 Risk assessment prior to lung resection for cancer, ppo; predicted postoperative, FEV1; forced
expiratory volume in 1 second, DLCO; diffusing capacity for carbon monoxide, VO2 max; maximum
rate of oxygen consumption, adapted from: Lim, E., et al., Guidelines on the radical management of
patients with lung cancer. Thorax, 2010. 65(Suppl 3): p. iiil-iii27



A previous study noted a strong correlation between predicted and measured postoperative
ppoFEV: and ppoDLCO assessed by quantitative ventilation and perfusion scintigraphy for lungs
in 55 patients [17]. FEV; (r = 0.86, p 0.001) and DLCO (r = 0.8, p 0.001) were associated with
predicted post-operative lung function. The relationship between predicted and measured FEV;
values after pneumonectomy was significant, although weaker when divided by whether
lobectomy or pneumonectomy was performed (r=0.51, p<0.05). There was no association
between measured and predicted DLCO values after pneumonectomy (r=0.17, p>0.05). These
patients had received aggressive radiotherapy; without radiotherapy, postoperative DLCO values
were more closely related to predicted values (r=0.84, p<0.01) [17]. As a result, segment counting

may not always be accurate.

Patients with obstructive disease may have inaccurate ppoFEV values that cannot be applied
alone in patients’ risk assessment. In a study by Brunelli and colleagues, patients with COPD had
lower losses of FEV1 and DLCO three months after lung cancer lobectomy than those without
COPD. They also revealed that FEV| and DLCO were higher than predicted after lung surgery in
COPD patients. [18, 19]. However, the authors did not assess the correlations between these

measures and HRQOL.

The disease may not affect the lung uniformly. Therefore, lung segments can function differently.
Consequently, future research may be necessary to determine the regional contribution from the
lung that needs surgery in any patient with borderline ppoFEV or ppoDLCO after simple segment

counting or those with a bronchial lesion blocking flow.

Several studies have investigated ppoFEV in risk prediction and surgical patient selection. In an

early study, Olsen et al. determined that patients with a ppoFEV as low as 0.8 litres could tolerate



resection. However, this was found in a study involving only 13 participants [20]. As a result of
surgery, FEV (L) and %FEV; are reduced and can be accurately predicted [21]. Nonetheless,
many studies have questioned the ability of FEV 1% or ppoFEV1% to predict dyspnoea [22-24].
Bousamra and colleagues investigated whether baseline %DLCO could predict postoperative
morbidity and mortality in 325 patients with lung resection. The authors found that low baseline
%DLCO, <60% for pneumonectomy or <50% for lobectomy, was associated with postoperative
breathlessness at six months (p<0.01). However, it was limited by assessing nine patients with
increased dyspnoea after lung surgery, seven of whom had extensive resection and concurrent
radiation therapy [25]. Despite showing a correlation between pulmonary function and dyspnoea,

the study did not predict dyspnoea after lung resection.

Others found that lung function could predict postoperative dyspnoea in lung resection patients.
The dyspnoea on exertion was classified into four stages using a simple unnamed questionnaire:
one on intense work and four on minimal effort. Patients with class three and four dyspnoea had
decreased %FEV; and %FVC than patients with class one and two dyspnoea. Based on multiple
regression analyses, %FEV| and %FVC were independent predictors of postoperative dyspnoea.
[26]. It was concluded that pulmonary function could predict postoperative dyspnoea; however,

the study was limited to 35 patients who had undergone pneumonectomy.

Measuring predicted postoperative values of FEV, DLCO, and baseline pulmonary function is
important to classify the risk of postoperative dyspnoea and mortality [13]. However, the need for
a more precise estimate of dyspnoea and QoL in patients having lung resection is paramount. If a
prediction results in a high risk, treatment may be altered for a limited resection or alternative
therapy such as Stereotactic Ablative Body Radiotherapy (SABR). In addition, it helps

counselling the patients on surgery and its long-term impacts. As a result, the best course of action



should be determined by considering various risk factors. Risk factors for dyspnoea following

lung resection in previous studies are reviewed (Section 1.8.1).

1.2.1.2 Risk assessment for postoperative quality of life
The British Thoracic Society and the Society for Cardiothoracic Surgery guidelines involved the
quality of life as one element for assessing the risks of surgery [13]. Their recommendations
included minimally invasive approaches and non-anatomic resection where appropriate.
Evaluating the quality of life is not recommended solely based on pulmonary function and
exercise tests. Finally, they recommend assessing the quality of life using validated instruments
(section 1.7.3) [13]. Several studies found a poor correlation between preoperative FEV;, DLCO
and quality of life in lung cancer surgery [27, 28]. Predictors of postoperative quality of life will

be discussed in detail (Section 1.8.2).

1.3 Assessment of lung function in routine clinics

Existing methods for assessing lung function include spirometry, lung volume, and gas transfer
factor measurements. As these measurements are widely recorded in normal individuals in various
populations, they can be compared to the expected values based on the gender, height, age, and
ethnicity of each patient. This makes it possible for clinicians to interpret the absolute value and
the percentage predicted value [29]. Understanding the fundamental principles underlying these
routine tests is necessary for appreciating the difference between novel methods and,

consequently, where valuable clinical data can be added.



1.3.1 Spirometry
In order to perform spirometry, patients must cooperate in fully breathing, forcefully exhaling,
and then continuously exhaling to measure gas volume changes and the passage of time. The
patient blows into a sealed tube between the mouth and the tube, and a nose clip is placed so all
measurements are taken externally. The FVC and FEV; are crucial measures this process

generated [30].

1.3.2 Gas transfer
DLCO assesses the ability of carbon monoxide (CO) to bind to erythrocyte haemoglobin after
administration of inspired CO. Before a vital capacity (VC) manoeuvre, a small amount of CO is
administered to the patient. The patients hold their breath and then exhale [31]. To measure the
concentration of CO in the air exhaled from the alveolar space, the volume of gas originally
exhaled from the respiratory system is discarded and the remaining concentration is measured. As
CO passes through the alveolar wall and into the red blood cells, the change in concentration is
used to determine how much has passed into the bloodstream instead of being restricted by blood
delivery to the alveolar bed. It is necessary to add an inert gas, such as helium, to the inhaled gas
mixture to measure the initial dilution of inspired gases into the residual volume (RV) of the lung
for the exhaled concentration of CO to be adjusted for this and a total lung capacity (TLC) to be

determined [32].

Clearly, these tests determine how well the respiratory system is functioning as a whole, although
pathological processes may be distributed heterogeneously in the lungs. Identifying other
measures can thus be helpful to aid in diagnosis and gauge how a particular lung disease will

respond to treatment.



1.4 Chronic Obstructive Pulmonary Disease (COPD)

COPD, also known as chronic obstructive pulmonary disease, is characterized by symptoms that
manifest in the respiratory system and the restriction of airflow [33]. COPD is distinguished by a
persistent inflammatory reaction in the lung tissue that develops due to inhaling harmful gases or
particles, most often tobacco smoke. The persistent limitation of airflow is caused by parenchymal
damage (emphysema) and small airway disease (obstructive bronchitis); their influence varies
from patient to patient [33]. COPD affects almost 200 million individuals worldwide [34], and
this disease's prevalence is on the rise. COPD is projected to be the third most common cause of
death worldwide by 2030 [35]. Additionally, emphysema is an independent risk factor for lung
cancer, and the risk increases with smoking. It is undeniable that smoking is one of the primary
risk factors for emphysema and lung cancer, indicating shared pathways in these disease

development [36].

1.4.1 Emphysema
Emphysema is a chronic condition that causes the adjacent walls of the air spaces distal to the
terminal bronchiole to dilate abnormally over time [37]. This causes the capillary and alveolar

surface area to diminish, which reduces the gas exchange [38] (Figure 1.5).

t . B e~
a (right), taken from: DEFINITION IN,

Figue 1.5 Nor‘mal lung tissue (left) and severe emphysem
G.P.O., Terminology, definitions, and classification of chronic pulmonary emphysema and related
conditions. Thorax, 1959. 14: p. 286
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1.4.2 Emphysema types
1.4.2.1 Centrilobular emphysema
Most commonly associated with smoking, it is the most prevalent type of emphysema [38]. It is

described as the destruction of the centre tissue of the lung lobule [39].

1.4.2.2 Panlobular emphysema
Typically, panlobular emphysema affects the lower lobes and is associated with airway narrowing
and inflammation [40]. One of the leading causes of panlobular emphysema is alpha-1 antitrypsin

deficiency [41].

1.4.2.3 Paraseptal emphysema
Paraseptal emphysema is commonly found near the pleural surface in the upper lung regions,

destroying lung lobules at their periphery near the lobular septa [42] (Figure 1.6).

Absence of emphysema Centrilobular emphysema Paraseptal emphysema Panlobular emphysema

Figure 1.6 Computed tomography images for normal and different emphysema types, taken from: Smith,
B.M., et al., Pulmonary emphysema subtypes on computed tomography: the MESA COPD study. The
American journal of medicine, 2014. 127(1): p. 94. €7-94. e23.
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1.4.3 Diagnosis of COPD
Patients with dyspnoea, chronic coughing, sputum production, and/or a history of exposure to risk
factors should be evaluated for COPD [43]. Evaluation of COPD aims to ascertain the severity of
airflow limitation, its effect on the patient's health condition, and the risk of future events to guide

therapy.

In this clinical setting, diagnosis requires a spirometry test [44]; a post-bronchodilator FEV1/FVC
<0.7 proves persistent airflow limitation and, therefore, COPD in patients with specific symptoms
and substantial exposures to noxious stimuli [43]. The following assessments of COPD must be

considered separately:

1.4.3.1 Classification of severity of airflow obstruction
In order to simplify the process, specific cut-points are used in spirometry. A short-acting inhaled
bronchodilator should be administered before spirometry to minimize variability [43]. The

severity of airflow limitations is illustrated in Table 1.1.

Table 1.1 Classification of COPD severity according to the Gold stage
Patients with FEV1/FVC <0.7

Gold 1 Mild FEV: > 80% predicted
Gold 2 Moderate 50% < FEV; < 80% predicted
Gold 3 Severe 30% < FEV; <50% predicted
Gold 4 Very severe FEV1 <30% predicted
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It is worth noting that the correlation between FEV 1, symptoms and patient's health status is weak

[45, 46]. Consequently, conducting a formal assessment of symptoms is imperative as well.

1.4.3.2 Symptoms assessment
Traditionally, COPD has been viewed as a disease characterized by breathlessness. It was
considered adequate to measure breathlessness using the Modified British Medical Research
Council (mMRC) Questionnaire because it correlates well with other health status measures and

predicts future mortality [47, 48]. mMRC is described later (Section 1.6.3.2).

Despite this, dyspnoea is not the only effect of COPD patients [45]. A comprehensive assessment
tool is necessary to assess symptoms in patients with COPD [33]. CAT stands for Chronic
Obstructive Pulmonary Disease Test, which is a small test that can be used to evaluate the
symptoms of COPD [49]. However, studies conducted among COPD patients found a moderate
correlation between mMRC and CAT score [50, 51] and a weak correlation between CAT score

and %FEV1 [50].

1.4.4 COPD in lung cancer
A study stated that 40%-70% of lung cancer patients suffer from COPD and noted that the
probability of COPD is six times greater in lung cancer patients than in matched controls with a
smoking history [52], implying that COPD and lung cancer might have some risk factors in
common that are not related to smoking [4]. According to other research, 50% to 80% of lung
cancer patients with a smoking history are affected by COPD [53]. There is evidence that patients
with lung cancer who have COPD have a worse prognosis than those without COPD [54, 55]. In

addition, Zhai et al., in their extensive study, involved 902 patients with NSCLC who had a
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pulmonary resection. The authors found that COPD existed in 54.4% of the patients and reported
that patients with COPD had a significantly lower 5-year overall survival (P = 0.000) than those

without COPD.

Furthermore, among patients with and without COPD, the 5-year progression-free survival rates
were 50.1% and 60.6%, correspondingly (P = 0.007) [56]. Evaluation and diagnosis of COPD at
an early stage of lung cancer may improve prognosis and treatment decisions [57]. Due to the

impact of COPD on lung cancer patients, it is vital to assess COPD in this cohort.

1.5 Sarcopenia in lung cancer

In 1988, the term sarcopenia was first defined [58] and was used to describe the physical
component of a group of disorders characterised by significant loss of skeletal muscle mass and
function. It has been identified as a predictive factor for various malignancies, including physical
disability, poor quality of life, and mortality [59]. Historically, sarcopenia has been defined as the
loss of skeletal muscle mass due to ageing. Nevertheless, it has now been established that loss of
skeletal muscle mass can be caused by a variety of factors, including inactivity, a lack of adequate

nutrition, disease, or a combination of these [59].

The prevalence of sarcopenia in lung cancer cohorts varies in the literature. According to Baracos
et al., sarcopenia is more prevalent in lung cancer than in other types of cancer [60]. In contrast,
another meta-analysis of 81,814 cancer patients stated that sarcopenia in lung cancer was less
prevalent (36%) than in other cancer types [61]. While the prevalence of sarcopenia varies by the
diagnostic criteria used to define the condition, it can reach 43% in patients with non-small cell

lung cancer (NSCLC) and 52% in patients with small cell lung cancer (SCLC) [62].
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Sarcopenia is correlated with poor overall survival in lung cancer patients. The findings of Kim
et al. indicate that patients with sarcopenia and SCLC have a significantly shorter median overall
survival (8.6 vs 16.8 months; P =0.03) [63]. Tsukioka et al. [64] and Rossi et al. [65] discovered
comparable findings in patients with stage | NSCLC and stage IV NSCLC (p <0.01 and p = 0.03,
respectively). Additionally, several studies have demonstrated Sarcopenia as a significant
independent predictor of poor postoperative survival [66, 67]. It has been suggested that attention
should be given to preventing perioperative sarcopenia after lung cancer resection [68]. It has
been demonstrated that sarcopenia is associated with short-term postoperative outcomes, such as

complications after surgery, hospital length of stay (LOS), and readmission [69-71].

Therefore, Identifying sarcopenia in patients with lung cancer who are undergoing lobectomy via
thoracotomy, as well as those who experience other thoracic operations, may assist in the
decision-making process before interventions and will contribute to future studies to improve risk

stratification [69].

1.5.1 Diagnosis of Sarcopenia
In 2010, the European Working Group on Sarcopenia in Older People (EWGSOP) released the
first consensus statement regarding the diagnosis of sarcopenia [72]. The working group identified
Three stages of sarcopenia: pre-sarcopenia, sarcopenia, and severe sarcopenia [72]. An individual
with pre-sarcopenia is defined as having a low level of skeletal muscle mass. In contrast, someone
with sarcopenia has low skeletal muscle mass but does not have sufficient muscle strength or

function, and someone with severe sarcopenia has low mass, strength and performance [72].

In 2019, the EWGSOP published an updated consensus statement on the diagnosis of sarcopenia.

Instead of referring to pre-sarcopenia, the revised report provided an alternative algorithm that
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can be used to facilitate the diagnosis of sarcopenia in clinical practice. It was recommended by
the working group that sarcopenia be assessed by assessing muscle strength first. If this
measurement is low, a measure of muscle mass or quality would be conducted [73]. Even though
EWGSOP criteria are commonly used to define sarcopenia, there are several different definitions
of the condition, and there is no consensus within the international community on diagnostic

criteria for sarcopenia in older people.

As of today, there is no consensus regarding the optimal method of measuring muscle mass in
cancer patients regarding their body composition. Sarcopenia measurements are performed using
a variety of instruments, including anthropometric measurements, dual-energy x-ray
absorptiometry (DXA), bioimpedance measurements, or computed tomography scans [74]. The
anthropometric measurement, however, is limited by the overestimation of muscularity by 15-
25% compared to CT measurements [75]. In addition, bioimpedance measurement is only
beneficial for patients without "gross altered body composition" [76]. Moreover, DXA is not
routinely used on patients with these conditions [77]. Muscle wasting has typically been assessed
using body mass index (BMI) and body weight in patients with COPD [78]. The BMI cannot
distinguish between the relative proportion of lean muscle and adipose tissue, so it may not be
sensitive to early pathologic changes in body composition [79]. Cogswell et al. observed that early
loss of skeletal muscle and functional alterations are often preceded by a measurable body weight
loss [80]. In their discussion, the authors demonstrated how imaging was the only method of
identifying early changes in skeletal muscles, thus the importance of these quantitative
measurements of muscle changes [80]. There is a need to pay attention to the chest CT scan as it
is routinely utilised to evaluate the disease's severity, eliminate other conditions, and assess
extrapulmonary manifestations in patients suffering from COPD [78]. A number of studies have

found that measuring the cross-sectional area of skeletal muscle on a single axial chest CT slice
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may be a useful method of assessing local skeletal muscle mass [79, 81]. It is also important to
note that chest CT scans and abdominal CT scans are applied as part of the routine clinical

assessment of patients with COPD and lung cancer.

1.5.2 Sarcopenia and respiratory muscles’ function
Sarcopenia has a profound effect on respiratory muscles’ function, specifically in patients with
COPD [82]. Respiratory sarcopenia characterised by respiratory muscles’ weakening and atrophy
resulting in respiratory muscles’ fatigue and then may lead to a decline in lung function [83]. The
main respiratory muscle, the diaphragm, is weakened in sarcopenia, resulting in diminished
diaphragmatic mobility and inspiratory strength which increases respiratory deficiency [84].
Respiratory sarcopenia can negatively impact the ability of respiratory muscles to generate force,

and lung function, which then negatively impact exercise tolerance and quality of life [84].

1.5.3 Sarcopenia and Health-Related Quality of Life
Few studies have examined the relationship between low muscle mass and quality of life among
lung cancer patients. Researchers reported an association between lower skeletal muscle mass and
lower global quality of life scores among men with advanced lung cancer who had first-line
chemotherapy and reported a significant association between low muscle density and dyspnoea
(n=734) [85]. Another study examined the difference in features of muscle cachexia measured on
CT and quality of life in 241 cancer patients, of whom 36% were lung cancer patients. The authors
reported clinically and statistically significant differences in global health scores between those
with low muscle mass and those without (52 vs 64, respectively, p <0.001) [86]. However, the

study was limited as the skeletal muscle mass was measured at T4 level, which was not validated.
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Furthermore, the authors used two different levels (T4 and L3) for the same muscle which may

not offer reliable estimate of sarcopenia.

On the contrary, another study examined the association between HRQOL and low muscle mass
in 1027 cancer patients. The research found no significant association between low muscle mass
with different domains and overall quality of life scores [87]. However, data collection on QoL
was not performed in timely manner, and patients might have been at various stages of their
disease trajectory (81% received therapy in the preceding four weeks). It is also possible that
patients have previously received treatment, which may have affected the QoL scores. These
limitations make an overall conclusion about the relationship between QoL and low muscle mass
extremely difficult. Additional discussion regarding CT assessment of sarcopenia in previous

studies will be discussed in detail (Section 1.10)

Efforts should be made to conduct studies with a more consistent approach to HRQOL
assessment. Data can be compared with pre-existing evidence when the EORTC QLQ-C30 is used
for HRQOL assessment [88]. However, limited studies have examined the relationship between
sarcopenia measured on CT and quality of life using EORTC QLQ-C30 in lung cancer patients

[85-87]. Therefore, there is a need for more exploration in this area.

1.6 Dyspnoea following lung surgery

1.6.1 Dyspnoea overview
Comroe (1966) defined dyspnoea as “a subjective experience of difficult, laboured, and
uncomfortable breathing that occurs when the demand for ventilation exceeds the individual’s
ventilation capacity” [89]. Breathing difficulties include a variety of sensations that patients

describe with an even more comprehensive range of words [90, 91]. Some common complaints
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of dyspnoea include breathing too much or not breathing enough, taking deep breaths, gasping

for air, or feeling tight in the chest or throat [92].

Objective measurement and subjective feeling may not be correlated, and the degree of physical
modification may or may not mirror the subjective perception. On the one hand, some patients
may have acute dyspnoea while exhibiting mild pathophysiological changes. On the other hand,
other patients may have mild dyspnoea and a significant decrease in pulmonary function.
Dyspnoea may have an impact on a patient's life in a variety of ways, decreasing activity and

creating pain and suffering.

Apart from its significant burden, clinicians frequently underestimate dyspnoea [93]. More than
half of lung cancer patients reported clinically significant dyspnoea symptoms, a common and

distressing problem in these patients, ranging between 50% and 71% [15, 94-97].

1.6.2 Dyspnoea following lung surgery
Dyspnoea is a typical complaint in patients who have had pulmonary resection [98], and it is
generally related to the loss of alveolar volume and limitation of the pulmonary vascular bed [99].
In a study that included 52 patients following lung resection, the authors found that dyspnoea was
the most common and severe single complaint [100]. Additionally, they found that patients with

pneumonectomy suffered worse dyspnoea than those with lobectomy [100-102].

It is worth noting that dyspnoea was reported in many longitudinal studies of lung cancer surgery.
Although the short-term dyspnoea increase in these studies was consistent, the long-term
dyspnoea results differed [11, 28, 101, 103, 104]. Studies noted that SOB recovered to

preoperative scales at three months [105] and six months after lung resection [11]. There have

19



been several studies showing dyspnoea increase following lung resection surgery, with a start of

recovery three months [106] and six months [107] after the surgery.

Therefore, the first six months are a critical period for observing the most pronounced and
consistent changes in dyspnoea, thus justifying our targeted recruitment period for PROs.
Additionally, evaluating perioperative factors and covariates that might affect the recovery of
postoperative dyspnoea are paramount. Furthermore, It is imperative to investigate the aetiology
of these high and persistent rates of dyspnoea since it negatively affects patients' mood, functional

status, and QoL [103].

1.6.3 Dyspnoea measures
There are several grading systems available to quantify dyspnoea. Using instruments to measure

dyspnoea contributes to standardising the symptom's description.

1.6.3.1 The Modified Borg Scale (MBS)
It is one of the most common scales used to measure dyspnoea during exercise tests. It has a
vertical line to denote severity on the scale, with numbers 0-10 corresponding to severity

descriptors [108]. To quantify dyspnoea, the patient can choose a number or a verbal description

(Table 1.2).
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Table 1.2 Modified Borg scale (mBorg).

Score Description of difficulty of breathing
0 Nothing at all
0.5 Very, very slight (just noticeable)
1 Very slight
2 Slight
3 Moderate
4 Somewhat severe
5 Severe
6 1
7 Very severe
8
9 Very, very severe (almost maximal)
10 maximal

On this scale, dyspnoea can be rated based on severity as long as the verbal descriptions describe
the same intensity for each individual. While the mBorg scale can provide dimensional
measurements of dyspnoea severity, it does not consider the factors contributing to breathlessness.
It is also unclear whether the scale can be consistently used by different observers because there
are no apparent criteria or standard principles for using it. While serial mBorg measurements of
dyspnoea might provide information about changes within an individual patient, they are not

suitable for comparing dyspnoea among patients or the conditions of groupings of patients. [109].

1.6.3.2 Medical Research Council Scale (MRC)
For many years, the Medical Research Council (MRC) dyspnoea scale has been used to measure
the effect of breathlessness on daily activities. It is simple to administer since patients indicate the

extent to which breathlessness affects their mobility [110]. The MRC score does not quantify
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dyspnoea; instead, it quantifies breathing difficulty because it identifies dyspnoea that should not
exist (grades one and two) or exercise limitations (grades three to five) (Table 1.3). MRC scoring
is widely used in COPD-related pulmonary rehabilitation to stratify risk [111] and is commonly

used to describe dyspnoea in lung cancer patients at multidisciplinary meetings.

Despite its widespread use in the medical literature, the scoring tool may not be sensitive enough
to detect small but important changes in dyspnoea levels due to its broad grading system [112].
Several grades do not have precise definitions, which may contribute to this insensitivity. For
example, someone who leaves the house but walks less than 100 yards does not clearly belong in

grade 4 or 5 [113].

Table 1.3 Medical Research Council (MRC) dyspnoea scale [114]

Grade Description
1 Not troubled by breathlessness except on strenuous exercise
2 Short of breath when hurrying on level ground or up a slight hill
3 Walks slower than most people on the level stops after a mile or so or

stops after 15 minutes walking at own pace.

4 I stop for breath after walking 100 yards or after a few minutes on the

level ground

5 I am too breathless to leave the house, or breathless when

dressing/undressing
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There has been a 'modification' of the scale, based on more simplified statements and referring to

'people’ instead of just men, but it remains based on the same five stages of breathlessness [115].

There is confusion between the original grades, which range from 1 to 5 and the modified

versions, which range from 0 to 4 (Table 1.4).

Table 1.4 Modified Medical Research Council (mMRC) dyspnoea scale [116]

Grade Description

0 I only get breathless with strenuous exercise

1 I get short of breath when hurrying on level ground or walking up a slight
hill
On level ground, I walk slower than people of the same age because of

2 breathlessness or have to stop for breath when walking at my own pace
on the level.

3 I stop for breath after walking 100 yards or after a few minutes on level
ground

4 I am too breathless to leave the house, or I am breathless when dressing

23



1.6.3.3 The University of California and Sand Diego Shortness of Breath Questionnaire to

measure dyspnoea (UCSD-SOBQ)

The UCSD-SOBQ is a standard and validated tool for measuring dyspnoea in the past week [117],
and it includes 24 items with a range of 0 to 120 points. The questionnaire is similar to the MRC
in that it is self-administered. In the UCSD-SOBQ, dyspnoea is measured by rating 21 everyday
activities on a 6-point scale (0 = "not at all" to 5 = "maximal or unable to do because of
breathlessness"). Nevertheless, using these daily activities does not account for the differences in

effort [118].

1.7 Health-Related Quality of Life after lung surgery

1.7.1 HRQOL Overview

The World Health Organization defined quality of life (QoL) as “individuals’ perceptions of their
position in life in the context of their culture and value systems in which they live and concerning
their goals, expectations, standards and concerns” [119]. HRQOL indicates “how well a person
functions in their life and his or her perceived wellbeing in physical, mental, and social health

domains” [120].

The ability to measure patients' HRQOL, including physical, psychological, and social aspects,
has been demonstrated using several patient-reported outcome (PRO) measuring tools. The term
PRO encompasses any outcome directly informed by a patient (usually via a standardized
questionnaire) [121]. When selecting the appropriate treatment for a patient, one should consider
the patient's fears, expectations, and judgment. Moreover, HRQOL is a helpful tool for
determining the effectiveness of different treatments. A clear and accurate understanding of how

HRQOL changes after lung cancer surgery may allow the patient to engage actively in the
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decision-making process [121]. Guidelines on radical patient management emphasise the
importance of patient acceptance or refusal of surgical risks based on expected postoperative QoL
[13]. Notwithstanding the expanding interest in PRO, the collection of HQOL data in clinics is

still entirely lacking [122].

Nevertheless, it has been shown that objective parameters commonly used to estimate surgical
risks, such as pulmonary function tests, diffusing capacity for carbon monoxide (DLCO), and age,
are inaccurate when used to predict postoperative QoL, which is a subjective measure [27, 123].

Therefore, evaluating the predictive role of HRQOL in lung cancer patients is beneficial.

1.7.2 HRQOL after lung surgery
Health deterioration is a risk for lung cancer patients receiving curative treatments [ 124]. Patients
with NSCLC commonly report worsened HRQOL prior to surgery [27, 125]. Several studies
highlighted the deterioration in lung cancer patients’ HRQOL immediately post-lung resection
[11, 126-128], and other studies showed different recovery times in patients’ HRQOL. The
majority of studies found that lung cancer surgery negatively impacts physical HRQOL [14, 106,
129, 130]. Although symptoms burden reduced in the first few months after surgical treatment,
they remained higher than preoperative levels after surgery [103, 106, 126]. Additionally, Pompili
et al. (2018) indicated that global health/overall QOL had the most impairment in HRQOL and

did not show recovery in 12 months after surgery [106].

There has been controversy about the time it takes for patients' HRQOL to return to normal after
lung surgery, leading to questions about the factors that could affect a patient's HRQOL. In
addition, it is crucial to identify lung cancer patients at an elevated risk of reduced HRQOL soon

after receiving a lung cancer diagnosis [131].
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1.7.3 HRQOL scoring instruments
Juniper et al. suggested selecting HRQOL questionnaire based on tools that have already been
validated [132]. There are several factors to take into account when choosing a questionnaire,
including the study's purpose, population, measurement properties, design issues, scoring, and

data analysis [121].

HRQOL questionnaires are divided into generic and cancer-specific questionnaires. The two
commonly implemented generic tools are the Short Form 36-item Health Survey (SF-36) and
Euroqol-5 Dimension (EQ-5D) questionnaire [121]. The lung cancer-specific tools include the
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core
Module (EORTC QLQ-C30), European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire (EORTC QLQ-LC13), Functional Assessment of Cancer Therapy-
General Version (FACT-G) and Lung Cancer version (FACT-L), and Lung Cancer Symptom Scale

(LCSS) [121].

According to a recent survey among European thoracic surgeons to understand the current
practices of gathering and using data about QoL, 50% of thoracic surgeons used generic
questionnaires. In comparison, 48.5% used cancer-specific questionnaires [133]. An illustration

of the frequency of HRQOL questionnaires used is shown in Figure 1.7.
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Frequency of used HRQolL-questionnaires
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Figure 1.7 the frequency of different HRQOL questionnaires applied, EQ-5D; Euroqol-5 Dimension, QoL;
quality of life, WHOQOL-BREF; World Health Organization Quality of Life- BREF, EORTC QLQ-C30;
The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core
Module, LC13; lung cancer module 13, LC17; lung cancer module 17, FACT-G; Functional Assessment
of Cancer Therapy-General Version, FACT-L; Lung Cancer version, QOL-ACD; Quality of life assessment
of chemotherapy for advanced cancer patients, LCSS; Lung Cancer Symptom Scale. taken from: Damm,
K., N. Roeske, and C. Jacob, Health-related quality of life questionnaires in lung cancer trials: a systematic
literature review. Health economics review, 2013. 3: p. 1-10.

1.7.3.1 SF-36 survey

SF-36 is a patient reported survey designed in the USA to provide valid normative data on the
state of health of the general population in different countries using a wide range of medical
conditions [134]. A major feature of this method is that it can be used to compare health status
between populations and diseases [121]. This 36-item questionnaire assesses eight different areas
of health: body pain (BP), general health perception (GH), mental health (MH), physical
functioning (PF), emotional health-related role limitations (RE), physical health-related role

limitations (RP), social functioning (SF), and vitality (VT) [121]. A linear transformation of data
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initially scored on a 0—100 scale standardizes all health dimension scores in the SF-36 (v2). The
mean of norm-based scores is 50, and the standard deviation is 10. A score of less than 50 implies
a lower quality of life than the general population [121]. One advantage of this feature is that
when the baseline assessment is unavailable, it helps the researchers compare measures directly
and evaluate the long-term effectiveness of the treatment [121]. Yet, it is uncertain if SF-36 can

detect small changes in physical or emotional functioning [135].

Moreover, SF-36 is a generic measure of HRQOL that attempts to cover all critical areas [135].
This was confirmed by a multi-centre study that measured HRQOL in 95 patients with NSCLC.
They found that SF-36 failed to capture lung cancer symptoms and adverse effects caused by
treatments; consequently, a disease-specific questionnaire would be more beneficial in assessing

HRQOL elements [136].

1.7.3.2 EQ-5D questionnaire
EQ-5D is a generic measure used in health economic evaluations [137]. The EuroQol Group
created it to define and evaluate health across various conditions [138]. This instrument outlines
five single items: mobility, self-care, usual function status, pain and/or discomfort, and anxiety
and/or depression. Though developers estimated that it just takes 5 minutes to complete the brief
questionnaire, the EQ-5D is a generic measure and may not be sensitive to detect disease-specific
conditions [139]. It has been shown to be effective in many areas of health. Nevertheless, there
are some apparent gaps since it does not include all aspects of health and may not adequately

reflect the advantages of specific interventions [140].
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1.7.3.3 FACT-G and FACT-L tools
The FACT-G is a 27-item cancer-specific tool with four sections: physical, social, emotional, and
functional wellness and a total score [141]. All items are statements rather than questions and are
scored on a 5-point Likert scale. The FACT-G was created to assess the quality of life in cancer
patients undergoing treatment [121]. The FACT instrument series has a core plus module. The
FACT-L is a 10-item lung cancer-specific module that adds to the FACT-G to create a 37-item
questionnaire. It has five sub-scales of self-assessment designed to evaluate lung cancer patients'
quality of life during the last seven days, with each sub-scale utilising a 0—4 Likert scale. The
FACT-L instrument takes 10 minutes to complete and consists of four general cancer-specific
domains and one subscale specific to lung cancer [121]. Compared to the broad usage in
oncological settings, it has been utilised less often in lung cancer surgery patients [121]. A study
compared FACT-G and EORTC QLQ-C30 to Karnofsky's performance status (KPS) and found
that EORTC QLQ-C30 had a superior ratio of true positive to false positive relative to KPS [142].
In another study, EORTC QLQ-C30 was compared to FACT-G regarding patient preference and
was more favoured by patients than FACT-G [143]. Patients' preference for the EORTC may be
explained by its emphasis on symptoms and traditional functional scales [143]. Failure to
complete all questions is one of the potential consequences of PRO; therefore, patients’ preference
and acceptability for PRO are essential. During the FACT-G survey, there was a relatively low

rate of missing items where they were reported; however, the rates tended to be higher [144].

1.7.3.4 LCSS
The LCSS measures QoL in clinical trials, specifically for disease-specific symptoms, and
includes observer and patient sections [145]. On the patient form, nine questions evaluate seven

symptoms (appetite, tiredness, cough, shortness of breath, pain, and overall symptom load), plus
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two summary questions on functional activity and general quality of life in the context of lung
cancer [121]. The same six symptoms, minus the overall symptom load, are evaluated in the LCSS
observer's section. Each item is graded using a 100-mm Visual analogue scale (VAS), with 0 being
the worst and 100 the best [121]. The first time, it takes 4 to 8 minutes to interpret the VAS;
subsequent administrations take less time. The observer section takes two minutes to finish.
Although LCSS showed high levels of reliability and validity [145], it lacks many of the critical
elements of HRQOL, and its introductory statement mentions the word "lung cancer," which

might be viewed as a limitation [146].

1.7.3.5 EORTC QLQ-C30
The European Organisation for Research and Treatment of Cancer (EORTC) quality of life
questionnaire gauges patients' perceptions of QoL during clinical trials. The core questionnaire
QLQ-C30 was published in 1993 and contains 33 questions that use single-item and multi-item
scales (Appendix 1) [147]. The questionnaire involves five functional scales (physical, role,
emotional, social and cognitive), nine symptom scales (fatigue, nausea and vomiting, pain,
dyspnoea, insomnia, appetite loss, constipation, diarrhoea and financial difficulties), and a global
health scale. The 28 other questions use 4-point Likert scales ranging from "not at all" to "very
much", whereas the two measures for global health use 7-point Likert scales [147]. The method
for scoring these scales is to estimate the average of the scale's contributing elements (raw score)
and then standardise the raw score such that it ranges from 0 to 100 using a linear transformation
[147]. Higher scores on the symptom scales correspond to more severe symptoms, whereas higher
scores on the functional and global measures suggest improved functioning and global health.
This tool has undergone extensive reliability and validity testing [148, 149]. Besides, this survey

has been considerably applied in lung cancer surgery [101, 150-153].
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1.7.3.6 EORTC QLQ-LC13
The QLQ-LCI3 is a lung cancer module produced by the EORTC research group as a
supplementary disease-specific modular system to complement the main QLQ-C30 questionnaire
and measure disease-specific QoL. A total of 13 questions on lung cancer-related symptoms such
as haemoptysis, dyspnoea, discomfort, coughing, sore mouth, peripheral neuropathy, and hair loss
are included in the questionnaire (Appendix 2) [147]. Patients with lung cancer were given this
questionnaire in addition to the QLQ-C30, which was proven to be a clinically relevant and
helpful instrument for assessing disease and treatment-specific symptoms. The time required to
complete both questions is predicted to be 11-12 minutes [121]. Disease-related symptoms and

treatment toxicity are the key scales.

It was validated in 883 lung cancer patients in 1994 and found effective. The dyspnoea score, for
instance, had high psychometric qualities with a Cronbach's alpha value of better than 0.80 in

numerous analyses [154]. The survey has also been translated into more than 60 other languages.

A substantial portion of surgeons supported using SF-36 as a generic tool for assessing the quality
of life after lung cancer surgery. However, it is likely to miss some specific symptoms associated
with lung cancer surgery used to compare general populations [133]. Several studies have shown
that cancer-specific questionnaires are helpful for lung cancer clinical trials, incorporating the
quality of life as a specific endpoint [155-158]. Furthermore, the patients need to consider how
surgery affects their subjective symptoms when accepting the surgery's risks [159]. The British
Thoracic Society and the Society for Cardiothoracic Surgery guidelines recommend using a

validated HRQOL tool and not solely depending on pulmonary function and exercise testing [13].
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The more recent lung cancer module (EORTC QLQ-LC29) is of particular interest because it
retains 12 of the original 13 QLQ-LC13 items, and includes new items assessing side effects of
targeted therapy, immunotherapy, chemoradiotherapy, and thoracic surgery [160]. In our study,
we did not incorporate it since this module was not available at the time the study was conducted.

Consequently, EORTC QLQ-C30 and LC-13 have been implemented in this thesis.

1.8 Predictors of Health-Related Quality of Life after lung surgery

This section aims to examine the evidence and literature for predictors of postoperative dyspnoea

and global health/overall quality of life.

1.8.1 Predictors of Dyspnoea
Even though breathlessness is a significant symptom of advanced cancer, there is little knowledge
regarding its trajectory and predictors [161]. A key aspect of managing breathlessness is
identifying and treating any potential underlying cause [162]. A randomised clinical trial (RCT)
evaluating interventions for possible underlying causes rarely includes breathlessness as a
primary outcome. In contrast, validated patient-reported outcomes are infrequently used to assess

breathlessness as a secondary outcome [163].

Several studies assessed the relationship between pulmonary function tests and postoperative
HRQOL. A study stated that preoperative pulmonary function testing should be cautiously utilised

in predicting postoperative HRQOL [28].

A prospective study involved 1689 cancer patients with palliative care to define predictors of
dyspnoea measured by the Edmonton Symptom Assessment System (ESAS). The authors
highlighted that lung cancer involvement was the strongest predictor for higher breathlessness

scales. COPD was found to be a predictor for breathlessness as well. Interestingly, BMI was not
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associated with higher dyspnoea. Lastly, pain and performance status measured by Karnofsky
Performance Scale (KPS) were modifiable factors for future breathlessness. Nevertheless, the
study was limited in many ways; one of these limitations is that data was collected from palliative
care with different types of cancer with varying settings of treatment and was not focused on lung
cancer patients only [161]. Because of the various types of cancer involved in the analysis, it is

challenging to translate symptom burden to individual patients or cancer types [164].

Another prospective study collected data from 124 subjects who underwent primary pulmonary
resection to evaluate the impact of age, comorbidities and postoperative complications on
postoperative HRQOL to determine predictors of poor HRQOL more than six months
postoperatively [165]. The study employed EORTC QLQ-C30 and LC13 to assess patients’
HRQOL. The authors compared postoperative HRQOL between older (>70-year-old) and
younger (<70-year-old) patients. They found no difference between the two groups, although
dyspnoea was slightly higher in the older group, not to a statistically significant difference.
Additionally, the authors found that postoperative pulmonary complications (PPC) were
associated with dyspnoea from QLQ-C30 (p = 0.002) and QLQ-LC13 at six months (p =0.019).
Not surprisingly, length of hospital stay (LOS) was positively associated with dyspnoea from both
QLQ-C30 and QLQ-LC13 (p = 0.026 and p <0.001, respectively) [165]. Lastly, the study
highlighted that %FEV; was a strong predictor of many components in functioning and symptoms

scales and dyspnoea.

However, the above studies involved limited baseline and perioperative data, whereas other
factors can be included to answer the research question better. For example, the latter study [163]
assessed only respiratory rate, comorbidities and performance status along with QoL in the
analysis. At the same time, other factors, such as lung function and BMI are essential in the

assessment of postoperative HRQOL dyspnoea.
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Other research was conducted on 252 palliative care patients to identify dyspnoea predictors using
ESAS scores. The study noted that lymph node metastasis (p <0.01), a history of the respiratory
condition (p = 0.04) and pulse oximetry <90 (p <0.001) were predictors of moderate/ severe
dyspnoea over time [166]. Again, the study suffered from the diversity of cancer types and did
not concentrate on one type. Similar to the studies above, the study did not assess other vital
factors, such as lung function, in determining predictors of dyspnoea. Despite the controversy
surrounding lung function tests' role as predictors of dyspnoea [22-24, 26, 125], they should be
evaluated to have a comprehensive picture. Table 1.5 summarises various factors assessed in

predicting postoperative dyspnoea in the literature.
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Table 1.5 Summary of studies identified predictors of dyspnoea.

Author and year | Dyspnoea measure | Time frame for | Predictors assessed | Number of Statistical Factors with statistically
dyspnoea patients Method significant associations
measure

Dudgeon et al. 1- Visual analogue Lung radiation, 923 patients Stepwise Lung radiation, p = 0.002
2001 scale (VAS) with NA COPD, Asthma, with different | logistic COPD, p=0.019
[94] 100 mm Smoking. cancer types | regression Asthma, p =0.001
2- Verbal rating modelling Smoking, p = 0.003
scale for dyspnoea
(VRS-D) graded as:
none, mild,
moderate, severe,
horrible.
Tanaka et al. Cancer Dyspnoea NA Psychological 171 Univariate Psychological stress,
2002 Scale (CDS) stress, anxiety, outpatients Pearson coefficient = 0.29, p <0.01
[167] pain, cough, with correlation. Organic cause, coefficient =
organic causes advanced Stepwise 3.55, p <0.01
lung cancer backward Cough, coefficient = 2.09,
Multiple p <0.01
regression Pain, coefficient = 1.39,
analysis p=0.04
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Sarna et al. modified version of | Within the past Sex, current 142 disease- | Multivariate Number of comorbidities,
2004 the Division of year smoking, free patients | logistic OR=1.38,p=0.03
[168] Lung Disease ventilatory who had regression Ventilatory abnormality,
American Thoracic abnormality NSCLC analysis OR =3.46, p <0.01
Society (ATS) (obstructive and
questionnaire restrictive
spirometry),
number of
comorbidity and
bronchodilator use
Feinstein et al. 1- Preoperative Postoperative Age, sex, 342 patients Bivariate Preoperative dyspnoea, OR
2010 dyspnoea (yes/no) | dyspnoea employment, with disease- | Pearson =5.31,p <0.01.
[169] 2- Baseline measured 1-6 education, free, stage I, correlation Preoperative DLCO, OR =
Dyspnoea Index years post- preoperative non-small cell | and 0.98, p <0.01
(BDI) measured surgery (current | dyspnoea, lung cancer Multivariate Any moderate/ strenuous
postoperatively dyspnoea) preoperative logistic physical activity (current),
%FEV], regression OR =0.41, p <0.01.
preoperative analysis

DLCO, presence of

lung disease,
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smoking, current

physical activity

Sterzi et al. EORTC QLQ-C30 | 5 years following | Age, sex, 67 lung Student t test dyspnoea was significantly
2013 and LC13 surgery education, COPD, | cancer And analysis of | different between age
[170] (No baseline cardiovascular patients with | variance groups (age: >70 and <70),
dyspnoea) disease, myocardial | surgery (ANOVA) P<0.05
infarction, type of dyspnoea in male vs female
surgery, %FEV1, (15.2 vs 20.4, respectively),
FEV1, %FVC, p<0.1.
FVC. dyspnoea in %FEV| 1
quartile vs >1 quartile (41 vs
21.6, respectively),
p<0.1.
Ekstrom et al. Numerical rating of | Breathlessness Gender, age, KPS, 12,778 multivariate Male, p =0.02
2016 breathlessness (0- | was measured nausea and pain Patients with | random-effects | Age, p=0.001

[171]

10)

during the seven

days before death

palliative care
(different

cancer types)

linear

regression

KPS, nausea, and pain

p <0.001
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Bubis et al. ESAS During the first Age, gender, and 729,861 Multivariable Female, OR = 0.93, p <0.05
2018 year of disease comorbidity burden | patients with | logistic Age>70,0R =1.14,
[172] diagnosis newly regression p <0.05
diagnosed High comorbidity burden,
cancer OR =1.68, p <0.05
(different
cancer types)

Marzorati et al. EORTC QLQ-C30 | Baseline, 1,4, 8, | age, gender, clinical | 176 lung Individual Association with dyspnoea
2020 and 12 months perioperative cancer growth curve at 1st month post operation:
[128] after surgery. complications, and | patients (IGC) models. | Baseline dyspnoea,

type of surgery underwent coefficient = 0.42, p <0.001
lobectomy perioperative complications,
coefficient = 9.41, p <0.01
Matsunuma et al. | Dyspnoea was 7 days after Age, gender, 1159 Univariate and | Primary lung cancer, OR =
2022 classified into 3 hospital smoking, primary | terminally ill | multivariate 2.8, p=0.002
[173] levels: no admission, (No lung cancer, COPD, | cancer logistic KPS <40,0R=1.84,p=
dyspnoea, baseline pain, pleural patients regression 0.04
dyspnoea only dyspnoea) effusion, ascites, (different analyses Ascites, OR =2.34,p =

during exertion,

KPS score

cancer types)

0.002
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and dyspnoea at

rest.
Lin et al. EORTC QLQ-C30 | Baseline, 3, 6,9, | Age, gender, 53 lung Generalised Marital status, coefficient =
2022 And LC13 and 12 months marital status, cancer estimating 12.9, p <0.05
[107] after surgery employment, patients with | equation Smoking, coefficient = 12.3,
smoking, alcohol VATS models (GEE) | p <0.01

consumption,
history of cancer

and lobectomy
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There were different factors implicated in predicting dyspnoea in the studies described above. Most
of the studies on lung cancer included a relatively smaller number of patients and a somewhat limited
number of factors. It has been noted that some previous studies have had inconsistent results; for
example, some studies have indicated that age is a good predictor for dyspnoea in cancer patients
[170-172], while others have not [107, 128, 169, 173]. Moreover, smoking has been shown to predict
postoperative dyspnoea in some previous research [94, 107], whereas others have not [168, 169, 173].
All of the studies summarised above (Table 1.5) have produced inconsistent results, which can be
attributed to limited factors in their studies or the focus on different cohorts besides lung cancer
patients. Besides, it is necessary to define predictors of dyspnoea using a large sample and
investigating various demographic and perioperative factors that have been shown to impact a

patient's dyspnoea.

The value of using EORTC QLQ-C30 and LC13 was discussed previously (Section 1.7.3.5. and
1.7.3.6). In addition, Pompili et al. defined EORTC QLQ-C30 and LC13 as “The Instrument of
choice” for measuring the quality of life in the context of thoracic surgery due to its detailed analysis

of particular symptoms and disease specificity in its validation [156].

The dyspnoea scale from EORTC QLQ-C30 has been selected as the primary outcome measure in

the presented thesis.
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1.8.2 Predictors of Global Health
The quality of life declines more in lung cancer patients than in other cancers and conditions
[174]. Recently, there has been a growing interest in the quality of life following lung resection
[101]. The assessment of a patient's QoL should be conducted using a validated instrument to
optimise the delivery of care and improve the patient's health outcomes [13]. When attempting to
predict surgery risks and suitability, clinicians rarely consider QoL [175] and cancer treatment

benefits must be weighed against side effects and potential impairments in quality of life [101].

A recent influx of literature offers contradictory conclusions about predictors of postoperative
HRQOL. In the assessment of lung function, Brunelli et al. conducted prospective research on
156 subjects and measured QoL using SF-36 at baseline, one, and three months following the
intervention. The study revealed that patients who underwent lung cancer resection had a worse
QoL at one month following lung surgery compared to baseline levels (p<0.001) [27]. It was
found that preoperative FEV; or DLCO did not correlate with QoL (r = 0.2, p = 0.9, and 0.8,
respectively). The study also demonstrated that 'high-risk' patients (as defined by ppoFEV1% and
ppoDLCO% <40%) could undertake lung resection safely and have acceptable QoL values after
surgery. There was no difference between the QoL scores from the high-risk group (n=12) and
their low-risk group counterparts at three months (p=0.3). Additionally, Ilonen et al. examined
associates with QoL measured by 15-D tool in 53 patients with NSCLC who underwent
lobectomy or bilobectomy. The authors found a reduction in QoL breathing (p = 0.003) and total
score of QoL (p = 0.028) between those with %FEV| <70 (n=13) and %FEV >70% (n=30) at 3,
12, and 24 months after surgery [28]. In contrast, earlier studies assessed predictors of quality of
life by SF-36 6 months following lung cancer surgery in 139 patients. They found that baseline
DLCO but not FEV predicted poor postoperative QoL. Age, 6-minute walk test, cancer stage,

induction chemotherapy, adjuvant therapy, the extent of surgery, and postoperative complications
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were not associated with poor QoL [125]. Other studies agreed with the previous results that FEV;
[11, 176-178] and ppoFEV; [179] were not associated with postoperative QoL. While some
studies demonstrated that DLCO predicted postoperative QoL [11, 125], others found no
association between DLCO and postoperative QoL [27]. In terms of smoking, previous studies
have shown conflicts in the association between smoking and QoL [104, 107, 177]. In addition, a
similar study found no association between smoking habits and postoperative global health
measured in 53 patients after treatment [107]. A previous study evaluated modifiable factors
associated with the global health of EORTC QLQ-C30 measured 12 months after treatment in 75
lung cancer patients and found that smoking was not associated with post-treatment global health
[177]. This can be due to the limited sample size in the previous studies. In contrast, other research
revealed an association between smoking and QoL in lung cancer patients [180]. Additionally,
age and gender were not associated with QoL in several studies [104, 107, 176, 177]. Researchers
consistently report that residual quality of life is adversely affected by the extent of lung surgery
[27, 181, 182]. Schulte and colleagues reported that pain, function, role functioning, global health,
and general health scales clinically significantly improved three months postoperatively after
lobectomy compared to pneumonectomy [181]. Previous studies noted that baseline global health
was associated with postoperative QoL [128, 179]. Other studies found no significant association
between tumour stage or adjuvant therapy and postoperative global health [170, 182]. Moreover,
postoperative complications [182] and comorbidity scores [183] have been shown to affect
postoperative quality of life. However, there has been little comprehensive evaluation of the
factors associated with postoperative QoL, and most studies have used small samples [28, 183]
or assessed relatively limited factors [125, 182]. This thesis will employ a wide range of baseline
and perioperative factors to define predictors of postoperative global health in lung cancer

patients.
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1.9 Quantitative Computed Tomography of emphysema

1.9.1 Computed Tomography

Computed tomography (CT) is a non-invasive radiation imaging tool for assessing structural and
pathophysiological abnormalities, leading to a deeper understanding of COPD disease and its
classifications [184, 185]. Although CT scan is known for its radiation risks, it is a valuable tool in

diagnosis and research.

High-resolution CT (HRCT) is a method for evaluating emphysema in vivo and owing to its high
spatial resolution, it is a favourable tool for detecting small patches of emphysema visually [186].
Pulmonary emphysema can be assessed visually or through quantitative techniques such as CT

density analyses [187].

Visual grading of emphysema using CT scans was the basis for detecting and classifying structural
abnormality of the lungs [5] before introducing sophisticated software for emphysema quantification.
Emphysema is recognised as low attenuation areas with hypo-vascularity [188]. Several techniques
are applied in visual scoring, and one of the most common techniques is the modified Goddard system
[188]. This scoring system involves four grades starting with zero for the lung scans with no
visualised abnormality and ending with 4 for complete emphysema involvement and absence of
normal structure [188]. However, The principal limitations of this approach are that it is time-
consuming and exhibits an inter and intra-observer variability that increases with emphysema severity
[187]. Moreover, Miller et al. noted that small emphysema lesions, less than 5 mm, are difficult to

detect [189]. Hence, objective approaches for emphysema detection are highly beneficial.
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1.9.2 CT densitometry

CT densitometry is a technique for measuring radiation attenuation through the lungs by means of
technological and methodological tools [190]. X-ray photons emitted may pass, be scattered by a
structure or be absorbed to different extents depending on the beam's energy and the structure's
characteristics, and this absorption is termed attenuation [191]. Figure 1.8 represents the process of
CT scan acquisition. In CT scan, radiation beam attenuation is measured, and radiodensity is
expressed by a unit called Hounsfield unit (HU), where 1000 HU represents bone density, whereas

-1000 represents air [192] (Figure 1.9).
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Figure 1.8 Image acquisition process of CT scan.
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X-ray photons that pass through the patient reach the detectors. Then a number of processes occur
until they are converted into digital format to create an image with different density levels [191]. The
data from each CT slice is divided into sections. These sections are 2D squares called pixels that
contain Hounsfield unit value, and a 3D volume element is a voxel [191]. A CT image on the monitor
is a combination of thousands of pixels [191]. Objects shown on CT scan images are presented by
different shades of grey; for example, white areas in the CT images represent those objects that

completely absorb X-ray photons and vice versa [191].
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Figure 1.9 Relative density ranges of CT scan in Hounsfield Units (HU) for different structures
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1.9.3 CT densitometry for emphysema

At first, basic emphysema quantification was employed using a visual scoring system [188]. Then
objective quantification was developed, and two main techniques were used. One method is where
the low attenuation percentage (%LAA) is calculated by applying a density mask to lung parenchyma
below a threshold, which indicates emphysema. The threshold of -950 and -910 HU are frequently
used; while the former has shown a strong association with microscopic and macroscopic emphysema
[193, 194], the latter was initially used and showed a high correlation with pathologic measures of
emphysema [195]. The emphysema severity can be read by calculating the percentage of low
attenuation area (%LAA) for a particular density threshold under the histogram curve [196] or
through the percentile density. The 15" percentile (PD15) is commonly utilised, a point under the
curve with a set HU threshold below which 15% of the lowest density voxels are distributed [196-
198]. Also, the PD15 of the threshold -950 HU was found to have a significant correlation with FEV

[199]. An example of a lung density histogram is represented in Figure 1.10.
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Figure 1.10 An example demonstrating lung density histogram using 15" percentile at the thresholds -950
and -910 HU

1.9.3.1 CT densitometry and dyspnoea

CT densitometry for pulmonary emphysema has been associated with increased dyspnoea [200-202].
The COPDGene trial (2012) included 10192 current and ex-smokers with comprehensive clinical
data and baseline CT; almost 50% of their cohort suffered from COPD. In a subset analysis of 1200
individuals, they investigated the relationship between quantitative CT of emphysema and dyspnoea
along with other measures, such as body mass index, airflow obstruction, dyspnoea, and exercise

capacity (BODE index). They noted that quantitative CT emphysema (%LAA-950) had significantly
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influenced the BODE index (regression coefficient 1.23, 95% CI; 1.20-1.26) [202]. In comparison,
another study investigated the relationship between dyspnoea measured by MRC and quantitative
%LAA emphysema on CT using -950, -910 and -856 HU [203]. In the study, %LAA -950 HU was
an independent factor to dyspnoea, whereas other thresholds were not (OR 1.87, 95% CI; 1.52 - 2.31)
[203]. National Emphysema Treatment Trial (NETT), a widely-cited randomised controlled trial,
investigated gender differences in severe emphysema involving 1053 patients and measured %LAA
-910 HU on QCT [204]. The authors measured dyspnoea using the University of California, San
Diego Shortness of Breath Questionnaire (UCSD SOBQ) and employed a modified BODE index
(mBODE). The study conducted a separate multivariate regression analysis to predict mBODE,
dyspnoea and other factors adjusted for age, sex, pack-years and %FEV and reported a significant
association between whole lung emphysema and the mBODE index but not the UCSD SOBQ
measure [204]. Another study showed a weak correlation between baseline %LAA -960 HU and
dyspnoea using modified British Medical Research Council mMRC (1 = 0.06) [205]. However, this
study involved 65 patients with stable COPD; most of the cohort were male. The results are in
agreement with previous findings that reported a weak correlation between %LAA-950 and -856 HU
with BODE index [206]. A retrospective study incorporated 350 patients who underwent lung
resection for primary lung cancer and calculated %LAA -910 HU and total lung volume (TLV) with
densities -600 - -910 HU. The study compared patients who suffered from postoperative dyspnoea
against controls and found that patients who had dyspnoea following surgery had significantly higher
%LAA/TLV [207]. However, the study was limited to the number of patients who experienced
dyspnoea which was 14 compared to 276 controls. Another limitation of this study is that the study
did not state the tool used to measure dyspnoea [207]. Overall, previous studies have not assessed
longitudinal changes in dyspnoea in lung cancer patients. Thoracic symptoms can be evaluated

longitudinally to produce comprehensive and robust results. Currently, no information is available

48



regarding whether CT emphysema is associated with EORTC QLQ-C30 dyspnoea following lung
cancer surgery. Table 1.6 summarises the studies that implemented QCT density and different

dyspnoea measurements.
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Table 1.6 Summary of studies demonstrated the relationship between QCT densitometry of emphysema and dyspnoea.

Author and CT Dyspnoea Cohort Statistical Other variables Results
year densitometry measures method studies
Camiciottoli et %LAA-950 MRC 51 patients with Univariate NA %LAA-950 vs MRC, OR =141,
al. COPD logistic P <0.005
2006 regression
[208]
Martinez et al. Whole lung 101 patients with Multivariate Adjusted for %LAA-910 vs UCSD SOBQ,
2007 %LAA-910 UCSD COPD linear age, sex, pack r’=-5.5,
[204] SOBQ regression years and P=0.2
%FEV)
Grydeland et al. %LAA-950 MRC 463 participants Multiple Adjusted for %LAA-950 vs MRC, OR =1.87,
2010 %LAA-910 with COPD ordinal logistic sex, age, P <0.05
[203] %LAA -856 488 participants regression smoking, and
without COPD

50



level of

inflation
Haruna et al. %LAA-960 mMRC 65 participants with stepwise Adjusted for %LAA-960 vs mMRC, 1?= 0.06,
2010 COPD multiple FEV1, RV/TLC P <0.05
[205] regression and other
analyses functional
measures
Martinez et al. %LAA-950 BODE 1200 patients with Univariate age, gender, %LAA-950 vs BODE,
2011 COPD zero-inflated smoking status Coefficient = 1.23,
[202] Poisson and scanner P <0.001
regression type
de Torres et al. %LAA-960 BODE 115 patients with Pearson NA %LAA-960 vs BODE, r =-0.08,
2011 mMRC COPD correlation P=0.53
[209] %LAA-960 vs mMRC, r =-0.19,

P=0.14
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Camiciottoli et %LAA -950 72 participants with Person NA %LAA -950 vs BODE, r = 0.58,
al. %LAA -910 BODE COPD correlation %LAA -910 vs BODE, r=0.67,
2012
[210]
Oelsner et al. %LAA -950 mMRC 1969 participants multivariable Adjusted for %LAA -950 vs mMRC,
2015 without logistic age, sex, BMI, Wald X?=17.07,
[211] cardiopulmonary regression physical P=0.008
diseasr activity,
1796 participants anxiety, and leg
without dyspnoea, pain
173 participants
with dyspnoea
Nambu et al. %LAA-950 BODE 188 current and Univariate NA In the univariate regression:
2016 %LAA -856 former smokers Multivariate %LAA -950 vs BODE, r’=0.29,
[206] P <0.001
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Linear %LAA -856 vs BODE, r*= 0.35,
regression P0.35
Cui et al. %LAA-950 mMRC 124 patients with Comparison NA %LAA-950>9.99, mMRC =23
2017 COPD vs %LAA-950 <9.9, mMRC = 1.6
[212] P<0.001
Yasui et al. %LAA-950 mMRC 42 patients with Spearman NA %LAA-950 vs mMRC, r = 0.29,
2019 COPD correlation P=0.06
[213]
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The above studies focused on measuring dyspnoea using MRC or other metrics, such as the BODE

index that measures dyspnoea combined with other measures to assess COPD exacerbations.

To our knowledge, no studies have investigated the association between QCT emphysema
measurements and dyspnoea scores measured by EORTC QLQ-C30. This tool is a validated cancer-
specific tool, and its greater sensitivity to detect changes in cancer patients [214] makes it attractive
to implement in the thoracic surgery setting. Pompili et al. concluded that EORTC should be
considered in thoracic surgery due to its thorough assessment of lung cancer-specific symptoms [156].
To our knowledge, there is a current lack of studies investigating the role of QCT in predicting the
long-term effect of surgery on lung cancer patients’ dyspnoea. Consequently, examining the

relationship between QCT measures and dyspnoea using EORTC QLQ-C30 is vital.
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1.9.3.2 CT densitometry and Quality of life (QoL)

Previous studies have shown a significant association between QoL measures and QCT of
emphysema. Several studies assessed the connection between QCT emphysema and QoL using St.
George Respiratory Questionnaire (SGRQ) in COPD participants with a smoking history and found
that SGRQ was associated with %LAA-950 [201, 215]. The COPDGene study analysed 8034 CT
scans using %LAA-910 and %LAA-856 to define their association with a variety of factors involving
QoL measured by SGRQ. The study found that there is a significant relationship between %LAA-
910 and SGRQ (regression coefficient 0.19, 95% CI; 0.16 — 0.22) and %LAA-856 and SGRQ
(regression coefficient 0.28, 95% CI; 0.25-0.31) adjusted for %FEV1, age, sex, race, BMI, smoking
information, CT scanner type, and CT airway wall thickness [216]. However, this study focused on
baseline QoL only as their cohort were only current or former smokers without therapeutic
interventions. Another study investigated the role of regional emphysema measures in predicting
overall survival, QoL, and pulmonary function recovery in 1,073 patients with early-stage lung
cancer. QoL was measured within two years post-surgery using Lung Cancer Symptom Scales
(LCSS) while regional emphysema scores were assessed using %LAA-950 for six lung zones, and
regional emphysema scores were divided into mild (<5%), moderate (6%-24%), and severe (25%-
60%). The patients were divided into groups according to the tumour location: lung cancer in the
emphysema region with surgery, lung cancer in the non-emphysema region with surgery, and lung
cancer without surgery treatment. There was no significant difference in QoL between the three
groups [217]. However, the study only collected the survey postoperatively and did not collect
baseline surveys to determine the difference in QoL after an intervention. COPDGene study noted an
association between %LAA-950 and SGRQ quality of life in a subset study of 1200 COPD patients
[202]. Similarly, Gietema et al. [215] found that %LAA-950 was associated with SGRQ quality of

life in 1778 COPD cases. To the best of our knowledge, there has been no study investigated the
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relationship between QCT emphysema measurements and lung cancer patients' EORTC QLQ-C30
global health scores. Therefore, our research investigated the relationship between QCT emphysema

and global health in the lung cancer cohort.

1.10 Quantitative Computed Tomography of Body Composition

1.10.1 Overview

The impact of sarcopenia on lung cancer patients has been reviewed (Section 1.5). In radiographic
imaging, muscles can be quantified objectively, known as body composition analysis [218]. CT offers
a new lens for evaluating skeletal muscles in vivo, incorporating the quantification area, volume, and
attenuation of specific tissue [219]. CT scan images are acquired as part of routine care, and body
composition is analysed on these images to leverage existing information without exposing patients
to additional tests or radiation [220]. CT-based body composition analysis allows radiologists to
derive additional information from images acquired for tumour staging, surgical planning, and
treatment monitoring in patients with lung cancer [221]. The significance of body composition as a
marker of skeletal muscle dysfunction is increasingly recognised. The use of CT to measure the body
composition of different muscle types in interventional cardiology, intensive care, and oncology has

been investigated previously [221-224].

Nevertheless, a literature search revealed very few studies evaluating the impact of CT-based body
composition on quality of life and dyspnoea in lung cancer patients. Most of these studies assessed
multiple cancer cohorts simultaneously rather than focusing exclusively on patients with lung cancer.
Furthermore, these studies demonstrated inconsistent findings between muscle measurements and

HRQOL (Section 1.5.2) [85-87, 225, 226].
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1.10.2 QCT of pectoralis muscles

Pectoralis muscle area, index and density have been investigated in different fields. A well-recognised
study (COPDGene) assessed the pectoralis muscle area (PMA) on CT in 484 COPD cases and 484
healthy controls. They indicated significantly reduced pectoralis area in COPD patients compared
with the controls. The study found that PMA was associated with the GOLD stage of the disease and
the functional disease markers, including the BODE index, MRC dyspnoea score and 6MWD [79].
Similarly, Kinsey and colleagues prospectively assessed PMA on CT scans in 252 NSCLC cases and
found that lower PMA was linked with a higher hazard of death by 2%. The authors also highlighted

that PMA was independently associated with age and BMI [77].

In contrast, Bak et al. evaluated PMA and pectoralis muscle density (PMD) in 222 participants with
COPD. Based on PMA (cm?) or PMD (HU), participants were categorised into three tertiles: tertiles
1 (lowest), 2, and 3 (highest). They found that PMA was significantly associated with the CAT score
(p = 0.03) but not the mMRC score, whereas PMD was not associated with either factor. There were
no associations between PMA or PMD and changes in FEV for three years [78]. The researchers
imply that these measures can help predict disease severity but not longitudinal changes in lung
function [78]. Another large study measured PMA in 1696 participants who underwent CT lung
cancer screening and found that lower PMA was associated with lung cancer development [227].
These studies, however, used pectoralis muscle area but not index in their analysis, and some of them

have not used a cut-off or stratifications in muscle measurements to define low pectoralis muscles.

Inversely, Miller and colleagues employed different approaches and separately measured pectoralis
muscle index (PMI) and erector spinae index (ESMI) in 299 patients with lobectomy. The researchers
reported that ESMI and PMI were not associated with all complications, ICU stay, or readmission.
However, ESMI was significantly associated with 30-day mortality (p = 0.03) and length of hospital

stay (p = 0.01) but not PMI [71]. Nevertheless, this study was limited to the lack of defining
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sarcopenic patients as there was no cut-off value or group stratification for determining low muscle
measurement. On the contrary, a recent study investigated the pulmonary and extra-pulmonary
features of 193 COPD patients. The authors assessed PMI and ESMI and demonstrated that PMI, but
not ESMI, was associated with low physical activity scores [228]. However, there was no

stratification for low PMI or ESMI. The authors stratified the patients based on CAT scores only.

There has been heterogeneity in the approach used by previous researchers to measure pectoralis
muscle. In addition, we noted no assessment of the association between low pectoralis muscle and
HRQOL in lung cancer surgery patients. In addition, pectoralis muscle measurement is easy to
perform. It can be acquired from a wide range of CT scans where abdominal scans are unavailable,
such as lung cancer screening cohort [229]. Therefore, the presented study aims to investigate the
association between pectoralis muscle and postoperative dyspnoea and quality of life after lung cancer
surgery. A summary of the methodology implemented for measuring pectoralis muscle on CT scan is

summarised below (Table 1.7)

1.10.3 QCT of Erector spinae muscles

Previous studies assessed the impact of ESM wasting and postoperative outcomes in different cohorts
and revealed conflicting conclusions [71, 228]. A study was conducted on 3705 smokers without
airflow obstruction and measured CT-based PMA and erector spinae muscle area (ESMA). They
found that PMA but not ESMA was associated with increased mortality [229]. Similarly, another
study evaluated 117 COPD candidates for lung volume reduction procedures. They indicated that
PMA was positively associated with FEV1, FVC, DLCO, and FEV/FVC ratio and was negatively

associated with emphysema scoring. However, ESMA was positively associated with DLCO and
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negatively associated with the radiographic severity of emphysema. Moreover, lower PMA but not

lower ESMA was associated with mortality [230].

Yet, these results were inconsistent with other studies that highlighted the impact of low ESM on the
outcomes of different cohorts, including lung cancer patients. In contrast to the above studies,
previous research investigated the effect of low PMA, PMD, ESMA and erector spinae muscle density
(ESMD) on 199 patients with idiopathic pulmonary fibrosis. They revealed that only ESMA was
significantly associated with all-cause mortality but not PMA, PMD or ESMD [231]. In agreement
with that, Takamori et al. stated that lower ESMA was an independent prognostic factor for short
disease-free survival (p = 0.01) and overall survival (p =0.007) in 101 patients with NSCLC patients
with lung resection [232]. Notably, the authors observed that poor performance status and poor FEV;
(<70%) were independent risk factors for ESM loss [232]. Likewise, Tanimura and colleagues
investigated ESMA's impact on 130 male COPD patients. Their Cox proportional hazard model
revealed that ESMA was the strongest risk factor for mortality. However, the authors reported that
ESMA was significantly but moderately correlated with BMI, dyspnoea (mMRC), QoL (SGRQ),
DLCO and CT emphysema (%LAA<-960 HU) [233]. The results were limited, however, by
measuring ESM from male patients only. Overall, there was a discrepancy between the approaches,
cohorts, and results of the studies described above. Also, there is a lack of information concerning the
association between ESM and QoL following lung cancer surgery. The approaches used in measuring

ESM are summarised below (Table 1.7).
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1.10.4 QCT of Psoas muscles

Previous researchers recommended measuring the psoas muscle index (PSMI) on CT at the third
lumbar level, and it was found to strongly predict the total body’s skeletal muscle mass
[234]. Kawaguchi et al. assessed sarcopenia using PSMI in 173 who had lobectomy for NSCLC. The
authors measured PSMI at L3 on CT and used cut-off values of 3.7 (cm?m?) for male and 2.5
(cm?m?) for female participants. The results demonstrated that postoperative complications were
more prevalent in patients with sarcopenia than those without (62.5% vs. 22.7%). In addition, the 5-
year survival rate was 39.8% lower in patients with sarcopenia than those without sarcopenia [235].
Nakamura et al. confirmed these findings and demonstrated that sarcopenia in psoas muscles was
associated with major postoperative complications and prognosis in a cohort of 328 patients with
NSCLC who underwent curative resection [236]. Another study assessed sarcopenia by measuring
psoas muscle in 391 NSCLC with lung resection and found that sarcopenia was associated with poor
overall survival and shortened disease-free survival [237]. However, a comparison of sarcopenic and
nonsarcopenic patients did not reveal any differences in the incidence of postoperative complications
[237]. Their results, however, were based on the measurement of the psoas muscle index only, without
considering other parameters. This result was also supported by Nakada and colleagues, who
demonstrated that sarcopenia measured on the psoas muscle was not associated with postoperative
complications in 173 NSCLC patients with lobectomy (p = 0.7). In addition, they indicated that
sarcopenia was not associated with disease-free survival [238]. Despite the results being in agreement
with recent results [239, 240], the analysis did not take into account emphysema, an essential measure

in the lung cancer population.

Previous studies on sarcopenia in lung cancer patients have only focused on its relationship with

overall survival, disease-free survival, and postoperative complications and pay little attention to
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patients’ dyspnoea or global health measured on PRO. Table 1.7 summarises the methods employed

to measure psoas muscles.

1.10.5 QCT of Skeletal muscles

Research has demonstrated that the cross-sectional area of skeletal muscles (SMA) at the level of the
third lumbar vertebra (L3) on axial CT scans is an accurate indicator of total body mass [241].
Although other studies have investigated whether the T4 vertebral level could serve as an alternative
to the L3 level, the results have demonstrated that the T4 level cannot effectively replace the L3 level
[242]. Nonetheless, some patients may not necessarily undergo an abdominal CT scan as part of their

routine clinical examinations.

Skeletal muscle index (SMI) has been used as a surrogate for sarcopenia in several studies, and it is
calculated by dividing SMA by height? [243, 244]. It has been shown that sarcopenia measured by
L3SMI is associated with clinical outcomes, including survival and hospital length of stay, in various
patient populations, including NSCLC patients [245, 246]. In contrast, Halpern et al. have identified
no relationship between sarcopenia of L3SMI and survival after lung transplantation [244].
Furthermore, the authors concluded that sarcopenia was not predictive of patients' postoperative
outcomes related to hospital length of stay, readmission, complications, or discharge destination
[244]. This study was limited, however, by the inclusion of heterogeneous thoracic diseases that may
result in varying degrees of muscle wasting. In addition, Stene et al. reported that skeletal muscle
mass change, rather than baseline sarcopenia, was a significant predictor of response to chemotherapy
in patients with NSCLC [247]. It should be noted, however, that their conclusions were based on a

small sample size, limiting the power of survival analysis.
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It was noted that there was a significant variation in the approaches used by these studies, particularly
in the choice of the measurement levels for skeletal muscle and the cut-offs for defining sarcopenia.
For instance, Stene et al. have chosen the cut-off values established by Prado et al., which is
summarised in Table 1.7 [243, 247]. This cutoff value, however, was derived from obese individuals
without taking into account data from normal or low-BMI individuals. Therefore, applying these
cutoff values to subjects with different BMIs may not be appropriate. Martin et al. proposed
alternative sarcopenia thresholds based on a study of 1473 lung and gastrointestinal cancer patients.
Compared with previous methods, these thresholds offer a more inclusive approach, encompassing a
range of BMI categories [221]. This method may aid in identifying muscle loss in cancer patients
more precisely. Muscle depletion can negatively impact health, and individuals with higher BMIs
may experience muscle loss that is not immediately evident [221]. Hence, the author has employed
these cut-offs in the present study. Table 1.7 illustrates the methods used in the literature for skeletal

muscles.
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Table 1.7 Summary of methodologies employed in CT body composition analysis in the literature.

Author Cohort Type of Anatomical level Method of analysis Cut-off value for Measurement
Year muscle and density and software used sarcopenia
measured threshold
Pectoralis and/or erector spinae muscles:
McDonald et 482 patients PMA (cm?). On a single axial manually shaded No cut-off PMA was measured by the
al. with COPD slice under density sum of major and minor
(COPDGene) threshold: Use sex-stratified muscles
2013 And 482 The first axial slice analysis
[79] controls above the Aortic (-50 to 90 HU)
arch
Software:
in-house software
Kinsey et al. 252 NSCLC PMA On a single axial PMA was measured by the
2017 patients (cm?). slice Manual tracing under sum of major and minor
[77] thresholds: PMA 50t muscles
The first axial slice Percentile
above the Aortic (-50 to 90 HU)
arch
Software:
3D slicer
Miller et al. 299 patients PMI On a single axial manually shaded Used as The muscles’ area was
2018 with lobectomy (cm?/m?) slice continuous normalised to height
[71] variable
PMI: 1 cm within Software: the AW (cm?/m?)
ESMI sternoclavicular Server 3.2 Not cut-off or
joint Workstation 3D stratification
(cm¥m?) volume viewer

ESMI: T12 level

(General Electric
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Healthcare Inc.,
Chicago USA).

Bak et al. 222 patients PMA (cm?) On a single axial By manual tracing PMA and PMD | PMA was measured by the
2019 with COPD slice sum of major and minor
[78] Density use: mean were categorised muscles

PMD (HU) just above the attenuation in area of into tertiles
aortic arch interest
(high, medium,
Software: in-house and low)
software
Gazourian et | 1696 subjects | PMA (mm?) On a single axial Bilateral manual 25" Percentile of | PMA was measured by the
al. with lung slice segmentation PMA sum of major and minor
2020 cancer muscles
[227] screening just above the Software:
aortic arch 3D slicer
(Chest imaging
platform)

Sun et al. 120 NSCLC PMI On a single axial | Manual tracing under PMA was measured then
2020 patients with slice thresholds: Lowest gender- PMI was normalised to
[248] surgery (mm?/m?) specific tertile height

at the level of T4 (-50 to 90 HU)
(mm>*m?)
Software:
SYNAPSE
VINCENT (Fujifilm
Medical, Tokyo,
Japan)
Zhang et al. 163 NSCLC PMI On a single axial Manual tracing Cut-off was set to The muscles’ area was
2021 patients with (cm?/m?) slice the lowest tertile normalised to height
[249] lobectomy Software:




PMD just above the aortic | Picture Archiving and and separated (cm?/m?)
(HU) arch Communication based on gender
System (PACS) PMD was calculated as:
software
PMD = the sum of (PMA x
PMD for each muscle)
/total pectoralis muscle
area (HU)
Hamakawa 193 COPD PMI On a single axial NA The muscles’ area was
et al. participants (cm¥m?) slice Manual segmentation normalised to height
2022 PMI: just above the Using threshold:
[228] ESMI aortic arch (-29 to 150 HU) (cm?/m?)
(cm?/m?)
ESMI: lower Software:
margin of T12 Image J (Fiji)
software
Maetani et 310 current PMA On a single axial | Manual tracing under NA NA
al. smokers with (cm?) slice thresholds:
2023 air flow PMLI: first axial slice
[250] limitation ESMA above the aortic (-50 to 90 HU)
(cm?) arch
Software:
ESM: at the level Image J (Fij1)
of the lower margin software
of T12
Tanimura et 130 COPD On a single axial manually shaded NA
al. male patients slice mean -1 SD,
2016
[233] PMA and mean - 2 SD




PMA: the first axial Software:
slice above the SYNAPSE
Aortic arch VINCENT volume
analyser (FUJIFILM
ESMA Medical Co., Ltd.,
ESMA: at the level Tokyo, Japan).
of lower margin of
T12
Asakura et 260 with ESMA at the level of lower Manual tracing Mean — 1 SD for The sum of right and left
al. mycobacterium margin of T12 each gender ESM
2018 Avium lung Software:
[251] disease commercially
available workstation
(AZE Virtual Place,
AZE, Tokyo, Japan)
Takamori et 101 NSCLC ESM At the level of T12 | Manual tracing under ESM ESMI was calculated by:
al. patients with | post/pre ratio threshold (-29 to 150 | Post/pre ratio <0.9
2018 lung surgery HU) ESMA/height squared.
[232] (cm?/m?)
Software: (cm?/m?)
OsiriX software (32-
bit, version 5.8; ESM post/pre ratio:
OsiriX, Geneva, postoperative ESMI
Switzerland) /baseline ESMI
Yoshikawa et | 588 survivors ESMI at the level of lower manually shaded 75% 50" and 25" | ESMA was calculated as
al. with pneumonia margin of T12 percentile of the sum of right and left
2021 ESMI ESM
[252] 101 Non- Software: (cm?)
survivors
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SYNAPSE
VINCENT volume
analyser (FUJIFILM
Medical Co., Ltd.,
Tokyo, Japan).

ESMI was adjusted to
body surface area

Psoas muscles:

Dolan et al. 163 patients Total psoas L3 vertebra with By manual tracing 524 mm? / m? for The PSMI (mm?):
2019 with colorectal index transverse processes males aggregating muscles area
[253] cancer surgery (PSMI) were maximally Software:

(mm?/ m?). viewed 385 mm?/ m? for | PSMA was standardised
Picture Archiving females for patient height for total
and Communication psoas index (PSMI):
System (PACS)
software PSMA (mm?)/height (m?).
Nakada et al. 173 NSCLC PSMI L3 vertebra By manual shading aggregating muscles area
2019 patients with (cm?/m?) Median-1 SD
[238] lobectomy Software: 4.61 cm?/m? for PSMA was standardised
SYNAPSE men for patient height for total
VINCENT volume 3.26 cm?/m? for psoas index (PSMI):
analyser (FUJIFILM women.
Medical Co., Ltd., PSMA (cm?)/height (m?).
Tokyo, Japan).

Ozeki et al. 165 patients PSMI umbilical level By manual tracing NA aggregating muscles area

2020 with lung (cm?/m?)
[254] squamous Software: PSMA was standardised
cell carcinoma Picture Archive and for patient height for total
Communication psoas index (PSMI):
556 lung System
adenocarcinoma PSMA (cm?)/height (m?).
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patients with

surgery
Shinohara et 391 NSCLC PSMI At the level of By manual tracing aggregating muscles area
al. patients with (cm?*/m?) caudal end of L3 6.36 cm?/m?
2020 lung resection vertebra Software: for men PSMA was standardised
[237] volume-analysing for patient height for total
software (Advantage | 3.92 cm?/m? for psoas index (PSMI ):
Workstation 4.3; GE women
Healthcare). PSMA (cm?)/height (m?).

Miura et al. 259 NSCLC PSMI L3 vertebra By manual tracing 6.36 cm?/m? for aggregating muscles area
2021 patients with (cm?/m?) men
[240] lung resection Software: PSMA was standardised

NA 3.92 cm?/m? for | for patient height for total
women psoas index (PSMI):
PSMA (cm?)/height (m?).

Ozeki et al. | 78 patients with PSMI L3 vertebra NA NA PMI (%) = PMA (cm?)/
2021 surgery for (cm?/m?) [height (m?) x 8.85 (in
[255] suspected stage Software: men) or 5.77(in women)]|

INSCLC NA
Skeletal muscles:

Prado et al. 2115 patients SMI L3 vertebra under CT density SMA: cross-sectional area
2008 with respiratory (cm?/m?) threshold: 52-4 cm?/m? for (cm?) of the sum of all
[243] tract or male measured muscles (psoas,

gastrointestinal (-29 to 150 HU) erector spinae, quadratus
tumours 385 cm?*/m? for lumborum, and abdominal

Software:

Slice-O-matic
software, version 4.3

female

wall muscles)
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SMI: obtained by
normalising SMA for

height (m?).
Martin et al. 1473 patients SMI L3 vertebra under CT density Using BMI and SMI: obtained by
2013 with lung or (cm?*/m?) threshold: gender specific normalising SMA for
[221] gastrointestinal cut-off: for height (m?).
cancer (-29 to 150 HU) underweight and
normal weight
Software: men:
Slice-O-matic 43 cm?/m?
Software V 4.3
(Tomovision, Magog, | For overweight
Canada and obese men:
53 cm?/m?
For all women:
<41 cm?*/m?
Blauwhoft- 241 patients SMI L3 vertebra under CT density 55 cm?/m? for SMI: obtained by
Buskermolen | with advanced (cm?*/m?) threshold: male normalising SMA for
etal. cancer height (m?).
2017 (-29 to 150 HU) 39 cm?*/m? for
[86] female

Software:
Slice-O-matic
Software V 5.0

(Tomovision, Magog,
Canada
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Kim et al. 272 NSCLC SMI Using two adjacent | Automatic analysis SMA: cross-sectional area
2018 patients with (cm?*/m?) CT scans extending under CT density 55 cm?/m? for (cm?) of the sum of all
[256] surgery inferiorly from L3 threshold: male measured muscles

vertebra
(-29 to 150 HU) 39 cm?/m? for SMI: obtained by
female normalising SMA for
Software: height (m?).
(Terarecon 3.4.2.11,
San Mateo, CA,
USA)

Halpern et al. 132 patients SMI L3 vertebra Automated Using BMI and SMA: cross-sectional area
2020 with lung gender specific (cm?) of the sum of all
[244] transplants (cm¥m?) cut-off: for measured muscles

Software: underweight and
Slice-O-matic normal weight SMI: obtained by
Software V 4.2 men: normalising SMA for
(Tomovision, Magog, 43 cm*/m? height (m?).
Canada

For overweight
and obese men:
53 cm?/m?

For all women:
<41 cm?/m?
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Although CT is the gold standard for assessing body composition, consensus sarcopenia cut-offs have
only been reported for DXA and body impedance analysis (BIA) measurements [257]. There are
substantial differences in approach among CT-based studies, especially regarding different body

regions, muscle groups, radiodensity boundaries, contrast agents used, and cut-off points [219].

To the best of our knowledge, no study has investigated the impact of body composition analysis on
postoperative dyspnoea scores or global health using EORTC QLQ-C30 in patients after lung cancer
surgery. Only one study investigated the relationship between sarcopenia and quality of life in lung
cancer patients [85]. This study aimed to examine the effects of sarcopenia on the quality of life in
lung cancer patients with chemotherapy but not surgery [85]. Other studies assessed a wide range of

cancer populations rather than concentrating on lung cancer [86, 87, 258].

This thesis has examined the relationship between different muscle types and the outcomes of
patients. The pectoralis and erector spinac muscles have been assessed in the literature and have
shown a significant relationship with different outcomes of different cohorts, as well as being fast and
easy to measure. They can be acquired from thoracic CT scans, which are more frequently acquired
than abdominal scans in this cohort. The data are readily available on patient CT scans. Psoas muscles
have been evaluated as well using abdominal CT scans. There is a lack of clarity regarding the
usefulness of these measures in predicting patients' quality of life. In addition, by evaluating different
measures of sarcopenia, different results might be obtained [237]. Therefore, our study will evaluate

the predictive value or association of these muscles in QoL for patients with lung cancer resection.
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1.11 Al-based software in CT-based emphysema quantification

Artificial intelligence (AI) has become considerably an important tool in the diagnosis of COPD,
offering a promising venue for precision and efficiency in the medical practice [259]. Conventional
approaches, such as qualitative CT assessment of COPD depend heavily on subjective evaluation of
the clinicians, this may end with variability or misdiagnosis. Al-based software has provided a fully
automated and quantitative methods to the analyses of CT-based pulmonary imaging via advanced
machine learning algorithms such as convolutional neural networks (CNN), thus improving
diagnostic potential [260]. Al-based systems can identify intricate patterns on CT scans that may not
be detected by human observer, allowing for more accurate and reliable detection of emphysema
[261]. One of the major benefits of using Al-based approaches in diagnosis of COPD is its capability
to process large amount of data reducing time and providing objective evaluation of COPD [262].
One example, Al-based software can automatically quantify %LAA in thoracic CT scans.
Nevertheless, the utilisation of Al-based tools in diagnosis of COPD has a number of challenges. One

of which, the quality and the size of data employed to train Al software are important [262].

Al tools continue to advance, allowing for personalised interventions resulting on improved outcomes
for COPD. Semi-automated quantification of emphysema has been utilised for several years to
evaluate emphysema by CT density measurements. It is vital to compare Al-based emphysema
quantifications on CT scans against semi-automated emphysema quantifications to better understand
the advantages and limitations of each approach. Therefore, this thesis will examine these two

methods in lung cancer patients with emphysema.
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From the studies reviewed in this chapter, this thesis will evaluate the importance of PRO in predicting
QoL after lung cancer surgery, focusing on dyspnoea and global health. Moreover, the thesis will
evaluate the role of CT densitometry and CT-based body composition in predicting patients’ QoL,
highlighting the value of advanced imaging techniques in clinical investigations. In addition, the
thesis will compare CT semi-automated density measurements and Al-based fully automated
measurements of emphysema, emphasising advancements in imaging technologies. Building on these
aspects, this thesis aims to expand the understanding of how these factors can predict patients HRQOL

after lung cancer surgery.
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Chapter 2. Aims of the Thesis

This thesis comprehensively investigates the factors associated with HRQOL in patients with lung

cancer following surgery. In this thesis, the following aims are proposed:

Chapter 4: The primary aim will be to investigate the predictors of HRQOL of dyspnoea and global
health using the EORTC QLQ-C30 questionnaire following lung cancer surgery after six months.
Moreover, exploratory aims will be to reveal the response rates at six months and illustrate the
difference between respondents and non-respondents, to examine the trajectories of HRQOL six

months following lung cancer surgery and compare the differences between HRQOL domains.

Chapter 5: The study aim will be to assess the predictive value of QCT of emphysema (%LAA-950
and -910) using contrast-enhanced and unenhanced CT scans in predicting HRQOL of dyspnoea and
global health at six months. Further exploration aims will be to determine the differences between
contrast-enhanced and unenhanced CT scans and to evaluate the intra-observer reproducibility of CT

quantification of emphysema.

Chapter 6: The primary objective of this study will be to explore the differences between patients
with sarcopenia of pectoralis, erector spinae, psoas, and skeletal muscles in those with worsened and
recovered HRQOL of dyspnoea and global health. In addition, this thesis will examine the differences

in body composition between females and males with higher and lower BMI. In addition, this study
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will investigate the relationship between sarcopenia and lung function, and sarcopenia and

postoperative clinical outcomes.

Chapter 7: The main objective of this study will be to evaluate the variability between fully
automated emphysema quantification on CT scan using Al-based software and semi-automated
emphysema quantification using 3D slicer, an open-source software. This study will assess QCT

measures of %LAA-950, 15th Percentile, mean lung density and lung volume.
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Chapter 3. Methods

3.1 Patient reported outcomes in predicting postoperative Quality of Life

3.1.1 Study design and participants

The study is a prospective, longitudinal, single-centre study. The research protocol for this study was
approved (Research Ethics Committee reference: 10/H1208/41), where patients who underwent lung
resection at University Hospital Birmingham (UHB) NHS Foundation Trust were recruited
consecutively. Informed consent was obtained from all participants, who were asked to self-report
quality of life (QoL) measures. A variety of other data, which were not systematically collected, were

collected from the patients' medical records.

3.1.1.1 Patients’ selection

Patients who met all the following criteria were included in the study
The inclusion criteria for patients were:

e Patients aged 18 years or older.
e Patients with primary or metastatic cancer undergoing lung resection

e Patients with pulmonary function testing.

Exclusion criteria:

e Patients who could not provide written informed consent.
e Patients without lung lesions or with benign lung tumours

e Patients who had not undergone lung resection were excluded from the study.
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3.1.2 Sample size

Our sample size determination was aimed at ensuring that we would be able to detect meaningful
changes in patients' HRQOL, assessed by the EORTC QLQ-C30. Our estimation was based on an
earlier study in which 115 patients provided HRQOL data before surgery [263]. To detect an absolute
minimum difference of 5.0 points in the EORTC QLQ-C30 scale, assuming a standard deviation of
15.2 as reported in the study which derived it, with 95% power and 5% significance level (2-sided
type | error), a total of 482 participants will be needed in total. Assuming and adjusting for

approximately 35% attrition, 741 participants will need to be recruited.

3.1.3 Quality of life assessment

In order to obtain a measure of quality of life, The European Organization for Research and Treatment
Quality of Life Questionnaire (EORTC QLQ-C30) (version 3) and its Lung Cancer Specific Module
(LC13) were administered at baseline, eight weeks, and six months following surgery. Six months
represents an optimal period for capturing the most significant and stable alterations in dyspnea,
which allows a reasonable selection of a recruitment period. As a self-rating questionnaire consisting
of 30 questions, the EORTC QLQ-C30 consists of five functional scales (physical, role, emotional,
cognitive, and social) as well as nine symptoms’ scales/items (fate, nausea and vomiting, pain,
dyspnoea, insomnia, appetite loss, constipation, diarrhoea, and financial difficulties), as well as global
health status/quality of life. Additionally, EORTC QLQ-LC13 is a module specified for lung cancer

patients and consists of 13 questions assessing lung cancer symptoms and associated side effects.

EORTC questionnaire answers were rated on a four-point Likert scale and linearly transformed into
scores between 0 and 100. In general, higher functional scores indicate improved functionality.
Higher global health/quality of life score represents higher quality of life. Finally, higher symptom

scores reflect worse symptoms [147].
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3.1.3.1 Quality of life scoring

EORTC QLQ-C30 and LC13 were scored using the EORTC scoring manual [147].

For all EORTC QLQ-C30 scales, raw scores (RS) were calculated for each scale as the mean of the

component items:

Raw score = (I; + I, + -+ 1)

Then, for each functional scales, we used the following equation:

(RS—-1)
Score=1— — x 100
range

For each symptoms scales/items or global health/quality of life, we calculated the scores using the

formula:

Scores = {(RS — 1) /range} x 100

It should be noted that an item's range is defined as the difference between the maximum and
minimum possible responses; the majority of the items take values from 0 to 4, thus creating range =

3 [147].

In principle, the scoring approach for the QLQ-LC13 is the same as that used in the QLQ-C30

symptom scales / single items.

78



3.1.4 Statistical analysis
Statistical consultation and mentorship were sought from a senior statistician (RM) at The Institute
of Applied Health Research, University of Birmingham, both prior to and during the statistical

analysis phase.

3.1.4.1 Descriptive statistics
We described the data as mean + standard deviation, median + interquartile range, or numbers
(proportions), as appropriate. Our primary outcome in this study is postoperative dyspnoea at six

months, while global health is our secondary outcome.

An assessment of the normality of numeric variables (including the Quality of Life scores) was
conducted using the Shapiro-Wilk test. A one-way analysis of variance (ANOVA) was used to
compare parametric data between unpaired groups. ANOVA was employed to identify statistically
significant differences between the means of multiple groups. For the comparison of non-parametric
data between unpaired groups, Mann-Whitney U-tests or Kruskal-Wallis tests were employed.
Analyses of categorical variables were conducted using the Chi-square test or Fisher's exact test. A
p-value of <0.05 is considered statistically significant. All our statistical analyses were performed

using Stata 18.0 statistical software (Stata Co., College Station, TX) or SPSS version 29 (IBM Corp.).

3.1.4.2 Quality of life questionnaire completion rate
We calculated the proportion of completed questionnaires from those expected (excluding
withdrawals and deaths) at each time point. We used number and percentages to calculate completion

rates at each time point.

An analysis of the demographic and clinical characteristics of responders and non-responders was

conducted in order to identify potential reasons for missing data at baseline. To calculate the

79



difference between respondents and non-respondents of completion of PRO, we used the independent
t-test for numeric variables with a normal distribution or the Wilcoxon rank-sum test for numeric
variables that did not have a normal distribution. To compare categorical variables, the Chi-square

test or Fisher's exact test was used.

3.1.4.3 Quality of life change over time

Analysis of variance (ANOVA) with repeated measures was used to assess changes over time with
post-hoc pairwise comparisons using the paired t-test. For non-parametric data, Friedman's test with
post-hoc pairwise comparisons using the Wilcoxon rank sum test was used to assess changes over
time. In addition, Bonferroni correction was applied to the significance level for multiple comparisons
to reduce the possibility of a type I error. The adjusted significance level was determined to be 0.017
(i.e., a = 0.05/3). We calculated the difference in EORTC scores between baseline and eight weeks,
baseline and six months or eight weeks and six months by subtracting the score of the mean (median)

domain at a specific time point from the previous time point’s mean (median) score.

Changes of > 10 points in any of the EORTC QLQ-C30 scores or > 2 SD at any scores of QLQ-LC13
are considered clinically meaningful (MCID) [148]. A procedure was followed to deal with missing
items in accordance with the guidelines established by the EORTC by applying the equations

provided in the EORTC guidelines for calculating the scale scores [147].

3.1.4.4 Difference between the first five years and the last five years' cohort
For demonstrating the difference between the two groups, the difference in surgical approach,
resection and lobe as well as the outcome measures of postoperative dyspnoea and global health were

evaluated. Chi-square or Fisher exact tests were performed in categorical data, and independent t-test
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or Mann-Whitney U test were performed for the continuous data based on the normality of the data.

P<0.05 indicates statistically significant difference between the two groups.

3.1.4.5 Modelling for the prediction of postoperative dyspnoea

For the PRO outcome (postoperative dyspnoea at six months), univariate and multivariate regression
analyses were used in this investigation. As a first step, we planned to examine the individual
predictors of dyspnoea outcomes at six months. Dyspnoea is an ordered categorical variable with four
levels, with 0 representing the least affected category and 100 representing the most affected category.
Considering this order, ordinal logistic regression was our first analysis to assess relationships with
the predictors. Ordinal logistic regression assumptions were tested, and if the proportional odds

assumption was not met, a multinomial logistic regression analysis was performed.

The factors screened in the univariate analyses were age, gender, body mass index (BMI), smoking,
lung function comprising FEV, FVC, DLCO, ppoFEV1, ppoDLCO, surgical incision, resection type,
comorbidities, American Society of Anaesthesiologists Physical Status Classification (ASA score),
Eastern Cooperative Oncology Group (ECOG) performance scale, postoperative pulmonary
complications (PPC), hospital length of stay (LOS), hospital readmission, chemotherapy and baseline

dyspnoea.

Based on the univariate regression results, I selected subsets of variables to include together in
separate multivariate models to predict six-month dyspnoea. Also, in the multiple regression analyses,
multicollinearity was avoided by separating highly correlated factors into different models. In
addition, the parallel line assumption was tested to assure no violation occurred in ordinal regression
analyses. A failure to maintain the assumption would result in incorrect interpretations of the results;
therefore, it is recommended to use alternative models instead of ordinal logit regression models in

order to find the correct results [264].
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All the variables included in these models were individually statistically significant at the 0.10 level

in the univariate analyses.

We then performed multivariate ordinal or multinomial logistic regression analysis using a backward
selection by p-value for each model. We removed the variable with the highest p-value greater than
0.05, reran the model, and repeated the process until all variables remained statistically significant

for the 0.05 level. All the models were tested for ordinal regression assumptions and adhered to.

3.1.4.6 Modelling for the prediction of postoperative global health

For the EORTC QLQ-C30 six-month global health score, we conducted univariate and multivariate
linear regression analyses. For the prediction model, linear regression analysis is appropriate since
the global health score is a continuous variable from 0 to 100. A score of zero indicates the worst
overall quality of life, whereas a score of 100 indicates a better overall quality of life. As a first step,
we intended to examine the individual predictors of global health outcomes at six months. The
assumptions underlying linear regression were examined as well to ensure they were met for each
model. In the univariate analysis, the following factors were examined: gender, age, BMI, smoking
quit time, pack years, lung function including FEV; (L), %FEVi, FVC (L), %FVC, %DLCO,
ppoFEV1, ppoDLCO, surgical side, lobe, resection type, comorbidities including COPD, IHD,
cardiac failure, hypertension, thyroid disease, renal failure, diabetes, stroke, anticoagulant use, ASA
score, ECOG performance, perioperative factors such as PPC, LOS, hospital readmission,

chemotherapy and EORTC QLQ-C30 baseline global health.

Using the results of univariate regression, the researcher selected subsets of variables to be included
in separate multivariate models to make predictions about postoperative global health at six months.

By separating highly correlated factors into different models, multicollinearity was also avoided in
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the multiple regression analyses. The variables included in these models were all statistically

significant at a level of p <0.10 in the univariate analyses.

A multivariate linear regression analysis was conducted using a backward selection process based on
the p-value of each model, including removing the variable whose p-value exceeded 0.05, rerunning
the model, and repeating the process until all variables remained statistically significant at the 0.05

level. All the models were tested for the linear regression assumptions and adhered to.

3.2 Quantitative CT of emphysema

3.2.1 Study design and participants

This is a retrospective study, and the research protocol was approved (Research Ethics Committee
reference: 10/H1208/41). The study included a cohort of patients similar to our previous study, and
the protocol has been previously described (Section 3.1). Patients with no baseline thoracic CT scans
were excluded from the study. CT scans were retrospectively collected and assessed for inclusion in

the analysis.

3.2.2 CT acquisition

This is a retrospective study; thus, the CT scans were acquired using two scanner types: Aquilion
ONE  scanner  (Toshiba  Medical  Systems  Corporation, Tokyo, Japan) and
Somatom Definition (Siemens Medical Solutions, Forchheim, Germany). With the patient in a supine
position, scans were acquired during breath-hold. An automated voice instruction system was used to
assist the patient in performing respiratory manoeuvres. The CT scanner settings were 120 kVp

voltage, current of 100 to 200 mA, rotation time of 500 ms, cut thickness of 1 mm, and matrix 512 x
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512 pixels. Our study involved both contrast and non-contrast CT scans. The study employed smooth
reconstruction filters (FC07, FCOS8, 126f and 130f), the use of a thin slice thickness of 1 mm [190],
and a smooth reconstruction filter [265] is recommended in CT quantification of emphysema. The

median days between CT scan acquisition and surgery is 55 days.

3.2.3 CT scan analysis software

This study utilised an open-access software for emphysema analysis:

e 3Dslicer v 4.10; Chest Imaging Platform (CIP) module.

We only used the open-source software 3D slicer CIP extension in order to complete the emphysema
analysis in this study [266]. The software extension (CIP) was initially developed for researchers for
quantitative analysis of lung parenchyma and was designed to focus on its potential application in
studying COPD [267]. The 3D slicer can be used as a clinical research tool, is capable of supporting
a wide range of visualisations and offers advanced functionality such as automatic segmentation and
registration [268]. Several studies have used the software in their emphysema quantification research,

among other areas [269-272].

The 3D slicer works in a similar manner to other commonly used software in this field (e.g.
Pulmonary Workstation) by applying region growing to label the airways outside the lung area [273].
When two adjacent voxels are compared, the software program applies an algorithm to determine
whether they have the same or different densities. The voxels will be connected if they are the same,
creating a structure two voxels wide. In addition, spatial consistency over a number of slices confirms
that the object is the trachea rather than a false foreground object [273]. This program processes all

adjacent voxels until the final image is created.

The software developer created the novel Interactive Lung Lobe Segmentation tool in which the users

can produce segmentations of the lung lobes quickly, easily, and accurately [273]. Using thin plate
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splines (TPS) as the underlying algorithm to define three fissure height surfaces, lobe segmentation
is accomplished [273]. For each of the three fissures, a separate 3D surface is defined. The height
surface algorithm provides the type of value "oblique fissure" or "horizontal fissure" to voxels that
fall on the surface within the tolerance of a voxel width. Then, by using region growing algorithm,
the upper and lower lobes in the left lung are distinguished from those above and below the left

oblique fissure and similarly to the right lung [273].

3.2.4 CT density analysis using Chest Imaging Platform

The CT scans must first be converted into DICOM (Digital Imaging and Communications in
Medicine) format prior to analysis by CIP. First, CT scans were imported into 3D Slicer. Following
this, the ‘interactive lobe segmentation’ module of CIP extension was applied to segment the lobe of
the lung parenchyma. Then, the input CT Volume was selected as ‘lung’. Sagittal, coronal and axial
planes were viewed. Afterwards, the researcher selected the sagittal plane and placed 15-20 fiducial
points for each oblique fissure and 5-15 points for the right horizontal fissure. Then, the researcher
reviewed the other planes and added extra fiducial points when necessary. The interactive lung label
map was generated after lobe segmentation, and five lobes with different colours were shown in axial,

coronal, and sagittal views (Figure 3.1).
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Figure 3.1 Lung lobar segmentation using CIP extension of 3D slicer

The researcher checked the mapping and segmentation accuracy by viewing the three planes, adding
extra fiducial points, and repeating the segmentation until accurate lobes segmentation was achieved.
After that, the researcher employed ‘parenchyma analyses for emphysema quantification, and then
the attenuation of the voxels for the whole lung lobe and each lobe was automatically quantified. The
data obtained are %LAA-950, %LAA-925, %LAA-910, PD15, and volume for the whole lung and

each lobe.

3.2.5 Statistical Analysis

3.2.5.1 Descriptive statistics
We illustrated the data as mean + standard deviation, median =+ interquartile range, or numbers
(proportions), as appropriate. Our primary outcome in this study was postoperative dyspnoea at six

months, while global health is our secondary outcome.

An assessment of the normality of numeric variables was conducted using the Shapiro-Wilk test.
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3.2.5.2 Modelling for the prediction of postoperative dyspnoea

To investigate QCT density as a predictor of postoperative dyspnoea, univariate ordinal logistic
regression analyses were employed in this investigation. The factors screened in the univariate
analyses were QCT density for emphysema for the whole lung, including %LAA-950, %LAA-925

(for contrast CT only), %LAA-910, PD15, and lung volume.

The factors assessed in Section 3.1.4.4, were be assessed again for univariate association with

postoperative dyspnoea.

If one of these factors was individually statistically significant at the 0.10 level, then it would be

added to the multiple regression analyses.

The multivariate ordinal or multinomial logistic regression analyses were performed based on the
univariate regression results. The reason for using multinomial regression analysis was explained in
Section 3.1.4.4. The author selected subsets of variables to include in separate multivariate models to
regress on six-month dyspnoea; all models included %LAA-950 as a predictor adjusted for different
factors. The outcome of six-month dyspnoea was collapsed to just three levels, labelled 0 (originally
0), 1 (originally 33.33), or 2 (originally 66.67 or 100). This was due to the small sample size and
relatively small number of patients with dyspnoea levels of 66.67 (only 7 patients) or 100 (only 5
patients). This way, the analysis was be processed without violating the parallel line assumption
suggested as an appropriate method in the literature [274]. Also, the combination of categories (66.67
and 100) was justified as they represented the most severe dyspnoea levels, and all of these scores

increased compared to baseline levels.

The researcher individually selected all of the variables included in these models. Each model

underwent a backwards selection process by p-value, where the variable with the highest p-value
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greater or equal to 0.05 was removed, the model was rerun, and the process was repeated until all

remaining variables were statistically significant at the 0.05 level.

3.2.5.3 Modelling for the prediction of postoperative global health

We conducted univariate and multivariate linear regression analyses for postoperative global health
scores. The univariate analysis examined the following factors: QCT density for emphysema for
whole lung, including %LAA-950, %LAA-925 (for contrast CT), %LAA-910, and PD15, and lung
volume. In addition, we assessed baseline demographic, clinical, perioperative data and baseline

global health.

Using the results of univariate regression, the researcher selected subsets of variables to be included
in separate multivariate models to make predictions about postoperative global health at six months
using a significance level of p <0.1. A multivariate linear regression analysis was conducted as well.
A p <0.05 is considered statistically significant. The details regarding the regression analysis and

examined factors were explained in detail in Section 3.1.4.5.

3.2.5.4 Intra-observer Reproducibility of QCT emphysema analysis

In order to determine the reproducibility of the CT density analysis, an analysis of CT density was
conducted twice, on two separate occasions, with an interval of two months between the CT scans of
30 consecutive patients. To ensure a robust analysis, it is recommended to use a minimum of 30
observations in Intra-class Correlation Coefficient (ICC) studies, allowing for a comprehensive
evaluation of variability and ensuring the reliability of the results [275]. The trained observer was
blinded to the results of the analysis. However, the inter-observer agreement was not conducted due

to unavailability of the second reviewer. Yet, this study evaluated the agreement between the
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observer’s analyses and Al-based software analyses. The level of intra-observer reliability was
evaluated using ICC [275]. Based on the correlation coefficients, the level of intra-software reliability

1s summarised in Table 3.1

Table 3.1 levels of ICC [275]

Correlation coefficient (1) Interpretation of reliability
0-0.5 Poor

0.5-0.75 Moderate

0.75-0.9 Good

>0.9 Excellent

In addition, Bland Altman plots were assessed for the agreement between the measurements of
%LAA-950 and %LAA-910. The mean difference between the two groups will be calculated, and the

limits of agreement (LOA) was calculated as follows:

LOA = mean difference = 1.96 x SD [276].

Differences of %LAA-950 <5%, or < 35% for %LAA-910 between the two measurements were

considered reasonable differences [277].
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3.2.5.5 Investigating levels of agreement between contrast-enhanced and unenhanced CT
scans

In this study, contrast-enhanced and non-enhanced CT scans were compared in 27 lung cancer
patients. Comparison between QCT measurements of %LAA-950 and %LAA-910 was performed
using Wilcoxon signed rank test [278]. P-value of <0.05 indicates a statistically significant difference
between the two groups. In addition, Bland Altman plots were assessed for the agreement between
the measurements. The mean difference between the two groups and the reasonable difference cut-

off values were described above (Section 3.2.5.4).

All our statistical analyses were performed using Stata 18.0 statistical software (Stata Co., College

Station, TX) or SPSS version 29 (IBM Corp.).

3.3 Quantitative CT of body composition

3.3.1 Study design and participants

We conducted this study retrospectively. The study protocol was approved (Research Ethics
Committee reference: 10/H1208/41). This study involved the same cohort of patients as our previous
study, which was described previously in detail (Section 3.1-3.2). Patients with no baseline thoracic
and abdominal CT scans were excluded from the study. CT scans were retrospectively collected and

assessed for inclusion in the analysis.

3.3.2 CT acquisition
CT scan acquisition details were previously described (Section 3.2.2). Overall, the CT scan involved
was contrast-enhanced, which was part of lung cancer patients’ clinical investigation. The scanner

settings were 120 kVp voltage, current of 100 to 200 mA, rotation time 500 ms, cut thickness was 1
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mm, matrix 512 x 512 pixels. The study utilised smooth reconstruction filters (FC07, FCO08, 126f and

130f). The median days between CT scan acquisition and lung cancer surgery was 55 days.

3.3.3 CT scan analysis of body composition

3D slicer v 4.10; Chest Imaging Platform (CIP) module software program was used in the analysis of
body composition. Skeletal muscles area (SMA), pectoralis muscles area (PMA), erector spinae
muscles area (ESMA), and psoas muscles area (PSMA) were measured on a single axial slice for
each measurement. The investigator selected the vertebral levels for each measured muscles, which
is L3 transverse process CT scan slice for SMA and PSMA [221, 279], transverse process of T4 for
PMA [248], and lower margin of T12 for ESMA [233]. Predefined density thresholds were set using
the range of -29 — 150 HU for PM [228], PSM [280], and SM [221], whereas a threshold of -50 — 90

HU was used for ESM [250]. All muscles were analysed using manual shading.

For skeletal muscles area measurements, the measured muscles involved psoas muscles, paraspinal
muscles including erector spinae and quadratus lumborum, and abdominal wall muscles including
transverse abdominis, internal and external obliques and rectus abdominus [243]. The cross-sectional

area of all muscles measurements was calculated by aggregating all muscles’ area (cm?).

Similarly, the cross-sectional area of pectoralis muscles (cm?) is calculated by aggregating the right
and left major and minor pectoralis muscles. Furthermore, the cross-sectional area of erector spinae
muscle was measured by the sum of the right and left muscles. Likewise, the cross-sectional area of
psoas muscle was measured by the sum of right and left psoas muscles. The index of skeletal muscles
(SMI) was calculated by adjusting SMA to the height? (cm?/m?) [281]. Similar adjustment applies to
the rest of the muscles; PMI [248], ESMI [228], and PSMI [238] were calculated by adjusting the

cross-sectional muscle area to the height® (cm?/m?) (Figure 3.2).
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Figure 3.2 Body composition analysis using CIP extension of 3D slicer manually shaded; upper left:
skeletal muscle area at L3 level, upper right: pectoralis muscle area at T4 level, lower left: erector spinae
muscle area at T12 level, lower right: psoas muscle area at L3 level

3.3.4 Sarcopenia definition

Researchers suggested different cut-offs and definitions for sarcopenia based on skeletal muscle mass
and investigated outcomes of their cohorts using single axial slice CT images at the level of mid-L3
[221, 243, 281]. It was noted that the cut-off value established by Martin and colleagues was the most
common sex-specific and BMI-defined sarcopenia. Using this approach may identify muscle loss in
cancer patients more accurately. The importance of this is that muscle loss can adversely affect
individuals’ health, and people with a higher BMI may still lose muscle without it being apparent

221]. The cut-off values defined by Martin at al. are as follow: for male participants; SMI <43 cm?/m?
[ y particip
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for BMI < 24.9 kg/m?, and SMI<53 cm?/m? for BMI > 24.9 kg/m?. For female participants; SMI <41

cm?/m? for all BMI categories [221].

For the PMI, ESMI and PSMI, there has been no generally established cut-off value for sarcopenia.
Therefore, sex-specific quartile was calculated, and the group with the lowest quartile in this study

were considered to have sarcopenia [282].

3.3.5 Statistical Analysis

3.3.5.1 Descriptive statistics

Our primary outcome in this study was the change of postoperative dyspnoea at six months, while
global health change was the secondary outcome. The MCID and QoL calculations were explained
in Section 3.1.3. The data were presented as mean + standard deviation, median + interquartile range,
or numbers (proportions), as appropriate. The normality of numeric variables was tested using the
Shapiro-Wilk test. Baseline characteristics were presented as the difference between male and female
participants in age, BMI, lung function, and COPD using an independent t-test for numeric normally
distributed data or Mann-Whitney U test for non-normally distributed data. Analyses of categorical
variables were conducted using the Chi-square test or Fisher's exact test. A p-value of <0.05 was

considered statistically significant.

3.3.5.2 Muscles differences

Similar to the above methods, we compared the differences between male and female participants
and high or low BMI (BMI >24.9 vs BMI < 24.9) in SMI, PMI, ESMI, and PSMI using an
independent t-test due to the normality of these data. A comparison between male and female or

participants with high and low BMI in the proportion of sarcopenia of skeletal, pectoralis, erector
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spinae, and psoas muscles was performed using the Chi-square test or Fisher's exact test. A p-value

of <0.05 was considered statistically significant.

3.3.5.3 Correlation between muscles indices
We assessed the correlation between SMI and PMI, ESMI and PSMI. Pearson's or Spearman's
correlation coefficients were used as appropriate. Based on the correlation coefficients, the strength

of association between variables is illustrated in Table 3.2

Table 3.2 Correlation coefficients classification [283]

Correlation coefficient (r) Interpretation
0-0.19 Very weak
0.2-0.39 Weak
0.4-0.59 Moderate

0.6 -0.79 Strong
0.8-1.0 Very strong

3.3.5.4 The difference of CT body composition in recovered and worsen HRQOL

This study investigated the differences between SMI, PMI, ESMI, and PSMI and the proportion of
sarcopenia of skeletal, pectoralis, erector spinae and psoas muscles in patients who had increased
dyspnoea or deteriorated global health six months after surgery and those with lower dyspnoea or
recovered global health. Further exploratory analyses were conducted to investigate differences in

body composition between individuals with improved and decreased physical functioning, as well as
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fatigue levels. Comparison of continuous factors was accomplished using an independent t-test due
to the normality of these data. Comparison of the proportion of sarcopenia was completed by Chi-

square test or Fisher's exact test. A p-value of <0.05 is considered statistically significant.

3.3.5.5 The difference of CT body composition in postoperative clinical outcomes

This sub-study explored the difference between patients with longer and shorter LOS. The median
LOS was set as a threshold for determination patients with longer versus shorter LOS. A hospital stay
exceeding five days was considered long, whereas a stay of five days or less was considered short.

The statistical method employed in this study is explained in Section 3.3.5.4.

3.3.5.6 Reproducibility of CT based body composition

In order to determine the reproducibility of the CT body composition measurements, the analysis of
CT measurement of body composition was performed twice separately, CT scan analysis of 30
consecutive patients was separated by two months. The observer was blinded to the results of the
study. The level of intra-observer reliability was evaluated using Intra-class correlation coefficients

(ICC) and Bland Altman plots as explained in Section 3.2.5.5.

Previous studies reported an intra-observer mean difference of 0.98 cm? using the same slice and

LOAs of 2.92 cm? [284].

All our statistical analyses were performed using Stata 18.0 statistical software (Stata Co., College

Station, TX) or SPSS version 29 (IBM Corp.).
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3.3.5.7 Comparison between contrast-enhanced and unenhanced CT body composition
In this study, contrast-enhanced and non-enhanced CT scans measurements of right and left ESM area
were compared in 10 lung cancer patients. In addition, the Bland Altman plots were implemented.

Details of the method is described in Section 3.2.5.5.

3.4 An investigation of the agreement between Al-based software and semi-
automated software quantification of emphysema

3.4.1 Study design and participants

We used the data from the previously approved protocol for this study to conduct a retrospective
analysis (Research Ethics Committee reference: 10/H1208/41). Similar to our earlier study that was
described in detail previously, we examined the same cohort of patients in this study as well (Section

3.1-3.2). CT scans were retrospectively collected and assessed for inclusion in the analysis.

3.4.2 CT acquisition

The data for this study were obtained using two CT scanner types; an Aquilion ONE scanner (Toshiba
Medical Systems Corporation, Tokyo, Japan) and a Somatom Definition scanner (Siemens Medical
Solutions, Forchheim, Germany). CT scan acquisition details involving scanner setting, and
reconstruction kernel have been described before (Section 3.2.2). This study involved only

unenhanced CT scans.

3.4.3 CT scan analysis software
The purpose of this study was to investigate the inter-software agreement in the analysis of lung
volume and density on CT scans using two software programs, an open-access program and a

commercial program:
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e 3D slicer v 4.10; Chest Imaging Platform (CIP) module

e Al-assisted Aview ® system (Coreline Soft Inc., Seoul, South Korea).

3D Slicer CIP module is the primary software utilised in this thesis. A description of the method and
algorithm used in CT quantification of emphysema using CIP module is provided in Section 3.2.4.

An image analysis using the CIP module required a minimum of 15 minutes per scan.

Aview system is a commercial Al-based platform that involves quantitative image analysis with
automated lobar segmentation to assess emphysema, airway, fissure integrity and small airway
disease [285] and is approved by the FDA [286]. Several studies have utilised the software to quantify
emphysema, among other diseases [287-291]. The Coreline Aview developer has employed a 2.5D
convolutional neural network for voxel-by-voxel segmentation and compared it with its gold-standard
semi-automated segmentation algorithm [285]. The time elapsed for image analysis was dramatically

reduced to 2-3 minutes.

3.4.4 Emphysema quantification using Aview system

As with CIP module, CT scans were converted to DICOM format for analysis by the Aview software.
The first step was importing the DICOM into Aview system. After that, the lung segmentation and
quantification were automatically performed by the software using the three planes; sagittal, coronal
and axial. Each of the five lobes was shown in a different colour and presented in a sagittal, coronal,
and axial planes for viewing and assessment (Figure 3.3). While errors in the segmentation could be
corrected manually, the researcher intended to assess the performance of the Al-based software
without intervention for better assessment of the standard measures of the software. The data were
generated and detailed reports were provided containing quantified data (Figure 3.4-3.5). The data

assessed were: %LAA-950, PD15, MLD and lung volume.

97



B 0O sapral

SL #180 (H2F), Axial #180 Raysum
TH0.0mm

M 25%

WW 1500

WL -700

[T ———

Segmented

Figure 3.3 An example of automated lobar segmentation in sagittal, coronal, and axial planes
performed by Aview system

LAA (<-950 HU) HAA (-600
Regions Volume (cc) LAA (%) HAA (%) MLD (HU)
Whole Lungs 6396 19 4 -865
I RtLung 3524 7
| ttiung

RUL

[ waAchart

~-250 HU)

Std. (HU) PI-1 (HU) PI-15 (HU)

156.9 -1008 -957

Whole'l'ungs
LAA 19 %
HAA 4 %

Figure 3.4 LAA analysis data quantified by Aview system
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Figure 3.5 An example of a CT scan with LAA coloured in blue in a coronal view,
quantified by the Aview system

3.4.5 Statistical Analysis

3.4.5.1 Descriptive statistics
We presented the data as mean + standard deviation, median + interquartile range, or numbers
(proportions), as appropriate. An assessment of the normality of numeric variables was conducted

using the Shapiro-Wilk test.

3.4.5.2 Investigating levels of agreement between two software programs

In this study, intra-software agreement was assessed using unenhanced CT scans. The level of intra-
software reliability was evaluated using Intra-class correlation coefficients (ICC) [275] and Bland
Altman plots. The mean difference between the two groups and the limits of agreement (LOA) were

calculated as described in Section 3.2.5.5.
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In line with previous reports, differences of %LAA-950 <5%, 15PD, MLD <10 HU, or lung volume
<0.05 L between the two software programs were considered reasonable differences [267, 277, 292].
All our statistical analyses were performed using Stata 18.0 statistical software (Stata Co., College

Station, TX) or SPSS version 29 (IBM Corp.).
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Chapter 4. Patients Reported Outcomes in Predicting Postoperative

Quality of Life

4.1 Introduction

Patients with NSCLC typically report a deterioration in their health-related quality of life pre-
operatively [125], despite the fact that opposite findings have also been reported [28]. HRQOL tends
to deteriorate immediately after surgery, but it may recover to pre-operative levels within 3-9 months
of the operation [100]. Conversely, studies have also demonstrated the impairment of HRQOL lasting
for a much more extended time after surgery in some domains [104]. As a result of controversy about
when a patient's HRQOL returns to normal following lung surgery and concerns about factors
contributing to this, questions have arisen regarding the factors that could affect a patient's HRQOL.
A clear and accurate understanding of HRQOL changes after lung cancer surgery may allow the
patient to participate actively in decision-making. In addition, identifying lung cancer patients at an

elevated risk of reduced quality of life after treatment is fundamental.

A systematic review found that EORTC QLQ-C30 and lung cancer-specific module LC13 are the
most widely used tools in lung cancer research [293]. Montazeri et al. acknowledged that EORTC
QLQ-C30 and LC13 are the most sophisticated instruments to measure the HRQOL of lung cancer
patients, compared to more than fifty other instruments [146]. Several HRQOL questionnaires do not
assess all HRQOL domains, while EORTC questionnaires do [293]. Thus, EORTC QLQ-C30 and

LC13 have been chosen in this research to evaluate lung cancer patients.
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Across the studies, dyspnoea was reported to be a common complaint among lung cancer patients,
with moderate intensity of dyspnoea interfering with daily living activities [96]. Dyspnoea following
operative procedures is not fully understood, but there is a likelihood that multiple factors are
involved. This study aims to better understand these complex mechanisms and predict long-term
disabling dyspnoea risk. Developing better methods of predicting dyspnoea following lung surgery
would improve the shared surgical decisions and facilitate the interventions and inclusion of patients

in clinical trials designed to alleviate postoperative breathlessness.

It has been reported that there is a higher risk of HRQOL disruption associated with lung cancer
compared to other chronic diseases and cancers, and there is a possibility that the reduction in quality
of life may last for more than five years [294]. It is well known that lung cancer patients' QoL is
significantly impacted by surgical management [13]. Furthermore, it has been noted that VATS has
lower impact on physical performance and respiratory symptoms compared to thoracotomy [295]. In
addition, patients with VATS had significant improvement in physical and emotional functioning
compared to those with thoracotomy [10]. However, Avery et al. indicated that the use VATS approach
in preference to thoracotomy may not prevent long-term significant deteriorations in HRQOL and
that VATS may have more extensive detrimental impact on HRQOL of lung cancer patients than once
believed [126]. Similarly, previous studies found no significant difference between VATS and
thoracotomy in HRQOL using EORTC QLQ-C30 and LC13 [153, 296]. Moreover, Pompili et al.
revealed that VATS patients with good functioning and lower symptoms at baseline experienced
significant worsening of HRQOL six months following lung cancer surgery [106]. Despite the
improvement in reporting and use of QoL measurements in thoracic surgery, their relevance in clinical

practice remains unclear, and their value is underestimated [122].

In addition, surgical approach may have an impact on short-term QoL following lung cancer surgery.

Surgical techniques may affect initial postoperative recovery including pain and physical functioning
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[98, 296]. However, our major focus of this study is the long-term postoperative HRQOL. By
evaluating the outcomes beyond the short-term stage, this thesis aims to capture the more enduring
impact of lung cancer surgery on patients’ HRQOL, providing a broader insight of how patients’
HRQOL changes over time. The decision to focus this study on a six-month period following lung
cancer surgery is supported by existing literature indicating meaningful milestones in recovery
trajectories. Handy et al. showed that HRQOL deteriorated until six months following lung cancer
surgery [125]. Another study of 117 patients with thoracotomy indicated that HRQOL restored to
baseline levels at six to nine months following lung cancer surgery [98]. We emphasise on the six-
month period to better focus of the crucial early recovery period, which is most representative of the

immediate effects of surgical intervention on HRQOL.

This chapter aims to investigate the HRQOL trajectories through six months following lung cancer
resection using EORTC QLQ-C30 and lung cancer-specific module LC13. Moreover, our study
examined various factors to predict postoperative dyspnoea and global health six months after the
intervention. As part of this longitudinal study, we used the EORTC QLQ-C30 and LC13. We did not
employ other PRO tools, primarily because they are one of the most commonly used PRO tools

among lung cancer cohorts and for comparison in the present longitudinal study.

103



4.2 Methods

This study is a prospective, longitudinal, single-centre study. The Institutional Review Board
approved the study (REC number: 10/H1208/41). The study was commenced by the thoracic surgery
research team at UHB NHS Foundation Trust before my PhD study. The primary aim was to evaluate
whether a rehabilitation program could recognise potential surgical candidates weeks before surgery,
optimise their physical status, prepare them for the inpatient journey, and support post-surgery
recovery. HRQOL was one of the primary outcomes in this study. This study involved consecutive
recruitment of patients undergoing lung resection at University Hospital Birmingham NHS
Foundation Trust. Informed consent was collected from all participants, and quality of life (QoL)
measures were self-reported by all participants at baseline, eight weeks and six months following
lung surgery. The patients’ medical records were used as a source of other data that were not

systematically collected.

The thoracic research team have prospectively collected data on paper CRFs some of which had been
entered onto a database over the past ten years, and was the first hurdle to overcome. In order to
develop a comprehensive and up-to-date database, it was necessary to input remaining CRF data,

clean the data and collect additional data prospectively from patients' electronic medical records.

Missing data has also been investigated and analysed for the response rates, and a comparison

between respondents and non-respondents to the questionnaire has been explored.

Detailed patient selection criteria and other methods, including statistical methods, can be found in

Chapter 3.
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4.3 Results

4.3.1 Baseline characteristics
A total of 1064 patients were recruited from 2010 until 2020, and 906 consented patients were eligible

for the study (Figure 4.1). Patients excluded were 109 patients with benign lung tumours, 18 patients

with lung infections, and six patients without lesions were not eligible for this study. Other 23 patients
withdrew from the study, and two who had just had a biopsy have also been excluded. Patients’

baseline characteristics and clinical data are shown in Tables 4.1- 4.5.

Excluded with reasons
n=133

Benign lung tumor n =109
Screened for eligibility
n = 1064 Lung infection n=18

No lesion n=6
\i

Excluded with reasons
Eligible patients n=25

n =931 Withdrawn n=23

Biopsy n=2

Y

Eligible patients

n = 906

Figure 4.1 Patients’ flow diagram through the study
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Table 4.1 Baseline characteristics of 906 patients included in the study

Characteristic Total
(n=906)
Patient demographics
Age 70 £ 11
Gender (male) 465 (51.32)
BMI 27.29+5.14
Smoking Status
Current 187 (20.8)
Ex-smoker 544 (60.6)
Never smoker 156 (17.3)
Smoking quit time
Current 184 (21.05)
Ex-smoker (6 weeks > 1 year) 107 (12.24)
Ex-smoker (> 1 year) 427 (48.85)
Never smoker 156 (17.84)
Pack years 30£39

Data are presented as mean (median), standard deviation (interquartile range), or numbers and percentages for
categorical data.

Table 4.1 above represents baseline demographic and smoking data for 906 patients. The median age
was 70 years old, and we can notice that around half of the patients were male. We can see that the
mean BMI for 906 was 27.2. Almost 50% of the patients have quit smoking for over a year; 21%

were current smokers, while only 17.8% were never smokers.

106



Table 4.2 Baseline lung function for 906 patients included in the study

Characteristic Total
(n=9006)

FEV1(L) 2.21+0.73
% FEV; 87.76 £21.49
FVC (L) 3.31+£1.007
% FVC 104.96 +21.77
%DLCO 77.14 + 18.76
ppoFEV; 71.48 £20.07

ppoDLCO 62.66 +16.82

Data are presented as mean (median) and standard deviation (interquartile range), FEV; forced expiratory
volume for 1 second, FVC; forced vital capacity, DLCO; diffusing capacity for carbon monoxide, ppoFEV; or
ppoDLCO; predicted postoperative FEV; or DLCO.

The table above represents baseline lung function information for 906 patients. Lung function
involves FEV (L), FEV| Percentage predicted, FVC (L), FVC percentage predicted, and DLCO
collected before lung surgery. The author collected any missing data on lung function from patients’
medical records and doctors’ reports. ppoFEV and ppoDLCO were calculated using the formula of
segment counting that is stated in the literature review (Section 1.2.1.1). We can see that the mean

values of FEV (L) and % FEViare 2.21 and 87, respectively. DLCO mean value is 77.14.
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Table 4.3 Baseline lung surgery information for 906 patients included in the study

Characteristic Total
(n=906)
Surgical incision
Open 407 (45.02)
VATS 497 (54.98)
Surgery side
Right 531 (58.61)
Lobe
Upper 493 (55.77)
Middle 52 (5.88)
Lower 281 (31.79)
Upper Bilobe 13 (1.47)
Lower Bilobe 10 (1.13)
Entire lung 29 (3.28)
Lung resection
Wedge 148 (16.34)
Segmentectomy 33 (3.64)
Lobectomy 672 (74.17)
Bilobectomy 21 (2.32)
Sleeve 3(0.33)
Pneumonectomy 29 (3.28)

Data are presented as numbers and percentages for categorical data. VATS; video-assisted thoracic surgery.

The above table demonstrates lung surgery information. Almost 55% of the surgical incisions were
Video-assisted thoracic surgery (VATS), whereas 45% were thoracotomy (open surgery). In addition,
55% of the surgeries were performed on the upper lobes, while 3% of the surgeries removed the entire

lung (pneumonectomy).
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Table 4.4 Postoperative lung cancer information of 906 patients included in the study

Characteristic Total
(n=906)
Postoperative histology
Adenocarcinoma 480 (52.98)
Squamous cell carcinoma 209 (23.07)
Carcinoid 74 (8.2)
Metastasis 92 (10.15)
Primary Lung Cancer stage (No)
T1 391 (49.1)
T2 298 (37.48)
T3 83 (10.44)
T4 23 (2.89)
NO 590 (77.12)
N1 113 (14.77)
N2 62 (8.1)
MO 770 (99.4)
M1 4 (0.5)
Clear Margin (R0) 825 (91.56)
Postoperative Chemotherapy 123 (13.5)

Data are presented as numbers and percentages for categorical data. T; tumour size staging, N; lymph node
involvement, M; metastasis.

Table 4.4 shows postoperative lung cancer histology and staging. We can see that nearly 53% of the
cancer histology was adenocarcinoma. In addition, 49% of the cancers were in stage T1 and over 77%
of the cancers did not involve lymph nodes (NO). Additionally, 99% of the patients did not have

metastasis. Around 92% of these cancers had clear margins, and 13.5% had chemotherapy.
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Table 4.5 Baseline comorbidities and postoperative information for 906 patients included in the study

Characteristic Total
(n=906)
Comorbidity
COPD 210 (23.26)
IHD 90 (10.31)
Cardiac failure 32 (3.64)
Hypertension 386 (46.45)
Diabetes 129 (14.68)
Renal failure 8 (0.88)
Stroke 54 (6.26)
Thyroid 62 (7.49)
Anticoagulants use 197 (23.01)
Other measures
ASA score >3 474 (52.85)
ECOG Performance Score < 2 827 (95.38)
MRC dyspnoea score > 2 105 (11.8)
Perioperative Qutcomes
Hospital mortality 6 (0.66%)
Postoperative pulmonary complications 74 (8.1%)
Hospital readmission 95 (11.5%)
Hospital length of stay (days) 4+ (3)

Data are presented as mean (median), standard deviation (interquartile range), or numbers and percentages for
categorical data. COPD; chronic obstructive pulmonary disease, IHD; ischemic heart disease, ASA score;
American Society of Anaesthesiologists’ classification of physical health, ECOG; Eastern Cooperative
Oncology Group performance status

An overview of the preoperative comorbidities, other measures, and postoperative information in 906
patients is presented in the table above (Table 4.5). It is apparent that 46% of the patients suffered
from hypertension, and 23% had COPD. We observed that more than half of the participants had an
American Society of Anaesthesiologists (ASA) score of 3 or higher. The Eastern Cooperative

Oncology Group performance status (ECOG) score was less than 2 in 95% of the patients.

110



Regarding postoperative outcomes, interestingly, only 8% of patients had postoperative pulmonary
complications (PPC), the median length of hospital stay (LOS) was four days, which is considered

relatively short, and only 0.6% of patients died from the procedure.

4.3.2 Health Related Quality of Life questionnaire overall completion

Baseline, eight weeks, and six months EORTC QLQ-C30 received rates are 97.6%, 96.5% and 76%,
respectively. The expected rates for the QLQ-C30 at baseline, eight weeks and six months following
surgery were 100%, 97%, and 95%, respectively. Additionally, baseline, eight weeks, and six months
EORTC QLQ-LC13 received rates are 96.3%, 96% and 75.3%, respectively. The expected rates for
QLQ-LC13 collection are 100%, 97% and 95%, respectively. The median time between the baseline
questionnaires’ collection and lung surgery is 6+7 (days). The median time between eight weeks
questionnaires’ collection and lung surgery is 56 + 16 (days). For six-month-questionnaires the
median time extends to 165 + 21 (days). Figures 4.2 and 4.3 show the received and expected rates for

EORTC QLQ-C30 and LC13.
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EORTC QLQ-C30 Completion in Lung Cancer Surgery
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Figure 4.2 EORTC QLQ-C30 completion in lung cancer surgery

EORTC QLQ-LC13 Completion Rates in Lung Cancer Surgery
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Figure 4.3 EORTC QLQ-LC13 completion in lung cancer surgery
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4.3.2.1 Health Related Quality of Life respondents vs non-respondents

In order to have a better understanding of the reasons behind missing data in EORTC QLQ-C30, the
author conducted a comparison between QoL respondents (the questionnaire completers) and non-
respondents in baseline data. No difference was seen in age (p = 0.05), gender (p = 0.8), BMI (p =
0.4), baseline %FEV; (p = 0.2), baseline %DLCO (p = 0.9), pack-years (p = 0.1), postoperative

histology (p = 0.3), and TNM staging (p >0.5) (Table 4.6).

Table 4.6 Difference in baseline characteristics between respondents and non-respondents

Factor Respondents Non-respondents P value
(n=686) (n =220)
Age 70 + (11) 69 + (10.5) 0.05
Gender (male) 351 (51.1) 114 (51.8) 0.8
BMI 27.2+(5) 27.5 +(5.3) 0.4
%FEV 88.2 £(21.8) 86.3 £(20.2) 0.2
%DLCO 77.2 +(18.5) 76.9 £ (19.4) 0.9
Pack years 30+ (39) 30+ (37.5) 0.1
Postoperative histology
Adenocarcinoma 364 (53) 116 (52.7) 0.3
Squamous cell carcinoma 155 (22.5) 54 (24.5) 0.3
Metastasis 77 (11) 15(7) 0.3
Lung cancer stage
T(2) 223 (33.7) 77 (35.4) 0.1
N (1) 78 (11.9) 35(16) 0.4
M (0) 573 (99.4) 197 (99.4) 0.6

Data are presented as mean (median), standard deviation (interquartile range), or numbers and percentages for
categorical data. BMI; body mass index, FEV;; forced expiratory volume for 1 second, DLCO; diffusing
capacity for carbon monoxide, ECOG; Eastern Cooperative Oncology Group .*p<0.05; **p<0.01; ***p<0.001
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4.3.3 Health Related Quality of Life change

4.3.3.1 Assessment of the change and trajectories of EORTC QLQ-C30 functioning and global
health scores at different time points

To investigate the change in EORTC QLQ-C30 and LCI13 domains, we assessed the difference
between these domains at baseline, eight weeks and six months. The minimal clinically important

difference is 10 points for QLQ-C30 domains and half the standard deviation for LC-13 domains.

In the three time points, there is a statistically significant difference between the domains of
functioning and global health (p = 0.00) (Table 4.7). It is important to note that the change between
two-time points may not be minimally clinically significant in all of these domains. To investigate the

change in depth, we performed a pairwise comparison with Bonferroni correction.

Table 4.7 Comparison between EORTC QLQ-C30 functioning and global health domains

QoL domain baseline 8 weeks 6 months P value
Global health 73.2 +(20.5) 63.3 +(20.5) 66.6 + (22.2) oAk
Physical functioning 85 +£(18.9) 72 +(21.5) 75.2 £(21.3) ok
Role functioning 85 +£(24.6) 63 £(30.1) 70.6 £ (29.9) otk
Emotional functioning 76+ (23.2) 76.6 = (23.8) 79 £(22.8) ok
Cognitive functioning 86.2 £ (18.6) 81.4 £(22.5) 82.3£(21) ok
Social functioning 86.3 £(22.6) 70.7 £ (28.4) 77.7 % (27.5) oA

Statistical tests: Repeated measures ANOVA, Friedman test. Data are presented as mean (median) and standard
deviation (interquartile range). *p<0.05; **p<0.01; ***p<0.001
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Table 4.8 Post hoc pairwise comparison for EORTC QLQ-C30 functional and global health domains

EORTC Baseline Baseline 8 weeks

QLQ-C30 VS P value 95% CI VS P value 95% CI VS P value 95% CI
Functioning and 8 weeks 6 months 6 months

global health Difference Difference Difference

domain

Global health 10 ok 8.4-11.3 7 *x 5.3-8.7 -33 * -3.8--0.6
Physical functioning 13 ok 11.1-13.6 10 ok 9.1-11.8 -3.2 * -2.6--0.2
Role functioning 22 *x 19.3 -23.6 14.4 *x 13-17.3 -7.6 *x -7.7--3.2
Emotional functioning -0.6 0.2 -24-05 -3 0.02 -3.6--0.2 2.4 0.2 -2.4-0.6
Cognitive functioning 4.8 ok 32-62 3.9 ok 3.1-6.1 -0.9 0.4 -0.8-2.0
Social functioning 15.6 ok 13.4-17.2 8.6 *x 73-11.4 -7 *x -7.7--33

Post-hoc pairwise comparison with Bonferroni correction. Statistical tests: paired t-test or Wilcoxon signed-rank test. *p<0.017; **p<0.001

Table 4.8 shows the difference in functional or global health domains at different time points. Statistically and clinically, global health has
deteriorated from baseline to eight weeks, generally indicating lower quality of life. In addition, there was a statistically significant but no
clinical difference between eight weeks and six months, implying that global health has not recovered at six months following surgery.
Similarly, physical functioning has statistically and clinically declined between preoperative and eight-week scores; however, there has been

a marginal improvement, but not to the point of clinical difference.
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Role and social functioning have demonstrated statistical and clinical differences between baseline

and eight weeks; both have decreased. However, both domains have recovered (i.e., nearly 7 points)

but not to the minimal clinical difference. In contrast, emotional and cognitive functioning have not

presented any clinically meaningful change at any time point. However, cognitive functioning has a

statistically significant difference between baseline and eight weeks and baseline and six months (p

= 0.00). Figure 4.4 shows EORTC QLQ-C30 functioning and global health trajectories over six

months following lung cancer intervention.
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Figure 4.4 The trajectories of EORTC QLQ-C30 functioning and global health domains at baseline, eight

weeks, and six months after lung cancer surgery.
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4.3.3.2 Assessment of the change and trajectories of EORTC QLQ-C30 symptoms scores at

different time points

Table 4.9 Comparison between EORTC QLQ-C30 symptoms domains

QoL domain baseline 8 weeks 6 months P value
Fatigue 21.9 +(22.6) 39.6 +(24.5) 33.2+(24.7) otk
Nausea and vomiting 4.2+ (11.6) 9.7+ (18.2) 6.3 £(14.6) 0.9
Pain 15.7 £(25.1) 31.4 £ (28.4) 22.4+(26.2) ok
Dyspnoea 20.5 £(25.4) 41.9 + (29.6) 39.2 +(29.4) okx
Insomnia 27.5+£(32.7) 33 £(32.6) 27+ (31.1) ook
Appetite loss 11.8 £(23.3) 259+ (32.4) 16.2 £ (26.6) okx
Constipation 10 +(21.8) 24.2 + (31) 16.1 £ (25.8) ek
Diarrhoea 6 £ (15) 8.9 +(18.7) 8.2+ (18.4) 1.00
Financial difficulties 8.4+ (21) 13.7 + (26.8) 10.5 + (22.6) 0.6

Statistical tests: Repeated measures ANOVA, Friedman test, independent t-test or Mann-Whitney U test. Data
are presented as mean (median) and standard deviation (interquartile range). *p<0.05; **p<0.01; ***p<0.001

Table 4.9 compares the difference between symptom domains at baseline, eight weeks, and six

months after treatment. Fatigue, pain, dyspnoea, insomnia, appetite loss, and constipation have

demonstrated statistically significant differences at the three-time points (p = 0.00). On the contrary,

nausea and vomiting, diarrhoea and financial difficulties have no statistically significant difference.

We conducted a post-hoc pairwise comparison for each symptom domain to explore the differences

in more detail.
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Table 4.10 Post hoc pairwise comparison for EORTC QLQ-C30 symptoms domains

EORTC Baseline Baseline 8 weeks

QLQ-C30 VS P value 95% CI VS P value 95% CI VS P value 95% CI
symptoms 8 weeks 6 months 6 months

domain Difference Difference Difference

Fatigue -17.7 *x -19.5--16.3 -11.3 *% -14--10.6 6.4 * 3-64
Nausea and vomiting -5.5 ok -6.6 - -4.2 -2.1 ox -3.6--1.3 34 *x 1.5-42
Pain -15.7 *x -17.6 - -13.7 -6.7 *% -10--6 9 w3 20.5-24.5
Dyspnoea -21.4 *x -23.4--19.4 -18.7 *% -21.8--174 2.7 0.2 -0.7-3.1
Insomnia -5.5 *x -7.6--2.8 0.5 0.6 -3.1-19 6 w3 1.8-6.6
Appetite loss -14.1 *x -16.1 --11.9 -4.4 *% -7.4--3.1 10 w3 5.8-10.6
Constipation -14.2 **® -16.4--12.4 -6.1 *% -8.8--49 8.1 w3 4.8-9.1
Diarrhoea -2.9 **® -43--1.5 2.2 * -3.9--0.8 0.7 0.6 2-1.2
Financial difficulties -5.3 *k -6.7--3.5 2.1 *ok -4.6--1.5 3.2 * 0.6-3.8

Post-hoc pairwise comparison with Bonferroni correction. Statistical tests: paired t-test or Wilcoxon signed-rank test. *p<0.017; **p<0.001

118



Table 4.10 shows the pairwise comparison within the symptoms’ domains of the EORTC QLQ-C30.
A significant increase in fatigue and constipation compared to baseline levels has been observed eight
weeks postoperatively, demonstrating the worst symptoms. The level of both domains has increased
significantly in the last six months but has not reached the minimal clinical threshold. Additionally,
nausea and vomiting, insomnia, diarrhoea, and financial difficulties have not demonstrated a minimal
clinical difference at all time points; however, they have been statistically significant at most time
points. This implies that lung surgery has not affected these domains. It has been shown, however,
that the treatment has a short-term effect on pain, with a statistical and clinical increase to more than
double eight weeks after the intervention. It has been found that pain levels had almost recovered to
baseline levels (9 points change, p = 0.00) at six months. The short-term impact of surgery on appetite
loss was also found to be statistically and clinically significant at eight weeks after the operation (14.1
points change, p = 0.00). There has been a minimal decrease in appetite loss at six months, but it has
not returned entirely to the preoperative level (10 points change, p = 0.00). The surgery has
demonstrated both short-term and long-term detrimental effects on dyspnoea, increasing to more than
double baseline levels after eight weeks (21.4 points, p =0.00). Moreover, dyspnoea has not improved,
showing a very slight decrease (2.7 points), indicating the treatment is having a long-term impact on

dyspnoea. Figure 4.5 illustrates trajectories of EORTC QLQ-C30 symptoms domains.
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Figure 4.5 The trajectories of EORTC QLQ-C30 symptoms domains at baseline, eight weeks, and six months
after lung cancer surgery.
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4.3.3.3 Assessment of the change and trajectories of EORTC QLQ-LC13 lung cancer

symptoms scores at different time points

Table 4.11 Comparison between EORTC QLQ-LC13 lung cancer symptoms domains

QoL domain baseline 8 weeks 6 months P value
Dyspnoea 16.3 £(20.2) 31.2+£(23.7) 29.8 £(23.9) oAk
Coughing 31.9 £ (26.4) 35.9 +(26.6) 33.6 £ (27) oK
Haemoptysis 2.3+£(9.8) 1.1 £(7.1) 0.6 £(5.5) 1.00
Sore mouth 4.5 +£(14.8) 8.1+ (20.1) 8.2+ (19.4) 1.00
Dysphagia 3.2+(12) 6.7+ (17) 6.9 £ (18.7) 1.00
Peripheral neuropathy 9.4 £ (21) 10.3 +(22) 15.4 +(26) 0.8
Alopecia 32+(12.7) 4.3+ (14) 9.6 £(21.3) 1.00
Pain in chest 7.7+£(17.3) 21.8 £(25.4) 16.6 £ (24.5) oA
Pain in arm or shoulder  13.3 + (24.3) 19.4 £ (26.9) 17.5+(26.8) oA
Pain in other parts 21.6 = (30.3) 24 £ (31.1) 24 +(30.2) oA

Statistical tests: Repeated measures ANOVA, Friedman test, independent t-test or Mann-Whitney U test. Data
are presented as mean (median) and standard deviation (interquartile range). *p<0.05; **p<0.01; ***p<0.001

In Table 4.11, we have highlighted the differences within the EORTC QLQ-LC13 lung cancer
symptom domains in baseline, eight weeks, and six months afterwards. Significant differences were
not observed across all lung cancer symptom domains in this longitudinal study. It can be seen that
dyspnoea, coughing, pain in the chest, pain in the arm or shoulder, and pain in other parts differ
significantly across all the time points (p = 0.00). On the contrary, there have been no differences

within haemoptysis, sore mouth, dysphagia, peripheral neuropathy, and alopecia in baseline, eight
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weeks and six months post-treatment (p > 0.05). For more information regarding the differences

between the domains in two-time points, we conducted post-hoc pairwise comparisons (Table 4.9).
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Table 4.12 Post hoc pairwise comparison for EORTC QLQ-LC13 lung cancer symptoms domains

EORTC Baseline Baseline 8 weeks

QLQ-LC13 VS P value 95% CI VS P value 95% CI VS P value 95% CI
symptoms 8 weeks 6 months 6 months

domain Difference Difference Difference

Dyspnoea -14.9 ok -16.1--13.2 -13.5 ** -16--12.8 1.4 0.6 -1.7-1
Coughing -4 ok -59--19 -1.7 0.02 -4.6--0.3 2.3 0.2 -0.8-3.3
Haemoptysis 1.2 * 03-2 1.7 * 0.5-2.1 0.5 0.8 -04-0.5
Sore mouth -3.6 ok -52--23 -3.7 ** -45--1.2 -0.1 0.2 -2.5-0.7
Dysphagia -3.5 ok -47--2.4 -3.7 ** -4.7--2 -0.2 0.1 -22-03
Peripheral neuropathy -0.9 0.1 -25-04 -6 ok -8.2--4.1 -5.1 ok -7.8--4
Alopecia -1.1 0.03 -2.2--0.07 -6.4 ** -8.2--4.7 -5.3 ** -7.1--3.8
Pain in chest -14.1 ok -15.8--12.3 -8.9 * -11.9--8 52 ** 3-6.9
Pain in arm or -6.1 ok -84--42 -4.2 ** -7.8--3.2 1.9 0.1 -0.5-3.6
shoulder

Pain in other parts -2.4 0.04 -5--0.1 2.4 * -5.7--0.7 0 0.2 -39-1.1

Post-hoc pairwise comparison with Bonferroni correction. Statistical tests: paired t-test or Wilcoxon signed-rank test. *p<0.017; **p<0.001
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The above result (Table 4.12) represents a post-hoc pairwise comparison within each EORTC QLQ-
LC13 lung cancer-specific symptoms’ domains. Dyspnoea has a significant statistical and clinical
difference between the scores at baseline and those at eight weeks (14.9 points increase, p = 0.00). In
comparison, the scores between eight weeks and six months reveal no statistical or clinical difference,
indicating that dyspnoea has not recovered six months following the surgery. In most of the
symptoms’ domains, including coughing, haemoptysis, sore mouth, dysphagia, and pain in other
parts, there is no clinically meaningful difference between all the time points, although some of these
symptoms present statistically significant differences. This demonstrates that lung surgery has no or

little effect on these symptoms.

Additionally, peripheral neuropathy and alopecia did not change statistically or clinically from
baseline to eight weeks following surgery. Despite this, they have statistically increased from eight
weeks to six months, but not to the minimum clinical difference (5 points change, p = 0.00). However,
pain in the arm or shoulder has statistical but not minimal clinical increases eight weeks after lung
surgery (6.1 points increase, p = 0.00), whereas no statistical or clinical recovery appears to be evident
after six months. Figure 4.6 provides a representation of the trajectories of EORTC QLQ-LC13

symptoms scales.
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Figure 4.6 The trajectories of EORTC QLQ-LC13 symptoms domains at baseline, eight weeks, and six
months after lung cancer surgery.

4.3.4 First five years vs last five years' difference

This section examines the differences in quality of life and surgery data over the first five and last
five years. It is vital to confirm that there has been no difference in the entire cohort's surgical
approach or quality of life over the past ten years. Incision, resection, lobe, and six months

postoperative global health and dyspnoea were assessed (Table 4.13).

The results demonstrated no statistically significant difference in terms of resection type between the
two groups, p = 0.2. Similarly, the two groups have no statistically significant difference in the
resected lobe, p = 0.1. Only the surgical approach differs between the two groups (VATS versus

Thoracotomy). In the earlier group, VATS accounts for 45%, whereas VATS accounts for 59% in the
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latter group. Among the first group of patients, thoracotomy accounts for 54%, while in the second

group, it accounts for 40%.

The outcome measures of dyspnoea and global health are similar among the two groups, with p =

0.1 and 0.052, respectively (Figure 4.7-4.8).

Table 4.13 Difference in baseline characteristics between patients recruited in first five years vs. last five

years

Factor Group 1 Group 2 P value
(n=302) (n =604)

Incision

Thoracotomy 163 (54.3) 244 (40.4) ook

VATS 137 (45.6) 360 (59.6)

Resection

Lobectomy 214 (71.5) 458 (75.8) 0.2

Segmentectomy 9(3) 24 (3.9)

Wedge 55(18.3) 93 (15.4)

Pneumonectomy 10 (3.3) 19 (3.1)

Bilobectomy 11 (3.6) 10 (1.6)

Lobe

Upper 150 (52.8) 343 (57.1) 0.1

Lower 90 (31.6) 191 (31.8)

Entire lung 10 (3.5) 19 (3.1)

Upper bilobe 6 (2.1) 7(1.1)

Lower bilobe 6 (2.1) 4 (0.6)

Middle 18 (6.3) 34 (5.6)

6 months dyspnoea 33.3+333 33.3+333 0.1

6 months global health 64.3+22.7 67.8+21.8 0.052

Data are presented as numbers and percentages for categorical data. Group 1; 2010-2015, Group 2; 2016-2020,
VATS; video-assisted thoracic surgery. *p<0.05; **p<0.01; ***p<0.001
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Figure 4.8 The difference in 6 months postoperative global health between two groups of first
five years versus last five years, Group 1; 2010-2015, Group 2; 2016-2020
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4.3.5 Prediction of dyspnoea following lung resection of cancer

In this section, we examined predictors of dyspnoea six months after surgery (the primary outcome).
The median (IQR) time to completion of 6 months of PRO follow-up was 165 (+ 21) days. Among
the respondents, 343 (50.9%) reported increased dyspnoea six months after resection, while 44 (6.5%)
reported decreased dyspnoea and 286 (42.4%) reported no change in dyspnoea. The completion rates

for EORTC QLQ-C30 scores have been reported previously (Section 4.3.2).

4.3.5.1 Univariate analysis

Our initial goal is to examine the individual predictors of 6-month dyspnoea outcomes. Dyspnoea is
an ordered categorial variable with four levels, where O represents the least affected category of
dyspnoea, and 100 represents the most affected category of dyspnoea. Because of this order, ordinal
logistic regression is the first analysis type employed to analyse relationships between each factor
and six months dyspnoea. Consequently, those variables with a significance level of p <0.1 were
examined using multivariate ordinal or multinomial logistic regression analysis. Univariate ordinal

regression analyses for six months dyspnoea are summarised in Tables 4.14 — 4.19.

Table 4.14 Univariate Ordinal Regression analysis evaluating the associations between demographic factors
for six months dyspnoea

Parameter OR P value 95 % CI

Gender 0.8 0.3 0.6-1.1
Age 1.01 0.3 0.9-1.02
BMI 1.06 ok 1.02-1.08

BMI; body mass index, OR; odd ratio, CI; confidence interval. *p<0.1; **p<0.01; ***p<0.001
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Table 4.14 illustrates univariate regression using demographic factors. There is no statistically
significant association between age and gender and postoperative dyspnoea six months after surgery.
Conversely, BMI has a statistically significant relationship with postoperative dyspnoea at six months

(OR; 1.06, p = 0.00). Therefore, BMI will be assessed in multivariate regression analysis.

Table 4.15 Univariate Ordinal Regression analysis evaluating the associations between smoking factors and
six months dyspnoea

Parameter OR P value 95 % CI

Smoking quit time

Ref: Never

Current 4.1 otk 2.5-6.6
Ex-smoker <1 year 2.8 ok 1.6 -4.7
Ex-smoker >1 year 2.4 ok 1.6-3.5
Pack years 1.01 ok 1.01-1.02

Ref; reference level, OR; odd ratio, CI; confidence interval. *p<0.1; **p<0.01; ***p<0.001

Table 4.15 represents univariate ordinal logistic regression analysis for six months dyspnoea
examining the predictive value of smoking information. We can see that smoking quit time has a
positive significant relationship with six months dyspnoea (current smoker; OR; 4.1, p =0.00). Also,
we can note that the longer the quit time, the lower the odds of developing higher levels of dyspnoea
at six months. We can observe that Ex-smokers <1 year vs Ex-smokers>1 year have OR; 2.8 vs 2.4,

respectively. Pack years is also significantly associated with six months dyspnoea (OR; 1.01, p =

0.00).
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Table 4.16 Univariate Ordinal Regression analysis evaluating the associations between lung function and six
months dyspnoea

Parameter OR P value 95 % CI
FEVi(L) 0.68 HHE 0.5-0.8
%FEV] 0.98 HHE 0.97 - 0.98
FVC (L) 0.88 * 0.7-1.0
%FVC 0.99 * 0.98 - 0.99
%DLCO 0.97 Ak 0.96 - 0.98
%ppoFEV 0.98 ko 0.97 - 0.99
%ppoDLCO 0.96 Ak 0.96 -0.97

FEV1; forced expiratory volume for 1 second, FVC; forced vital capacity, DLCO; diffusing capacity for carbon
monoxide, ppoFEV; or ppoDLCO; predicted postoperative FEV; or DLCO, OR; odd ratio, CI; confidence
interval. *p<0.1; **p<0.01; ***p<0.001

Table 4.16 shows univariate regression analysis to investigate the association between lung function
and postoperative dyspnoea at six months. We can see that all lung function measures, including
FEVi, FVC, DLCO, ppoFEV1, and ppoDLCO are associated with six months dyspnoea. However,
we can note that FVC(L) has a marginal association with six months dyspnoea (p = 0.08). Yet, the

multivariate regression analysis will include all lung function factors for more evaluation.
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Table 4.17 Univariate Ordinal Regression analysis evaluating the associations between lung surgery and six
months dyspnoea

Parameter OR P value 95 % CI
Incision (Ref: VATS) 1.2 * 0.97-1.7
Side (Ref: Right) 1.02 0.8 07-13
Resection

(Ref: bilobectomy)

Lobectomy 0.5 0.16 0.19-1.3
Segmentectomy 0.6 0.5 02-22
Wedge 0.2 * 0.1-0.7
Pneumonectomy 1.2 0.7 0.3-4.0

Ref; reference, VATS; video-assisted thoracic surgery, OR; odd ratio, CI; confidence interval.

*p<0.1; **p<0.01; ***p<0.001

The above results (Table 4.17) represent the associations between lung surgery information and six
months of postoperative dyspnoea. We can observe that baseline incision is only marginally
significant with our outcome (p = 0.07). On the other hand, the side is not associated with dyspnoea
at six months. Among types of surgery, we can note that only wedge resection is statistically
significantly associated with six months dyspnoea (OR; 0.2, p = 0.01), yet other surgery types
(lobectomy, segmentectomy, and pneumonectomy) are not significantly associated with our
outcomes. Hence, the previous factors will be included in the multiple regression modelling,

excluding the surgery side.
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Table 4.18 Univariate Ordinal Regression analysis evaluating the associations between comorbidities and six

months dyspnoea

Parameter OR P value 95 % CI
COPD 2.7 *oHk 1.9-38
IHD 1.4 *0.09 09-23
Cardiac failure 1.01 0.9 04-22
Hypertension 1.07 0.6 0.8-1.4
Diabetes 1.1 * 1.1-4.5
Renal failure 9.9 0.11 0.6 - 149
Stroke 1.4 0.1 0.8-24
Thyroid disease 1.1 0.3 0.8-1.5
Anticoagulant use 1.03 0.5 09-1.1
ASA score 1.6 ek 1.3-2.1

COPD; chronic obstructive pulmonary disease, IHD; ischemic heart disease, ASA; American Society of

Anaesthesiologists score, OR; odd ratio, CI; confidence interval. *p<0.1; **p<0.01; ***p<0.001

The above analysis (Table 4.18) investigates the association between baseline comorbidities and

postoperative dyspnoea at six months. Clearly, there are positive associations between baseline COPD

and postoperative dyspnoea (OR; 2.7, p = 0.00). Moreover, IHD has a positive association with the

primary outcome, but the significance level is minor (OR; 1.4, p =0.09). By contrast, cardiac failure,

hypertension, renal failure, stroke, thyroid disease, and anticoagulant use have not exhibited

significant associations with six months dyspnoea (p >0.1). We can note that diabetes is statistically

significantly associated with postoperative dyspnoea in the univariate analysis (OR; 1.1, p = 0.02).

Lastly, the ASA score significantly correlates with dyspnoea at six months (OR; 1.6, p =0.00).

Therefore, we will involve COPD, IHD, diabetes and ASA score in the multivariate regression model.
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Table 4.19 Univariate Ordinal Regression analysis evaluating the associations between baseline dyspnoea,
and postoperative factors and six months dyspnoea

Parameter OR P value 95 % CI
Baseline dyspnoea 1.03 oAk 1.03 - 1.04
ECOG 23 *oHk 1.7-2.9

Perioperative factors

PPC 3.6 ok 2.0-6.6
LOS 1.1 ok 1.07 - 1.15
Hospital readmission 1.6 * 1.0-2.5
Chemotherapy 1.6 * 1.05-2.5

ECOG; The Eastern Cooperative Oncology Group performance status, PPC; postoperative pulmonary
complications, LOS; length of hospital stay, OR; odd ratio, CI; confidence interval. *p<0.1; **p<0.01;
##%p<0.001

Univariate analysis (Table 4.19) evaluates the relationship between baseline performance,
perioperative factors, and postoperative dyspnoea at six months. We can find that baseline dyspnoea
from EORTC QLQ-C30 has a significant positive relationship with six months dyspnoea (OR; 1.03,
p = 0.00). In addition, ECOG performance status is significantly associated with postoperative
dyspnoea at six months (p = 0.00). Moreover, all perioperative factors, such as PPC, LOS, and
hospital readmission, are positively associated with 6-month dyspnoea. Lastly, chemotherapy is

positively associated with dyspnoea (OR = 1.6, p = 0.02). For this reason, all the above factors will

be involved in the multivariate analyses and assessed for their predictive values.
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4.3.5.2 Multivariate analysis

In the present thesis the regression models were carefully selected based on extensive literature
review. Initially, I performed univariate regression analyses to recognise the factors that had p-value
less than 0.1, which were selected for inclusion in the multivariate models. To enhance the reliability
of the regression models, I evaluated multicollinearity among the factors included in the multiple
regression models and separated highly correlated factors [297, 298]. This assessment was one of the
key factors in the selection of models and determining which variables to include. Multicollinearity
can lead to unreliable estimates [298, 299]. In addition, it is important to limit the number of factors
in each model to avoid multicollinearity, which can result in model overfitting and affect the stability
of the results [298, 300]. Each model involved a key predictor (i.e., baseline dyspnoea, or baseline
global health) that was adjusted for other relevant factors, ensuring that its effects were accurately

estimated while accounting for potential confounders.

The independent variables included in the first model following the univariate regression analyses
were baseline dyspnoea adjusted for BMI, incision, resection, %oppoFEV1, %ppoDLCO, and %FVC.
There were 555 observations with all these variables that were included in the modelling process. The
numeric variables (Baseline dyspnoea, BMI, % ppoFEV1, %ppoDLCO, and %FVC) were tested for
multicollinearity using variance inflation factors (VIF), and the largest VIF was found to be 2.358,
which is not generally considered too large to include in the same model with other variables. Table

4.20 demonstrates the final model with three remaining variables.
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Table 4.20 Multivariate Ordinal Regression analysis for six months dyspnoea (Model 1)

Parameter OR P value 95 % CI
Baseline dyspnoea 3.07 oK 24-39
BMI 1.06 ok 1.02 - 1.09
ppoDLCO 0.97 ok 0.96 - 0.98
ppoFEV] 0.99 0.1 097-1.0
%FVC 1.0 0.1 0.99-1.0
Incision: VATS 1.0 0.8 0.7-1.4

(Ref: Thoracotomy)

Resection: Wedge 0.4 0.2 0.1-1.7
Segmentectomy 0.7 0.6 0.1-3.1
Pneumonectomy 0.5 0.4 0.1-24
Lobectomy 0.5 0.2 0.1-1.7

(Ref: Bilobectomy)

Ref; reference, BMI; body mass index, ppoFEV; or ppoDLCO; predicted postoperative forced expiratory
volume for 1 second or diffusing capacity for carbon monoxide, FVC; forced vital capacity, VATS; video-
assisted thoracic surgery, OR; odd ratio, CI; confidence interval. *p<0.05; **p<0.01; ***p<0.001

The proportional odds assumption was tested, and the result was y*(18) = 2.6, p = 0.300; there was
no evidence that the proportional odds assumption was unmet. Considering Table 4.20, it can be seen
that baseline dyspnoea and BMI both have positive associations with 6-month dyspnoea (p <0.001
for both), and thus, those with higher baseline dyspnoea and higher BMIs will be at greater risk for
more severe dyspnoea. As can be seen, ppoDLCO has a negative association with 6-month dyspnoea

(p <0.001), and patients with higher ppoDLCO are less likely to experience higher levels of dyspnoea,

Wald y2(11) = 157, p <0.001. It can be noted that incision, resection, %ppoFEV1, and %FVC are not
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statistically significantly associated with postoperative dyspnoea at six months (p = 0.6, p = 0.4, and

p = 0.2, respectively).

We intended to use ordinal logistic regression analysis to produce this model; however, the model did
not pass the test of the proportional odds assumption (¥%(4) = 11.293, p = 0.023). Therefore, the
second model employed multinomial logistic regression to assess the predictive role of baseline
dyspnoea, preoperative FEV |, preoperative % FEV1, preoperative FVC, %DLCO, smoking quit time,
and pack years. It is worth mentioning that due to the high correlation between the factors in the
previous model and these factors, we tend to separate them into two different models. There were 528
observations with all of these variables that were included in the modelling process. The numeric
variables (Baseline dyspnoea, Preoperative FEVi, Preoperative %FEV1, Preoperative forced vital
capacity (FVC), DLCO%, and pack-years) were tested for multicollinearity using variance inflation
factors (VIF). The largest VIF was 3.886, which is not generally considered too large to include in
the same model with other variables. Using the significance level (p<0.05), the variables removed
accordingly are preoperative FEV1, % FEV|, and FVC. Table 4.21 shows multivariate regression

analysis for the second model.
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Table 4.21 Multivariate multinomial Regression analysis for six months dyspnoea (Model 2)

Parameter OR P value 95 % CI
Baseline dyspnoea 3.23 oK 2.5-4.1
Current smoking 2.53 koE 1.33-4.82

(Ref: never)

%DLCO 0.98 ok 0.97 - 0.99
Pack years 1.009 koE 1.002 - 1.01
FEVi (L) 0.9 0.5 09-1.0
%FEV1 1.0 0.6 09-1.0
FVC (L) 1.0 0.3 09-1.0

Ref; reference, FEV; forced expiratory volume for 1 second, FVC; forced vital capacity, DLCO; diffusing
capacity for carbon monoxide, OR; odd ratio, CI; confidence interval. *p<0.05; **p<0.01; ***p<0.001

The proportional odds assumption was tested, and the result was y*(14) = 18.304, p = 0.193; there
was no evidence that the assumption was unmet. Table 4.21 shows that current smoking is the only
smoking quit time that is statistically significantly different from never smoking (OR; 2.53, p =
0.005). Current smoking has an odds ratio greater than one, meaning there is a greater probability that
one will experience dyspnoea than someone who has never smoked. Moreover, we can see that
baseline dyspnoea and pack years have significant positive associations with six-month dyspnoea (p
=0.002 for baseline dyspnoea and p = 0.009 for pack years), which means that individuals with higher
baseline dyspnoea and higher pack years will be at a greater risk for suffering from severe dyspnoea.
Based on our analysis, it can be seen that %DLCO is negatively associated with dyspnoea at six
months (p = 0.01), indicating that those with higher %DLCO are at lower risk of experiencing

dyspnoea, overall model fitness; Wald > (7) = 155.8, p <0.001. However, the rest of lung function
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parameters (Preoperative FEV1, Preoperative %FEV1, and Preoperative FVC) are not significantly

associated with postoperative dyspnoea at six months (p = 0.5, p = 0.6, and p = 0.3, respectively).

Using multinomial logistic regression analysis, the third model assessed the predictive value of
baseline dyspnoea, COPD, IHD, ASA score, and ECOG performance. There were 587 observations
with all of these variables that were included in the modelling process. All six variables are numeric
or indicator variables and were tested for multicollinearity using variance inflation factors (VIF). The
largest VIF was 1.323, which is not generally considered too large to include in the same model with
other variables. The variables removed from the model according to the significance level (p <0.05)
were COPD, ASA score, and IHD. Table 4.22 provides the final model with three completely separate
equations, one comparing the probability of the higher level of six-month dyspnoea (100) to the

probability of no dyspnoea.

Table 4.22 Multivariate multinomial Regression analysis for 6 months dyspnoea (Model 3)

Parameter OR P value 95 % CI
Baseline dyspnoea 11.5 otk 6.4 -20.5
ECOG 2.6 otk 14-4.6

COPD 1.2 0.5 0.6-23

[HD 0.5 0.2 02-1.5

ASA Score 1.4 0.2 0.8-2.4

ECOG; The Eastern Cooperative Oncology Group performance status, COPD; chronic obstructive pulmonary
disease, IHD; ischemic heart disease, ASA; American Society of Anaesthesiologists score, OR; odd ratio, CI;
confidence interval. *p<0.05; **p<0.01; ***p<0.001
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According to the analysis, baseline dyspnoea significantly increases the relative probability (relative
to no dyspnoea) of dyspnoea level (100) (odds ratio 11.535). The effect of ECOG is to significantly
increase the relative probability of experiencing the highest level of dyspnoea (odds ratio 2.6, p =
0.0001). Overall model fitness; Wald y* (15) = 171.1, p <0.001. On the other hand, COPD, IHD and
ASA score are not significantly associated with postoperative dyspnoea (p = 0.5, p=0.2,and p=0.2,

respectively).

In the last model below (Table 4.23), we primarily intended to use ordinal logistic regression
modelling; however, this model failed to pass the proportional odds assumptions (¥%(6) = 20.420, p =

0.002). Therefore, the multinomial logistic regression analysis is applied to this model.

The independent variables involved in this model were baseline dyspnoea, PPC, LOS, hospital
readmission, and chemotherapy. There were 671 observations with all of these variables that were
included in the modelling process. All the variables were tested for multicollinearity using VIF, and
the largest VIF was found to be 1.173, which is not generally considered too large to include in the

same model with other variables. Backward selection removed hospital readmission only.
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Table 4.23 Multivariate multinomial Regression analysis for 6 months dyspnoea (Model 4)

Parameter OR P value 95 % CI
Baseline dyspnoea 12.3 oAk 7.1-21.5
LOS 1.15 *x 1.0-1.2

PPC 3.1 * 1.0-94
Readmission 2.2 0.1 0.8-6.1
Chemotherapy 1.5 0.3 0.6-3.6

LOS; length of hospital stay, PPC; postoperative pulmonary complications, OR; odd ratio, CI; confidence
interval. *p<0.05; **p<0.01; ***p<0.001

The relationship between baseline dyspnoea and postoperative dyspnoea remains significant even
after adjustment for LOS, PPC, hospital readmission, and chemotherapy. Clearly, baseline dyspnoea
has a positive association with the postoperative dyspnoea at six months (p<0.001). Moreover, the
effects of LOS are significant in that they increase the relative probability (relative to no dyspnoea)
of the highest level of dyspnoea (100) (OR 1.15, p value p = 0.004). Lastly, it is evident from the
results that PPC has a significant effect on increasing the relative probability (relative to no dyspnoea)
of the highest level of dyspnoea (100) (OR = 3.1), p <0.001. However, Hospital readmission and
chemotherapy are not significantly associated with postoperative dyspnoea (p = 0.1, and p = 0.3,

respectively).
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4.3.6 Prediction of global health following lung resection of cancer

In this section, we assessed predictors of postoperative six months global health after lung cancer
surgery (secondary outcome) using baseline demographic, clinical and perioperative data along with
baseline global health measured from EORTC QLQ-C30. Approximately 234 (53.3%) respondents
reported a decline in their global health six months after surgery. On the other hand, respondents who
experienced an improvement or no change in their global health six months following surgery were
113 (25.7%) and 92 (20.9%)), respectively. The completion rates for EORTC QLQ-C30 scores have

been stated earlier (Section 4.3.2).

4.3.6.1 Univariate analysis

Our objective is to explore the individual predictors of 6-month global health. Global health is a
continuous variable where the lowest score represents the lowest global health (worst overall quality
of life), and the highest score represents the best overall quality of life. Because of this, we used linear
regression analysis. Accordingly, multivariate linear regression analysis assessed any variables with
a significance level of p <0.1. Table 4.24 — 4.26 demonstrates univariate regression analysis for six-

month global health.
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Table 4.24 Univariate linear Regression analysis for six months global health

Parameter Coefficient P value 95 % CI

Gender (Ref: male) -0.47 0.7 -3.83-2.89
Age 0.03 0.7 -0.14 - 0.21
BMI -0.37 * -0.7 - -0.04

Smoking quit time

Ref: Never

Current -14.3 otk -19.7--8.9
Ex-smoker <1 year -11.6 ok -17.6 - -5.6
Ex-smoker >1 year -6.3 roH -10.7 - -1.8
Pack years -0.12 ek -0.17 - -0.06
FEVi(L) 4.21 *x 1.9-6.5
%FEV] 0.14 ok 0.06 - 0.2
FVC (L) 1.7 * 0.11-3.4
%FVC 0.08 * -0.001 - 0.16
%DLCO 0.27 ok 0.17-0.37
%ppoFEV} 0.14 *x 0.05-0.22
%ppoDLCO 0.29 ok 0.18-0.39
Incision (Ref: VATS) -1.3 0.4 -4.7-2.0
Side (Ref: Right) 2.36 0.17 -1.04 -5.7

Ref; reference, BMI; body mass index, FEV;; Forced expiratory volume in 1 second, FVC; forced vital
capacity, DLCO; diffusing capacity for carbon monoxide, ppo; predicted postoperative, VATS; video-assisted
thoracic surgery, CI; confidence interval. *p<0.1; **p<0.01; ***p<0.001
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Table 4.25 Univariate linear Regression analysis for six months global health (continue)

Parameter Coefficient P value 95 % CI

Resection

(Ref: bilobectomy)

Lobectomy 13.6 * 1.3-25.8
Segmentectomy 10.04 0.18 -4.9-25.0
Wedge 12.04 0.6 -0.6 - 24.8
Pneumonectomy 9.7 0.2 -5.4-25.0
COPD -8.3 oAk -124--42
IHD -1.8 0.5 -7.6-3.9
Cardiac failure -3.0 0.5 -12.5-6.9
Hypertension 0.4 0.8 -3.0-3.9
Diabetes -1.1 0.3 -3.7-14
Renal failure -16.7 0.19 -41.9 - 8.5
Stroke -3.7 0.2 -98-24
Thyroid disease -2.7 0.11 -6.1-0.6
Anticoagulant use -0.5 0.3 -1.8-0.6
ASA score -5.9 ok -8.7--3.11

Ref; reference, COPD; chronic obstructive pulmonary disease, IHD; ischemic heart disease, ASA; American
Society of Anaesthesiologists score, CI; confidence interval. *p<0.1; **p<0.01; ***p<0.001
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Table 4.26 Univariate linear Regression analysis for six months global health (continue)

Parameter coefficient P value 95 % CI

Baseline global health 0.49 oAk 04-0.5

ECOG -8.6 oAk -11.5--5.7
PPC -13.5 oAk -20.0--7.0
LOS -0.99 oAk -1.4--0.5
Hospital readmission -5.7 * -11.1--0.2
Chemotherapy -8.08 *x -13.2--2.9

ECOG; The Eastern Cooperative Oncology Group performance status, PPC; postoperative pulmonary
complications, LOS; length of hospital stay, CI; confidence interval. *p<0.1; **p<0.01; ***p<0.001

We examined 31 baseline demographic, clinical data, and perioperative factors in the univariate linear
regression analysis. Table 4.24 shows that BMI, smoking quit time, pack years, FEV, FVC, DLCO,
ppoFEV1, and ppoDLCO are significantly associated with postoperative global health at six months
using the significance level 0.1. Therefore, these factors will be included in the multiple linear
regression analyses. On the contrary, gender, age, incision, and surgery side are not significantly
associated with six months global health. Hence, these factors will not be assessed in our multivariate

regression.

In Table 4.25-4.26, lobectomy, COPD, ASA score, baseline global health, ECOG, PPC, LOS, hospital
readmission and chemotherapy are statistically significantly associated with six months global health
(P<0.1). In contrast, other types of resection and other comorbidities have no statistically significant

association with six-month global health.
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4.3.6.2 Multivariate analyses
To assess the role of baseline global health in predicting postoperative global health at six months,
we performed multivariate linear regression analysis adjusting baseline global health for different

factors in each model.

The independent factors included in the first model following the univariate regression analyses for
predicting six months global health were baseline global health adjusted for BMI, preoperative
smoking quit time, pack years, resection, %ppoFEV1, %ppoDLCO. There were 557 observations with
all these variables that were included in the modelling process. The numeric variables (Baseline
global health, BMI, % ppoFEV1, %ppoDLCO, and pack-years) were tested for multicollinearity using
variance inflation factors (VIF), and the largest VIF was found to be 1.43, which is not generally
considered too large to include in the same model with other variables. In addition, the researcher
assessed the linearity between each continuous variable, and the outcome evaluated the residual errors
for each regression model and found that the residual errors of the regression line are approximately
normally distributed. Lastly, almost all our data is homoscedastic; if otherwise noted, the author
followed a method for reducing the effect of heteroskedasticity by utilising a heteroskedasticity-
consistent standard error (HCSE) estimator of OLS parameter estimates [301]. Table 4.27 represents

the first multivariate regression analysis for six months global health.
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Table 4.27 Multivariate linear Regression analysis for 6 months global health (Model 1)

Parameter coefficient P value 95 % CI

Baseline global health 0.45 oAk 0.35-0.55
BMI -0.44 *x -0.75 -0.14
Current smoking 9.1 ok -14.8--34

(Ref: Never)

ppoDLCO 0.17 *x 0.06 - 0.27
ppoFEV, 0.01 0.7 -0.7-0.1

pack-years -0.02 0.4 -0.8-0.3

Resection: Wedge -31.3 0.1 -69.2 - 6.4
Segmentectomy -30.4 0.1 -68.9 - 8.0
Pneumonectomy -24.0 0.2 -62.6 - 14.6
Lobectomy -25.8 0.1 -63.4-11.7

(Ref: Bilobectomy)

Ref; reference, BMI; body mass index, ppoFEV, or ppoDLCO; predicted postoperative forced expiratory
volume for 1 second or diffusing capacity for carbon monoxide, CI; confidence interval. *p<0.05; **p<0.01;
skkosk

p<0.001

As shown in Model 1, the variables statistically significantly predicted six months global health F (4,
534) =44.9, p = 0.00, and R? = 0.25. Baseline global health is still statistically significant even after
adjusting for several factors (coefficient; 0.45, p <0.00). BMI shows a negative association with
global health six months following lung surgery, meaning that a 1 unit increase in BMI can lead to a
0.44 decrease in postoperative global health. In addition, current smoking has a negative significant
association with six months global health, meaning the patients who are current smokers at the time
of surgery would exhibit 9.1 scores lower in global health compared to those who had never smoked.

Lastly, ten units increase in ppoDLCO can lead to a nearly two points increase in postoperative global
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health (p=0.001). We can also conclude that ppoFEV, pack years, and resection type are not

significantly associated with postoperative global health at six months (p>0.05).

The second model incorporated baseline global health adjusted for lung function, including
preoperative FEV, preoperative %FEVi, %DLCO, and preoperative FVC. Note that VIF is 2.1,
which is not considered too large to include these factors in the model. Table 4.28 illustrates the final

model for this analysis.

Table 4.28 Multivariate linear Regression analysis for six months global health (Model 2)

Parameter coefficient P value 95 % CI
Baseline global health 0.49 oAk 0.39-0.58
%DLCO 0.16 ok 0.07-0.25
FEVi (L) -0.01 0.5 -0.07 - 0.04
%FEV1 0.06 0.1 -0.3-0.1
FVC (L) 0.01 0.3 -0.02 - 0.05

DLCO; diffusing capacity for carbon monoxide, FEV; Forced expiratory volume in 1 second, FVC; forced
vital capacity, CI; confidence interval. *p<0.05; **p<0.01; ***p<0.001

The factors in Model 2 predicted the postoperative global health at six months; F (2, 535) =75.07, p
= 0.00 and R*= 0.19. Even after adjusting for lung function, baseline global health remains an
important predictor of postoperative global health. Those with a high level of baseline global health
have a relatively higher level of postoperative global health. A patient with a baseline global health
score of 10 units greater can be predicted to have at least five scores higher in the six-month global
health score when compared to a patient with a baseline health score of 10 units lower. The %DLCO

has also been found to be positively related to postoperative global health after six months.
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Accordingly, those with DLCOs that are ten units higher will have nearly two points higher in their
global health scores six months after surgery. Neither preoperative FEV, nor preoperative FVC are

significantly associated with postoperative global health (P >0.05).

The third model below involved baseline global health, COPD, ASA score, and ECOG performance
status. It should be noted that VIF is 1.1, which is not deemed too large to include these factors in the
model. The remaining factors in the model statistically significantly predicted postoperative global
health: F (2, 559) = 47.08, p = 0.00 and R? = 0.19 (Table 4.29). Baseline global health is still
statistically significantly predicting postoperative global health (p = 0.00). COPD and ASA score are
not significantly associated with six-months global health. In contrast, ECOG performance score of
1 compared to a better ECOG score of 0 has a significant relationship with six months global health.
Consequently, patients with an ECOG score of 1 would experience a nearly 5-point reduction in

global health at six months compared to those with a score of 0 (p =0.01).

Table 4.29 Multivariate linear Regression analysis for six months global health (Model 3)

Parameter coefficient P value 95 % CI

Baseline global health 0.44 otk 0.33-0.55
ECOG (1) -4.6 * -8.2--1.0
Ref: 0

COPD -2.4 0.2 -6.2-14
ASA score -2.1 0.1 -6.0--0.3

ECOG; The Eastern Cooperative Oncology Group performance status, Ref: reference, COPD; chronic
obstructive pulmonary disease, IHD; ischemic heart disease, ASA; American Society of Anaesthesiologists
score, CI; confidence interval. *p<0.05; **p<0.01; ***p<0.001
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The fourth model (Table 4.30) evaluated the association between baseline global health, perioperative
factors involving LOS, PPC and hospital readmission, as well as chemotherapy with postoperative
global health at six months. We have investigated multicollinearity and found that VIF = 1.01, which

is considered not too large to include these factors in the model.

Table 4.30 Multivariate linear Regression analysis for 6 months global health (Model 4)

Parameter coefficient P value 95 % CI
Baseline global health 0.5 ok 0.41-0.59
Chemotherapy -7.4 kok -11.9--3.02
LOS -0.6 ** -1.1--0.19
PPC -0.6 0.8 94-82
Readmission -1.9 0.5 -7.8-3.8

LOS; length of hospital stay, PPC; postoperative pulmonary complications, CI; confidence interval. *p<0.05;
**p<0.01; ***p<0.001

From the above model, we can clearly see that the factors statistically significantly predicted the six
months global health; F (6,411) = 26.64, p = 0.00 and R? =0.26. We can note that baseline global
health has a positive significant relationship with postoperative six-months global health. In contrast,
LOS and chemotherapy have a negative association with six months global health; as patients have
ten days longer hospital stay, the six-months global health would reduce by almost six scores (p =
0.01). Similarly, a 1 unit increase in chemotherapy would reduce the postoperative global health by
7.5 scores (p = 0.001). On the other hand, PPC and hospital readmission show no association with

postoperative global health at six months (p = 0.8, and p = 0.5, respectively).
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4.4 Discussion

As demonstrated in this study, collecting PRO from cancer patients who underwent lung resection is
feasible. Additionally, we found that the main characteristics of the respondent and non-respondent
patients that may impact PRO completion were parallel. The reduction in baseline completion rate is
small and could be due to the short time between receiving the questionnaire and the operation date.
This data showed that 75% of the patients completed the questionnaire at six months. According to
the present results, we achieved a reasonable response rate for a large cohort compared with other
studies with smaller sample sizes, as our longitudinal study involved 906 cancer patients. Our study
also included older cancer patients undergoing lung resection therapy and other coexisting
comorbidities. A similar study involved 95 lung cancer patients with VATS had 72% completion rate
at six months [106]. This study has a higher response rate even though nearly half of the patients had

a thoracotomy approach and a larger sample size.

This study indicates that cancer patients with lung resection have suffered from deterioration in global
health and most functioning domains, including physical, role and social functioning. In addition, the
patients have not experienced any recovery in their global health or physical functioning even after
six months of intervention, while the rest of the functioning domains have recovered at that time.
Previous studies have confirmed that global health and physical functioning have declined
immediately after lung surgery and have not been restored to baseline levels six months after surgery
[126]. In contrast, other studies noted that both physical domain and global health declined shortly
following the lung surgery but returned to the preoperative levels. Yet, these studies explored patients

with minimally invasive surgeries and smaller sample sizes [11, 106, 107].

Regarding symptom change, our study demonstrated that dyspnoea increased significantly in scores
after surgery without recovery at six months and was the symptom with the greatest increase in score

among the other symptoms. Our results align with previous findings that noticed that following lung
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surgery, patients continued to experience increased dyspnoea [104]. Our results revealed that fatigue,
pain, appetite loss, and constipation worsened eight weeks after the procedure. Still, these symptoms
have improved six months later but have not returned to preoperative levels. These findings mirror
those of the prior studies that highlighted the improvement of these symptoms but did not return to

baseline scores six months after intervention [106].

EORTC QLQ-LCI3 trajectories confirmed our QLQ-C30 findings and showed a long-term
detrimental effect of surgery on dyspnoea, with no recovery found in this symptom at six months.
Moreover, chest pain was impacted shortly by the lung surgery; however, it showed steady
improvement but hasn't returned to baseline levels in six months after treatment. This result is in

accordance with previous results that acknowledged that pain in the chest had improved but not

reached the baseline levels [106, 126].

In this study, we found that there have been no differences between the patients recruited in the first
five years and last five years in terms of surgical resection and resected lobe; the only difference
found was in the surgical incision, as the tendency of using a minimal invasive approach (VATS) has
increased in the last five years. Yet the patients’ outcome measures of dyspnoea and global health

were not significantly different between the two groups.

The patient-reported outcome (PRO) for patients undergoing various treatment types has attracted
increasing interest in recent years. Despite the fact that some studies have shown that many patients
undergoing lung cancer surgery suffer from a continuous increase in dyspnoea for a long time [104],

few studies have treated patients and reported dyspnoea in detail.

This prospective longitudinal study aimed to examine baseline and perioperative predictors of
postoperative quality of life six months after surgery, focusing on global health and dyspnoea. The

present study investigated risk factors for dyspnoea deterioration six months following lung surgery
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in 673 patients, assessing several baseline demographics, clinical, QoL and perioperative factors.
Nearly half of the respondents in our study suffered from dyspnoea increase compared to their

baseline scores, surpassing the MCID threshold.

Our study revealed that baseline dyspnoea is significantly associated with postoperative dyspnoea
even after adjusting for these factors. Similarly, previous studies that evaluated baseline dyspnoea
and its correlation with long-term dyspnoea after lung cancer surgery found that it was associated
with long-term dyspnoea after lung cancer surgery (OR =5.31) [169]. In our results, surgical approach
was not significantly associated with postoperative HRQOL at six months. Although studies reported
that VATS was superior to open surgery in terms of postoperative outcomes, including HRQOL [153,
302], other studies revealed a significant decline in short-term HRQOL within one to three months in
patients with thoracotomy, but returned to preoperative levels by six to nine months [98, 296]. This
indicates that thoracotomy has a noticeable effect on patients' HRQOL in the short-term following
lung resection, while the long-term impact on HRQOL may be comparable to the other approach.
Additionally, our study found that increased BMI is associated with worse postoperative dyspnoea.
In other studies, BMI was associated with breathlessness in different cohorts [303, 304]. One reason
why only a higher BMI was associated with dyspnoea is that our cohort has a mean BMI of 27.2,
which is considered overweight, whereas only 22 participants (2.4%) are deemed underweight (BMI
<18.5). As expected, our analysis indicates that ppoDLCO and preoperative DLCO have a negative
relationship with dyspnoea. This means that increased baseline DLCO or ppoDLCO would increase

the odds of having lower levels of dyspnoea.

Moreover, our results confirmed the positive association between smoking and postoperative
dyspnoea. It was not surprising that patients who did not quit smoking before surgery had a
significantly higher risk of experiencing dyspnoea compared to those who had never smoked.

Additionally, we noted a positive association between increased pack years and an increase in
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dyspnoea 6 months after surgery. Our results revealed that patients with high baseline ECOG level
(poorer performance) are expected to higher chances for experiencing higher levels of dyspnoea

compared to those with low ECOG. A careful evaluation of baseline ECOG performance is essential.

The results of this study are consistent with those reported in previous literature. According to a large
study that examined the associated factors of dyspnoea in 923 patients with different types of cancer,
smoking history represents a significant risk factor [94]. Other studies have confirmed that people
with a smoking history of more than 20 pack-years’ experience more frequent breathlessness [303].
Similarly, another study evaluated correlations with dyspnoea after lung resection in a period of one
to six years, finding that an increase in DLCO was negatively associated with long-term dyspnoea
with an odd ratio of 0.98, which is equal to the odd ratio in our analysis [169]. Furthermore, it has
been demonstrated that low performance at baseline is one of the major risk factors for many cancer

patients [161, 173, 305].

In addition, our analyses found that perioperative events impact postoperative dyspnoea; both PPC
and LOS have been positively associated with the highest levels of dyspnoea. Our finding is in line
with previous research that examined HRQOL for cancer survivors over 5 and 10 years; dyspnoea
statistically significantly deteriorated in patients who had postoperative complications versus those
who did not experience any complications during the follow-up period [306, 307]. Lastly, our results
show that dyspnoea is not significantly associated with adjuvant chemotherapy. These findings are
consistent with those of previous studies. Park et al. evaluated the change of HRQOL using EORTC
QLQ-C30 and LC13 in 139 patients with resected lung cancer and received adjuvant chemotherapy
treatment [308]. They noted no significant change in dyspnoea score after four chemotherapy cycles
and stated that chemotherapy has no major impact on dyspnoea. These findings were highlighted in
previous research [94]. Although it is widely acknowledged that chemotherapy could induce

pulmonary pneumonitis or other chronic pulmonary injury [309], the results demonstrate that
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chemotherapy did not affect patients’ dyspnoea. Possibly, this result can be explained by the fact that
this study did not include information regarding the difference in chemotherapy doses and the number
of cycles received by the patients. Yamada et al. concluded that pulmonary injury in patients receiving

chemotherapy depends on the dose and the volume of received chemotherapy [309]

For cancer patients undergoing lung resection, we demonstrated that subjective viewpoints of baseline
global health scores are significantly associated with postoperative global health scores. The findings
of our study suggest that preoperative QoL measures should be considered alongside other
preoperative factors when assessing cancer patients prior to lung resection. To our knowledge, most
studies focused on determining predictors of HRQOL in cancer patients after lung surgery come from
smaller samples or concentrate on different outcomes. We noticed that more than half of the patients
suffered from lower global health six months following lung surgery, implying a worse overall quality
of life. This research indicates that patients with higher baseline global health scores can end up with
higher postoperative global health scores. The results of our study are supported by the results of a
study conducted by Marzorati et al., which examined one-year quality of life trends among lung
cancer patients following lobectomy using the EORTC QLQ-C30, indicated that patients with higher
global health scores in the first month following their treatment had better scores after a year and
even experienced a better recovery [128]. Based on our regression model, we have found a negative
relationship between baseline BMI and global health. The global health of patients with higher BMI
is more likely to worsen six months after lung surgery. The findings were noted in the dyspnoea
outcome section, as well as a possible explanation was provided. This finding is in agreement with
those reported in Gil and colleagues' prospective study of 157 cancer patients using the SF-36 and
FACT-G questionnaires to assess HRQOL and BMI. A majority of the subjects in their cohort were
obese or overweight, and they reported that higher BMI was negatively correlated with HRQOL when

analysed using both univariate and multivariate regression methods. This study's results indicate that
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BMI is a significant factor in determining HRQOL in cancer patients [310]. A recent research by
Montagnese and colleagues included breast cancer survivors and found that those who lost weight

had an improved global health status [311].

Evidence shows that continuing to smoke after lung cancer surgery is associated with a poor quality
of life following surgery [180, 312]. Following the recommendations of the European Society of
Thoracic Surgeons (EST) and the Enhanced Recovery After Surgery Society (ERAS), smokers should
quit for at least four weeks before surgery [313]. Similarly, our findings demonstrate that patients
who haven’t quit smoking would experience a negative impact on their global health and overall QoL
afterwards. Additionally, patients with a lower baseline ppoDLCO were found to have a greater risk

of global health decline. In previous studies, similar results have been observed [11, 168].

In line with our findings that DLCO is positively associated with postoperative global health, Pompili
et al. noted that patients with poor global health had relatively lower DLCO (p = 0.02) [150]. Our
analyses also showed that patients with higher ECOG performance status, implying lower
performance at baseline, significantly decreased global health six months after surgery. For example,
patients with an ECOG performance of 1 are likely to have a nearly 5 scores decline in postoperative
global health compared to those with an ECOG performance of 0. A similar finding was reported by
other studies, which found a relationship between ECOG performance and QoL, including global
health and overall QoL [314-316]. As for perioperative factors, our study indicates that patients who
have a longer hospital stay are likely to have the worst quality of life at 6 months due to profound
health consequences [317]. This result is consistent with the findings of other studies that found a
significant correlation between LOS and quality of life [8, 317]. This finding differs from that of
Stricker et al., who found that HRQOL was comparable between patients with short and long LOS

(i.e., longer than seven days) a year following intensive care unit (ICU) admission [318]. Their study,
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however, has limitations due to its small sample size (75 patients per group) and low response rate
(65%). In our study, 906 patients were examined, with a response rate of around 75%. Lastly, adjuvant
chemotherapy is associated with reduced postoperative global health. This is in line with previous
literature that demonstrated the effect of chemotherapy on postoperative QoL in resected lung cancer
patients [183]. However, their study suffered from the small sample size. In addition, they utilised the

FACT-G and L instruments, which are less sensitive than the EORTC-QLQ C30 [142].

4.5 Limitation and Future Work

One limitation of this study is that the response rate to PRO from the total cohort of participants had
declined to 75% at six months following lung cancer surgery. Nevertheless, there is a significant
strength of this study, which is the fact that it represents one of the largest studies available on HRQOL
and dyspnoea for cancer patients who have undergone lung surgery, as it examines these factors in a
great deal of clinical detail. Also, the size and robust nature of this study make it a valuable
contribution to the field. Another limitation is that the investigation has not collected the possible
reasons for the baseline dropdown, eight weeks and six months PRO. Yet, this study demonstrated no
difference between those who completed the questionnaire and those who haven’t completed the

questionnaire in a wide range of factors.

Some patients received adjuvant chemotherapy in addition to surgery, which would also negatively
impact their QoL, and the dose and number of cycles were not collected and included in the analyses;
however, we investigated the impact of chemotherapy on patients’ QoL. Lastly, our study involved
low incidence of postoperative pulmonary complications, relatively short hospital length of stay and
low hospital readmission rates. It would be desirable to perform a predictive analysis for these
outcomes. This study identified the critical factors associated with postoperative dyspnoea and global

health in lung cancer surgery patients in six months. In addition, extended research is needed to
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determine the factors contributing to the reduction in patient compliance concerning completing
longitudinal PROs. In conclusion, baseline PRO, including dyspnoea and global health, is
significantly associated with postoperative HRQOL and assessment of PRO in parallel with clinical
factors is vital. Using data from both the early and late years of recruitment, we concluded that there
is no significant difference in the baseline surgical data or the QoL outcomes between these two

groups of patients.
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Chapter 5. Quantitative Computed Tomography of Emphysema in

Predicting Postoperative Quality of Life

5.1 Introduction

5.1.1 CT-based prediction of postoperative quality of life

Increasing evidence suggests that chronic obstructive pulmonary disease (COPD) may impact lung
cancer [319]. COPD itself does not affect long-term survival in lung cancer patients undergoing
surgical treatment. However, patients with COPD are at higher risk of developing postoperative
complications than those with normal pulmonary function [320]. In addition, COPD was found to be
associated with dyspnoea and, subsequently, poor HRQOL in a large study involving 923 cancer

patients [94].

CT densitometry is a highly accurate approach for quantifying emphysema. Clinical studies have
shown a significant correlation between CT densitometry measurements in HU and microscopic and

macroscopic measurements of pulmonary emphysema [193, 194].

Dyspnoea is a common symptom of lung cancer that can negatively affect the physical, social, and
psychological well-being of lung cancer patients [91]. There is a lack of information regarding the

relationship between CT emphysema and patients' reported outcomes using EORTC QLQ-C30.

Contrast administration on CT scans has been reported to influence density measurements of
emphysema [321]. Previous reports showed that contrast application may increase the density of
emphysema to some extent [322]. Since contrast-enhanced CT scans are part of clinical investigations
for lung cancer patients, this study aimed to assess the association between contrast-enhanced QCT

of emphysema using %LAA and lung volume and postoperative QoL. Besides, we will employ
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several density thresholds due to the impact of contrast administration on shifting these densities. In
addition, we aimed to investigate the association between unenhanced CT scans of emphysema and
QoL as well. Lastly, we will compare the density measures of contrast-enhanced and unenhanced CT

scans.

5.2 Methods

5.2.1 CT scan

This is a retrospective study; as part of lung cancer patients’ clinical assessment, clinics employed
contrast CT scans in almost all CT scans. As a result, this study involved two sets of CT scans, contrast
and non-contrast CT scans, while the latter was limited in number. Due to the impact of contrast
application on the CT density measurements, it was reported that contrast CT could increase the
density [321]; this study involved %LAA-925 as an extra threshold to %LAA-950 and %LAA-910

in contrast-enhanced CT scan analysis.

5.2.2 CT scan analysis software

In recent years, several commercial software and open platforms have been developed, making it
relatively easy for users to access and use lung densitometry [190]. The presented study employed
3D slicer, an open platform involving morphometric and lung parenchyma analysis [190]. Chest
Imaging Platform (CIP) is an extension module of 3D slicer that allows segmentation of the lung
lobes and quantification of the emphysema; the method of utilising this tool was explained in Section
3.2.4, whereas data output is demonstrated below in Section 5.3.2. This process takes approximately
15 minutes per patient's scan for semi-automated quantification of emphysema. The detailed

methodology for this chapter is described in Section 3.2.
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5.2.3 Statistical analysis

The predictive value of CT scans was tested using ordinal and linear regression analyses. A
comparison between contrast-enhanced and unenhanced CT scans was investigated, and Bland
Altman Plots were illustrated. Details of statistical analysis are explained in Section 3.2.5. All
statistical analyses implemented Stata 18.0 statistical software (Stata Co., College Station, TX) or

SPSS version 29 (IBM Corp.).

5.3 Results

5.3.1 Baseline Characteristics for Patients Included in Contrast-enhanced CT Analysis

A total of 906 patients were screened for inclusion in contrast-enhanced CT scan analysis for
emphysema; the CT scans were acquired between 2010-2020. 94 consented patients with contrast
CT scans were included in the final analysis. Subjects excluded were 243 with no CT scan records,
183 had unenhanced CT scans, and 271 had no baseline CT scans. Also, 105 CT scans were excluded
for other reasons, such as CT scans were only thoracic or abdominal, CT scans were acquired one
year before the intervention, sharp kernel use, or more than 1 mm slice thickness. Other 10 CT scans
were excluded due to the failure of the software to analyse the scans (Figure 5.1). Table 5.1-5.3
summarises the included patients' baseline characteristics. Details about EORTC QLQ-C30 global
health and dyspnoea scores at baseline and six months following lung cancer surgery are presented

in Table 5.4.
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Assessed for
contrast CT scan

n =906

Excluded with reasons

n = 697
No CT scan records
n=243
Non contrast CT
n=183
No baseline CT
n=271

Contrast CT
scans
n=209

Excluded with reasons
n =105
Only thoracic or
abdominal CT scans
n=44
Baseline CT > 1 year
n=5
Sharp Kernel CT
n=28
More than 1 mm slice
thickness
n=33
Poor CT quality
n=15

Contrast CT
scans
n=104

Excluded with reasons
n=10
Software processing
issues

Contrast CT
scans included
n=94

Figure 5.1 Flow chart of Contrast CT inclusion in the

study
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Table 5.1 Baseline characteristics of 94 patients included in the study

Characteristic Total
(n=94)
Age 69.4+6.9
Gender (male) 56 (59.57)
BMI 27.04 £ 4.8
Smoking quit time
Current 22 (23.91)
Ex-smoker (6 weeks > 1 year) 11 (11.96)
Ex-smoker (> 1 year) 51(55.43)
Never smoker 8 (8.7)
Pack years 42.1+30.3
FEV: (L) 2.7+0.7
% FEV, 77.7 £20
FVC (L) 34+099
% FVC 103.3 +£20.05
%DLCO 77.09 + 18.8
ppoFEV, 63.55 £ 18.1
ppoDLCO 62.55+14.6
Surgical Incision (VATS) 45 (57.45)
Surgery Side (Right) 48 (51)
Upper lobe 59 (63.4)
Lower lobe 28 (30.1)
Bilobe 3(33.2)
Middle lobe 3(33.2)
Lobectomy 78 (82.9)
Segmentectomy 3(3.2)
Wedge 11 (11.7)
Bilobectomy 3(3.2)

Data are presented as mean (median) and standard deviation (interquartile range) or numbers and percentages
for categorical data. BMI; body mass index, FEV; forced expiratory volume in 1 second, FVC; forced vital

capacity, DLCO; diffusing capacity for carbon monoxide, ppoFEV, or ppoDLCO; predicted postoperative
FEV:or DLCO. VATS; video-assisted thoracic surgery.
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Table 5.1 summarises baseline demographic and smoking data for 94 patients with baseline contrast

CT scans. Median age is 69 years, and more than half of the patients are male (59.5%). The mean

BMI is 27.04, and 55% of the patients have quit smoking for more than one year, while the minority

of the patients are never smokers (8%). Mean FEV (L) is 2.7 and mean %FEV is 77.7. The mean

DLCO is 77, and the mean ppoDLCO is 62.5. Regarding surgical information, we can note that more

than half of the cohorts (57%) had VATS surgical approach, and half had their surgery on the right

side. Furthermore, most surgeries were on the upper lobe (63.4%) and lobectomy (82.9%).

Table 5.2 Baseline characteristics of 94 patients included in the study (continue)

Characteristic Total
(n=94)
Postoperative histology
Adenocarcinoma 51 (54.84)
Squamous cell carcinoma 26 (27.96)
Carcinoid 7 (7.53)
Cancer stage
T1 41 (47.67)
T2 32 (37.21)
T3 9(10.47)
T4 3(3.49)
NO 65 (78.31)
N1 9(10.84)
N2 9(10.84)
MO 80 (85.1)

Data are presented as numbers and percentages for categorical data. T; tumour size staging, N; lymph node

involvement, M; metastasis, COPD; chronic obstructive pulmonary disease, IHD; ischemic heart disease.
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Table 5.2 represents postoperative histology as well as patients’ comorbidities. We can note that 54%
of the cancers were adenocarcinoma, while 27% were squamous cell carcinoma. The majority of the

patients had stages T1 stage (48%), NO stage (78%), and MO (85%).

Table 5.3 Baseline characteristics of 94 patients included in the study (continue)

Characteristic Total
(n=94)
Other measures
ASA score >3 59 (62.77)
ECOG Performance Score <2 92 (97.88)
MRC 0 58 (61.7)
MRC 1 36 (38.2)
Perioperative Outcomes
Hospital mortality 0 (0%)
Postoperative pulmonary complications 10 (10.64%)
Hospital readmission 13 (14.29%)
Hospital length of stay (days) 5+(5)

Data are presented as mean (median) and standard deviation (interquartile range) or numbers and percentages
for categorical data. ASA score; American Society of Anaesthesiologists’ classification of physical health,
ECOG; Eastern Cooperative Oncology Group performance status.

As seen in Table 5.3, 63% of participants had an ASA score of 3 or higher, whereas 98% of the patients
had an ECOG performance score of less than 2. Moreover, 61.7% of the patients had MRC score of
0. In terms of perioperative outcomes, we can find that most patients did not suffer from these
outcomes, with 0% hospital mortality, 14% hospital readmission, 10% postoperative pulmonary

complications and a median hospital length of stay of 5 days.
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Table 5.4 Summary of EORTC QLQ-C30 dyspnoea and global health scores of 94 patients

EORTC QLQ-C30 domain Total
(n=94)
Baseline dyspnoea 0+33.33
Baseline global health 83.33£25
six months dyspnoea 33.33+£33.33
six months global health 75 +33.33

Data are presented as mean (median) and standard deviation (interquartile range).

Table 5.4 illustrates EORTC QLQ-C30 dyspnoea and global health scores at baseline and six months
after this cohort's intervention. In this cohort, dyspnoea has increased above the minimal clinically
significant difference in six months to 33.33 compared to a baseline value of 0. The global health
index has decreased to 75 from 83 at baseline, but the amount of reduction has not reached the

minimally clinically significant level.

5.3.2 Quantitative CT of emphysema output
CIP provides data in the form of a spreadsheet, which includes values for the whole lungs, the right

lung, the left lung, and each of the five lobes. Measures include:

o %LAA-950, %LAA-925, %LAA-910, %LAA-856

e 10™ percentile and 15™ Percentile

e Mean lung density (MLD) and standard deviation

e Volume

e Other measures were not employed in this analysis, including the high attenuation area
(HAA) percentage.

e Lung density histogram (Figure 5.2)
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Most scans passed through the CIP analysis steps without difficulties (Figure 3.2, Section 3.2.4);
however, ten scans could not be processed. Despite the placement of additional fiducials, the lobes

failed to segment as intended. Figure 5.3 represents the failure of the lobar segmentation.

Lung Density Histogram
100000
WL
W LUL
M LeftLung
W RLL
H RML
H RUL
M RightLung
I WholeLung

80000

60000

40000

Frequency

20000

-20000 m
-1400 -1200 -1000 -800 -600 -400 -200

Density (HU)

Figure 5.2 An example of CIP lung density histogram output, LLL; left lower lobe, LUL; left upper lobe,
RLL; right lower lobe, RML; right middle lobe, RUL; right upper lobe

Figure 5.3 An example of failure of lobar segmentation by CIP
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Table 5.5 Summary of CIP data output of 94 contrast-enhanced CT scans

Measured Lung ~ %LAA-950 %LAA-925 %LAA-910 PDI15 Volume (L)
Whole lung 1.2+3.7 52+10.6 11 +15.1 -902.3+£258 53+£1.1
Right lung 1.1+£3.92 5.6 +12.5 10.6 £ 16 -902.5+269 2.8+0.6
Left lung 1.09+3.8 4.7+93 10.5+ 14.1 -900.9+£255 24+05
RUL 1.17+0.18 53+11.9 9.6 +18.9 -902.6£29.5 1.07+0.2
RML 1.7+£4.28 6.9+134 14.8+22.75 -891.9+189.1 0.49=+0.1
RLL 0.67+2.5 3.1+£7.1 6.9+11.6 -893.3 +30.3 1.3+£0.3
LUL 14+34 6.5+11.7 129+ 194 -906 + 25.8 1.3+£0.2
LLL 0.63+1.54 25+54 5.1+10.9 -889.1 +£29.2 1.1£0.3

Data are presented as mean (median) and standard deviation (interquartile range). Lung volume is measured
in Litre. %LAA; percentage low attenuation area, PD15; 15" percentile, RUL; right upper lobe, RML; right
middle lobe, RLL; right lower lobe, LUL; left upper lobe, LLL; left lower lobe.

The table above (Table 5.5) summarises the data output by CIP analyses using 94 contrast CT scans.

The presented results include %LAA-950, %LAA-925, %LAA-910, PD15, and volume for the whole

lung, right, left lungs and each lung lobe.
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5.3.3 Prediction of postoperative dyspnoea using contrast-enhanced CT density

5.3.3.1 Univariate analysis

Our primary goal is to assess the individual predictors of 6-month dyspnoea outcome using
baseline quantitative CT measurements. The first analysis was employed to determine
relationships between each quantitative CT measure and six months of dyspnoea is ordinal
logistic regression. If any of these factors statistically significantly predicted the dyspnoea
outcome (significance level p <0.1), then this factor will be assessed in multiple regression
analyses. Univariate ordinal regression analysis for six months dyspnoea is summarised in

Table 5.6.

Table 5.6 Univariate Ordinal Regression analysis evaluating the associations between contrast-
enhanced quantitative CT measures and six months dyspnoea.

Parameter OR P value 95 % CI
%LAA-950 whole lung 1.05 0.3 09-1.1
%LAA-925 whole lung 1.02 0.2 0.9-1.08
%LAA-910 whole lung 1.02 0.2 0.9-1.06

PDI15 0.99 0.7 0.98 - 1.01
Whole lung volume 1.12 0.6 0.7-1.7

%LAA; percentage of low attenuation area, PD15; 15™ percentile, OR; odd ratio, CI; confidence
interval. *p<0.1; **p<0.01; ***p<0.001

The above table (Table 5.6) illustrates univariate regression using CT density measures. There
is no statistically significant association between all densitometric measurements and
postoperative dyspnoea six months after surgery P >0.1. Therefore, the measures from contrast

CT will not be assessed in the multiple regression analyses.
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5.3.4 Prediction of postoperative global health using contrast-enhanced CT density

5.3.4.1 Univariate analysis

In order to assess predictors of six months global health after lung surgery, we performed
univariate linear regression analyses. This was performed to evaluate relationships between
baseline contrast CT density measures, including whole lung %LAA-950, %LAA-925, %LAA-

910, PD15, and whole lung volume with the postoperative global health at six months.

Table 5.7 demonstrates the results of the univariate regression, and as can be seen, none of
these variables have significantly predicted postoperative global health. Therefore, the

quantitative contrast CT measures will not be assessed in multiple regression analyses (P>0.1).

Table 5.7 Univariate linear Regression analysis evaluating the associations between contrast-enhanced
quantitative CT measures and 6 months global health.

Parameter Coefficient P value 95 % CI
%LAA-950 whole lung -0.6 0.2 -1.9-0.6
%LAA-925 whole lung -0.2 0.3 -09-03
%LAA-910 whole lung -0.2 0.3 -0.6-0.2

PDI5 0.06 0.5 -0.1-0.2
Lung volume -1.9 0.4 -7.1-3.2

%LAA; percentage of low attenuation area, PD15; 15 percentile, CI; confidence interval. *p<0.1;
*#p<0.01; ***p<0.001
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5.3.5 Baseline characteristics for patients included in unenhanced CT analysis

A similar cohort in Section 5.3.1 was screened, and 60 patients with unenhanced CT were

included in the analysis. The excluded subjects were 243 with no CT scan records, and 480

had only contrast CT scans. The remaining 123 CT scans were excluded for other reasons,

including CT scans acquired one year before the intervention, sharp kernel use, or slice

thickness greater than 1 mm. CT scans from the other three patients were excluded due to

software failure to analyse them (Figure 5.10). The baseline characteristics of the patients,

EORTC QLQ-C30 global health and dyspnoea scores, and CT data output are summarised in

Table 5.8-5.12.

Assessed for non
contrast CT scan

n =906

v

Non contrast CT
scans
n=183

Y

Non contrast CT
scans
n =63

Y

Non contrast CT
scans included
n =60

Figure 5.4 Flow chart for inclusion of non-contrast CT

Excluded with reasons
n=723
No CT scan records
n=243
Contrast CT
n =480

Excluded with reasons
n =120
Poor quality CT scans
n=20
Baseline CT >1 year
n=8
Sharp kernel CT
n=_87
More than 1 mm slice
thickness
n=5
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n=3

Software processing
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Table 5.8 Baseline characteristics of 60 patients included in the study

Characteristic Total
(n=60)
Age 70 + 8.5
Gender (male) 28 (46.7)
BMI 28+ 6
Smoking quit time
Current 8 (14)
Ex-smoker (6 weeks > 1 year) 8 (14)
Ex-smoker (> 1 year) 30 (52.6)
Never smoker 11 (19)
Pack years 30 +40
FEVi (L) 2+0.7
% FEV 84.6 +£23.5
FVC (L) 3.1+0.8
% FVC 101.1+0.8
%DLCO 76.3 £20.1
ppoFEV | 70.8 £ 23.6
ppoDLCO 64.7+17.5
Surgical Incision (VATS) 38 (63.3)
Surgery Side (Right) 40 (66.6)
Upper lobe 40 (69)
Lower lobe 14 (24.1)
Lobectomy 41 (68.3)
Segmentectomy 33.2)
Wedge 16 (26.6)

Data are presented as mean (median) and standard deviation (interquartile range) or numbers and
percentages for categorical data. BMI; body mass index, FEV; forced expiratory volume in 1 second,
FVC; forced vital capacity, DLCO; diffusing capacity for carbon monoxide, ppoFEV; or ppoDLCO;
predicted postoperative FEV, or DLCO. VATS; video-assisted thoracic surgery.
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Table 5.8 summarises patients’ demographics, lung function, smoking and surgery data. As can
be seen, the median age is 70 years, and nearly half of the sample are male patients (46.7%).
The mean BMI is 28, and more than half of the patients have quit smoking for more than a year
(52.6%). The mean FEV(L) is 2, and the mean %FEV| is 84.6. The mean DLCO is 76.3, and
the mean ppoDLCO is 64.7. Additionally, more than half of the cohorts (63.3%) had VATS
surgical approach, with 66.6% right side surgery. The majority of the surgeries were on the

upper lobe (69%), and the majority of the resections were lobectomy (68%).

Table 5.9 Baseline characteristics of 60 patients included in the study (continue)

Characteristic Total
(n=60)
Postoperative histology
Adenocarcinoma 37 (62.7)
Squamous cell carcinoma 11 (18.6)

Cancer stage

Tl 35 (67.31)
T2 10 (19.23)
NO 41 (83.6)
N1 4(8.1)
N2 4(8.1)
MO 52 (100)

Data are presented as numbers and percentages for categorical data. T; tumour size staging, N; lymph
node involvement, M; metastasis.

Table 5.9 summarises postoperative histology and patients’ cancer stage. Approximately 62%
of all cancers are adenocarcinomas, while 18% are squamous cell carcinomas. The majority of

the patients had stages T1 stage (76%), NO stage (83%) and MO (100%).
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Table 5.10 Baseline characteristics of 60 patients included in the study (continue)

Characteristic Total
(n=160)
Other measures
ASA score >3 40 (66.6)
ECOG Performance Score >2 60 (100)
MRC dyspnoea score > 2 59 (98.2)
Perioperative Outcomes
Hospital mortality 0 (0%)
Postoperative pulmonary complications 4 (6.6%)
Hospital readmission 7 (12.5%)
Hospital length of stay (days) 3+(3.5)

Data are presented as mean (median) and standard deviation (interquartile range) or numbers and
percentages for categorical data. ASA score; American Society of Anaesthesiologists’ classification of
physical health, ECOG; Eastern Cooperative Oncology Group performance status.

Table 5.10 shows that 66.6% of the participants had an ASA score greater than or equal to 3,
whereas 100% had an ECOG performance score less than 2. Moreover, 98% of the patients had
MRC scores greater than or equal to 2. The perioperative outcomes revealed that most patients
did not have these outcomes, with an incidence of 0% mortality, 12% readmissions, 6%

postoperative pulmonary complications, and a median hospital stay of 3 days in terms of

hospitalisation length of stay.
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Table 5.11 Summary of EORTC QLQ-C30 dyspnoea and global health scores of 60 patients

EORTC QLQ-C30 domain Total
(n=60)
Baseline dyspnoea 0+333
Baseline global health 74.8 £20.3
six months dyspnoea 33.3+66.6
six months global health 69.1 £22.4

Data are presented as mean (median) and standard deviation (interquartile range).

Table 5.11 shows dyspnoea and global health scores at baseline and six months following the
lung surgery. Compared to the baseline value of 0, dyspnoea in this cohort has increased above
the minimal clinically important difference in six months to 33.3. Global health has decreased
from 75 to 69 from baseline, although the reduction has not reached the minimal clinically

important level.
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5.3.6 Non-contrast CT density of emphysema output

A description of CIP-provided data is described in Section 5.3.2. Table 5.12 demonstrates the
data output by CIP analyses using 60 unenhanced CT scans. The presented results include
%LAA-950, %LAA-910, PDI15, and volume for the whole lung, right, left lungs and each lung

lobe.

Table 5.12 Summary of CIP data output of 60 unenhanced CT scans

Measured Lung ~ %LAA-950 %LAA-910 PDI5 Lung volume
Whole lung 1.3+£7 14.6 + 24.1 -907 £33 46+1.7
Right lung 1.2+7 12.8+£23 -907.2 £32.6 25+09

Left lung 1.4+6.7 15.8£25.8 -906.2 +34.4 22+0.9
RUL 0.96+7.6 11.1+28.3 -907.2 £ 32.9 1+£04
RML 1.9+7.6 19.4 +32 -917+£30.2 04+0.2
RLL 0.62+5 8.7+22.7 -897 +£39.7 1.2+0.5
LUL 1.6+6.8 17.9 £28.8 -910.7 +£33.5 1.1+04
LLL 1.1+4.6 10 +20.6 -895.8 £42 1+£04

Data are presented as mean (median) and standard deviation (interquartile range). Lung volume is
measured in Litre. %LAA; percentage low attenuation area, RUL; right upper lobe, RML; right middle
lobe, RLL; right lower lobe, LUL; left upper lobe, LLL; left lower lobe.
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5.3.7 Prediction of postoperative dyspnoea using unenhanced CT density

5.3.7.1 Univariate analysis

The primary goal is to assess the individual predictors of 6-month dyspnoea outcome using
baseline quantitative CT. The first analysis was employed to evaluate relationships between
each CT density and volume measure, and six months dyspnoea is ordinal logistic regression.
If any of these factors statistically significantly predicts the dyspnoea outcome (significance
level p <0.1), then this factor will be assessed in multiple regression analyses. The results in
Table 5.13 summarises univariate ordinal regression analyses for predicting six months
dyspnoea, and the results clearly demonstrate that %LAA-950 and %LAA-910 are statistically
significantly associated with postoperative dyspnoea (P <0.05). In contrast, PD15 and lung
volume are not significantly associated with postoperative dyspnoea (p>0.1). Therefore, the

PD15 and lung volume will not be included in the multiple regression analyses.

Table 5.13 Univariate Ordinal Regression analysis evaluating the associations between unenhanced
quantitative CT measures and six months dyspnoea.

Parameter OR P value 95 % CI
%LAA-950 whole lung 1.2 ok 1.07-1.3
%LAA-910 whole lung 1.03 * 1.008 - 1.06
PDI5 0.99 0.2 0.9 - 1.006
Lung volume 1.1 0.5 0.7-1.7

%LAA; percentage of low attenuation area, PD15, 15" percentile, OR; odd ratio, CI; confidence
interval. *p<0.1; **p<0.01; ***p<0.001
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Table 5.14 summarises univariate regression analyses between baseline demographic, clinical
data, and postoperative dyspnoea. Age, wedge resection, ppoFEV1, ppoDLCO, FEV(L), and

%DLCO are statistically significantly associated with postoperative dyspnoea, p<0.1.

Table 5.14 Univariate Ordinal Regression analysis evaluating the associations between baseline
factors and six months dyspnoea.

Parameter OR P value 95 % CI
Age 1.07 * 1.003 - 1.1
Gender (male) 1.4 0.4 0.5-44
BMI 1.07 0.13 0.97-1.1
Incision (VATS) 0.6 0.4 0.2-2.0
Surgical side (right) 1.3 0.5 04-43
Upper lobe 2.4 0.5 0.17-344
Lower lobe 4.3 0.3 0.2-73.1
Ref: middle

Wedge resection 0.2 * 0.06 - 0.9

(Ref: Lobectomy)

ppoFEV] 0.97 * 0.95-0.99
ppoDLCO 0.95 ok 0.92-0.98
FEVi(L) 0.37 * 0.1-0.9
%FEV 0.98 0.11 095-1.0
FVC (L) 1.1 0.6 05-0.2
%FVC 1.0 0.5 09-1.0
%DLCO 0.97 * 0.9 -1.001

Ref; reference, BMI; body mass index, FEV; Forced expiratory volume in 1 second, FVC; forced vital
capacity, DLCO; diffusing capacity for carbon monoxide, ppo; predicted postoperative, VATS; video-
assisted thoracic surgery, OR; odd ratio, CI; confidence interval. *p<0.1; **p<0.01; ***p<0.001
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Table 5.15 demonstrates univariate regression analyses for the rest of the factors. Smoking quit
time, ASA score, ECOG performance, MRC dyspnoea score, LOS, and baseline dyspnoea are
statistically significantly associated with postoperative dyspnoea in the univariate regression,

p<0.1.

Table 5.15 Univariate Ordinal Regression analysis evaluating the associations between baseline
factors and six months dyspnoea.

Parameter OR P value 95 % CI

Never smoking 0.05 * 0.002 - 1.04

Ref: current smoking

Pack years 1.007 0.5 0.9-1.02
ASA score 34 * 1.1-9.8
ECOG 3.9 * 1.2-12.2
MRC 4.6 *x 1.6 -12.7
PPC 2.9 0.9 0.0-3.1
Hospital readmission 2.1 0.3 0.4-10.5
LOS 1.1 * 09-14
Baseline dyspnoea 1.07 ok 1.02-1.1

Ref; reference, ASA score; American Society of Anaesthesiologists’ classification of physical health,
ECOG; Eastern Cooperative Oncology Group performance status; MRC; Medical Research Council
Scale, PPC; postoperative pulmonary complications, LOS; length of hospital stay, OR; odd ratio, CI;
confidence interval. *p<0.1; **p<0.01; ***p<0.001
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5.3.7.2 Multivariate analyses
Based on the univariate regression results, the researcher selected subsets of variables to
include together in separate multivariate models to regress on six-month dyspnoea; all models

include %LAA-950 and %LAA-910 of the whole lung as predictors.

To assess the role of %LAA-950 and %LAA-910 of the whole lung in predicting postoperative
dyspnoea at six months, multivariate ordinal or multinomial regression analyses were
conducted, with each model adjusted for the different factors. The author conducted separate
analyses for %LAA-950 and %LAA-910 due to their high correlation, r = 0.78, p = 0.00. To
this end, regression models for %LAA-950 were conducted first, and regression models for

%LAA-910 were conducted in the same manner and adjusted for similar factors.

The first regression model involves %LAA-950 of the whole lung adjusted for age, ppoFEV1,

ppoDLCO, and resection.

There were 45 observations with all these variables that were included in the modelling process.
The numeric variables (age, ppoFEVi, ppoDLCO, and %LAA-950) were tested for
multicollinearity using VIF, and the largest VIF was found to be 1.4, which is not too large for

inclusion in the model.

Table 5.16 demonstrates the final model. The proportional odds assumption was tested, and the

result was ¥*(4) = 3.9, p = 0.4; there was no evidence of a violation of proportional odds.

It can be seen that %LAA-950 has positive association with six-month dyspnoea (OR = 1.23,
p = 0.001); thus, those with higher baseline %LAA-950 have a greater risk of dyspnoea, Wald
x*(4) = 19.86, p < 0.001. Age, ppoFEV1, ppoDLCO and resection do not have a significant

relationship with the highest level of dyspnoea.
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Table 5.16 Multivariate Ordinal Regression analysis for six months dyspnoea (Model 1)

Parameter OR P value 95 % CI
%LAA-950 whole lung 1.24 ok 1.09-1.4
Age 1.02 0.05 09-1.1
ppoFEV, 0.99 0.9 0.9-1.03
ppoDLCO 0.97 0.3 0.9-1.02
Segmentectomy 1.4 0.8 0.07-27.7
Wedge 0.2 0.09 0.05-1.2
Bilobectomy 16.6 0.1 04-54

Ref: Lobectomy

Ref; reference, LAA; low attenuation area, FEV,; Forced expiratory volume in 1 second, DLCO;
diffusing capacity for carbon monoxide, ppo; predicted postoperative, OR; odd ratio, CI; confidence
interval. *p<0.05; **p<0.01; ***p<0.001

The second regression model below includes %LAA-950 whole lung adjusted for smoking quit
time, FEV: (L), and %DLCO. There were 41 observations with all these variables that were

included in the modelling process (Table 5.17).

The continuous independent variables were tested for multicollinearity using VIF, and the
largest VIF was found to be 1.4, which is not considered too large to include in a model. The

proportional odds assumption was also met ¥*(6) = 9.9, p = 0.24.

From Table 5.17, %LAA-950 whole lung has an odds ratio greater than one, which leads to a
greater probability of higher dyspnoea as it increases. For each one-unit increase in %LAA-
950, the odds of the patient experiencing a higher level of dyspnoea are multiplied by 1.31 (CI;
1.1, 1.5). There is also a statistically significant difference between never smoking and current
smoking (the reference level); those who never smoke have a lower probability of higher

dyspnoea than those who still smoke, Wald y %(4) = 26.55, p <0.001.
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Table 5.17 Multivariate Ordinal Regression analysis for six months dyspnoea (Model 2)

Parameter OR P value 95 % CI
%LAA-950 whole lung 1.31 ok 1.1-1.5
Never smoking 0.01 * 0.005 - 0.38
Ref: current

FEV: (L) 1.4 0.5 04-4.6
DLCO 0.99 0.8 0.9-1.03

Ref; reference, LAA; low attenuation area, FEV,; Forced expiratory volume in 1 second, DLCO;
diffusing capacity for carbon monoxide, OR; odd ratio, CI; confidence interval. *p<0.05; **p<0.01;
**%p<(0.001

The third model includes %LAA-950 adjusted for ASA score, ECOG performance, and MRC

dyspnoea score. Modelling included 45 observations with all these variables (Table 5.18).

The variables were tested for multicollinearity using VIF, and the largest VIF was found to be
1.1, which is not considered too large to include in a model. Additionally, the proportional odds

assumption was met ¥%(6) = 6.8, p = 0.3.

From Table 5.18, %LAA-950 whole lung still significantly predicted higher levels of dyspnoea
(OR = 1.2, p = 0.003). There is also a statistically significant positive relationship between
ASA score and dyspnoea; for each one-unit increase in ASA score, the odds of the patient
experiencing a higher level of dyspnoea are multiplied by 3.01, Wald ¢ %(2) = 15.75, p <0.001.
ECOG performance and MRC dyspnoea score were not significantly associated with

postoperative dyspnoea.
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Table 5.18 Multivariate Ordinal Regression analysis for six months dyspnoea (Model 3)

Parameter OR P value 95 % CI
%LAA-950 whole lung 1.2 ok 1.06 - 1.36
ASA score 3.01 * 1.02 - 8.9
ECOG 2.6 0.1 0.8-8.6
MRC 2.0 0.3 0.5-83

LAA; low attenuation area, ASA score; American Society of Anaesthesiologists’ classification of
physical health, ECOG; Eastern Cooperative Oncology Group performance status; MRC; Medical
Research Council Scale, OR; odd ratio, CI; confidence interval. *p<0.05; **p<0.01; ***p<0.001

The last model includes %LAA-950 adjusted for baseline dyspnoea and LOS. Modelling

included 44 observations with all of these variables (Table 5.19).

The variables were tested for multicollinearity using VIF, and the largest VIF was found to be
1.07, which is not considered too large to include in a model. Additionally, the proportional

odds assumption was met ¥*(3) = 3.4, p=0.3.

From Table 5.19, all parameters are significantly associated with postoperative dyspnoea, and
%LAA-950 whole lung is still significantly predicting higher levels of dyspnoea (OR = 1.27,
p = 0.002). A statistically significant positive relationship exists between baseline dyspnoea
score and postoperative dyspnoea at six months (OR =1.08, p=0.001). LOS is also positively
associated with the highest levels of dyspnoea, so for each unit increase in LOS, the odds of
the patient experiencing a higher level of dyspnoea are multiplied by 1.33 (p = 0.018), Wald

(3) = 33.86, p <0.001.
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Table 5.19 Multivariate Ordinal Regression analysis for six months dyspnoea (Model 4)

Parameter OR P value 95 % CI

%LAA-950 whole lung 1.27 ok 1.09 - 1.48
Baseline dyspnoea 1.08 ok 1.03-1.13
LOS 1.33 * 1.05-1.68

LAA; low attenuation area, LOS; length of hospital stay, OR; odd ratio, CI; confidence interval.

*p<0.05; **p<0.01; ***p<0.001

The next set of regression models assessed the predictive role of %LAA-910 adjusted for

several factors.

The first regression model included %LAA-910 whole lung adjusted for age, resection,

ppoFEV 1, ppoDLCO. Modelling included 45 observations with all these variables (Table 5.20).

The variables were tested for multicollinearity using VIF, and the largest VIF was found to be

1.5, which is considered not too large to run the model with these variables. the proportional

odds assumption was met y*(7) = 2.5, p = 0.9.

The results below show that %LAA-910 whole lung statistically significantly predicts

postoperative dyspnoea (OR = 1.04, p = 0.03). Patients with a higher %LAA-910 are more

likely to develop higher levels of dyspnoea, Wald y %(4) = 12.04, p = 0.01. However, age,

ppoFEV1, ppoDLCO, and resection were not significantly associated with postoperative

dyspnoea.
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Table 5.20 Multivariate Ordinal Regression analysis for six months dyspnoea (Model 1)

Parameter OR P value 95 % CI
%LAA-910 whole lung 1.04 * 1.003 - 1.07
Age 1.05 0.3 09-1.1
ppoFEV, 0.99 0.5 0.9 -1.02
ppoDLCO 0.97 0.3 0.9 -1.02
Segmentectomy 0.91 0.9 0.04 - 16.8
Wedge 0.26 0.09 0.05-1.2
Bilobectomy 8.8 0.2 0.2 -28.8

Ref: Lobectomy

Ref; reference, LAA; low attenuation area, FEV,; Forced expiratory volume in 1 second, DLCO;
diffusing capacity for carbon monoxide, ppo; predicted postoperative, OR; odd ratio, CI; confidence
interval. *p<0.05; **p<0.01; ***p<0.001

The second regression model (Table 5.21) assessed %LAA-910 adjusted for preoperative FEV;
(L), DLCO, and smoking quit time. There are 41 variables were included in the model. The
variables were tested for multicollinearity using VIF, and the largest VIF was found to be 2.95,
which is considered not too large to run the model with these variables. the proportional odds

assumption was met ¥%(6) = 11.6, p = 0.07.

The results below (Table 5.21) show that %LAA-910 whole lung is positively associated with
postoperative dyspnoea (OR = 1.06, p = 0.003). In addition, never smoking has a negative
relationship with the highest levels of dyspnoea (OR = 0.015, p = 0.01), so those who never
smoke would have lower odds of developing dyspnoea after surgery compared to current
smokers, Wald y %(4) = 20.61, p < 0.001. In contrast, preoperative FEV; and DLCO are not

significantly associated with dyspnoea.
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Table 5.21 Multivariate Ordinal Regression Analysis for six months dyspnoea (Model 2)

Parameter OR P value 95 % CI
%LAA-910 whole lung 1.06 woH 1.02-1.1
Never smoking 0.015 * 0.005 - 0.39
Ref: current

FEV: (L) 1.08 0.8 03-34
DLCO 1.0 0.9 0.9-1.03

Ref; reference, LAA; low attenuation area, FEV,; Forced expiratory volume in 1 second, DLCO;
diffusing capacity for carbon monoxide, OR; odd ratio, CI; confidence interval. *p<0.05; **p<0.01;
**%p<(0.001

The third model incorporated %LAA-910 adjusted for ASA score, MRC dyspnoea score and
ECOG performance. VIF was tested and found to be 1.18, implying no multicollinearity
between the factors. The modelling process included 44 variables, and the proportional odds

assumption was tested, and there was a good fit to the proportional odds assumption ¥*(4) =

2.03,p=0.7.

Table 5.22 summarises the results of the regression model. The results indicate that %LAA-
910 did not significantly predict dyspnoea following surgery. Both ASA score and ECOG
performance status have a positive association with the highest levels of dyspnoea. As the ASA
score increases by one point, the likelihood of experiencing a greater degree of dyspnoea
increases by 3.5. There is a 3.8-fold increase in dyspnoea risk among individuals with ECOG
1 against those with ECOG 0, Wald ¥*2) = 10.36, p = 0.004. However, MRC showed no

significant relationship with dyspnoea at six months.
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Table 5.22 Multivariate Ordinal Regression Analysis for six months dyspnoea (Model 3)

Parameter OR P value 95 % CI
%LAA-910 whole lung 1.02 0.2 0.9-1.05
ASA score 3.5 * 1.2-10.2
ECOG (1) 3.8 * 1.1-124
Ref: 0

MRC 23 0.2 0.5-94

Ref; reference, LAA; low attenuation area, ASA score; American Society of Anaesthesiologists’
classification of physical health, ECOG; Eastern Cooperative Oncology Group performance status,
MRC; Medical Research Council Scale, OR; odd ratio, CI; confidence interval. *p<0.05; **p<0.01;
**%p<0.001

The last model below assessed baseline %LAA-910 adjusted for baseline dyspnoea and LOS.
The modelling process included 44 observations, and VIF = 1.04, considered not too large to
be included in the model. The proportional odds assumption was tested, and there was a good

fit to the proportional odds assumption ¥*(3) = 4.6, p = 0.2.

We can see from Table 5.23 that %LAA-910 is not significantly associated with postoperative
dyspnoea. In contrast, baseline dyspnoea remained significant (OR = 1.07, p =**0.001). Those
with higher baseline dyspnoea would have higher odds of developing higher levels of dyspnoea
compared to patients with lower levels of dyspnoea at baseline. Additionally, LOS has a
positive relationship with six months dyspnoea; for each one-unit increase in LOS, the odds of
the patient experiencing a higher level of dyspnoea are multiplied by 1.2 (p = 0.04), Wald x*(2)

=22.08, p <0.001.
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Table 5.23 Multivariate Ordinal Regression Analysis for six months dyspnoea (Model 4)

Parameter OR P value 95 % CI
%LAA-910 whole lung 1.02 0.2 0.9 -1.06
Baseline dyspnoea 1.07 * 1.03-1.1
LOS 1.24 * 1.01-1.5

LAA; low attenuation area, LOS; length of hospital stay, OR; odd ratio, CI; confidence interval.
*p<0.05; **p<0.01; ***p<0.001

5.3.8 Prediction of postoperative global health using unenhanced CT density

5.3.8.1 Univariate analysis

This study primarily aims to determine the individual predictors of six-month global health
outcomes using baseline quantitative CT measurements. Initially, univariate linear regression
was used to assess the relationship between CT density and volume measures and six months
global health. If any of these factors statistically significantly predict the six-month global
health (significance level p <0.1), then this factor will be assessed in multiple regression
analyses. The results in Table 5.24 demonstrates that %LAA-950, and %LAA-910 for whole
lungs are significantly associated with postoperative global health (p<0.1). In contrast, the

PD15 and lung volume are not associated with the outcome.
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Table 5.24 Univariate Linear Regression analysis evaluating the associations between unenhanced
quantitative CT measures and six months global health.

Parameter Coefficient P value 95 % CI
%LAA-950 whole lung -1.5 * -2.7--0.3
%LAA-910 whole lung -0.3 * -0.7-0.04
15" Percentile 0.08 0.39 -0.11-0.29
Lung volume -1.4 0.5 -6.6 - 3.7

%LAA; percentage of low attenuation area, CI; confidence interval. *p<0.1; **p<0.01; ***p<0.001

Table 5.25 below summarises univariate regression analyses between baseline demographic,
clinical factors, and postoperative global health. Wedge resection, ppoFEVi, ppoDLCO,
FEVi(L), %FEVi, and %DLCO are statistically significantly associated with postoperative

global health (p<0.1).
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Table 5.25 Univariate Linear Regression analysis evaluating the associations between baseline factors

and six months global health.

Parameter Coefficient P value 95 % CI
Age -0.3 0.3 -1.2-04
Gender (male) 0.06 0.9 -13.8-13.9
BMI -0.5 0.3 -1.6-0.5
Incision (VATS) 7.2 0.3 -6.8-21.2
Surgical side (right) 3.07 0.6 -17.5-11.5
Upper lobe -9.7 0.4 -33.1-13.6
Lower lobe -11.8 0.3 -37.9-143
Ref: middle

Wedge resection 12.09 * -1.9-26.1
(Ref: Lobectomy)

ppoFEV; 0.39 roH 0.15-0.6
ppoDLCO 0.53 roH 0.16 - 0.89
FEVi(L) 14.2 roH 3.9-24.6
%FEV, 0.34 * 0.08 - 0.5
FVC (L) 2.6 0.5 -5.8-11.2
%FVC 0.1 0.4 -0.1-0.3
%DLCO 0.35 * 0.01-0.6

Ref; reference, BMI; body mass index, FEV; Forced expiratory volume in 1 second, FVC; forced vital
capacity, DLCO; diffusing capacity for carbon monoxide, ppo; predicted postoperative, VATS; video-

assisted thoracic surgery, CI; confidence interval. *p<0.1; **p<0.01; ***p<0.001
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The univariate regression analyses for the remaining factors are illustrated in Table 5.26.
Smoking quit time, ASA score, ECOG performance, and baseline global health are statistically

significantly associated with postoperative global health at six months (p<0.1).

Table 5.26 Univariate Linear Regression analysis evaluating the associations between baseline factors
and six months global health.

Parameter Coefficient P value 95 % CI

Ex-smoker >1 year -16.1 * -32.9-0.75

Ref: current smoking

Pack years -0.02 0.8 -02-0.2

Hypertension 2.2 0.7 -11.6 - 16.1
ASA score -10.8 * -23.06-1.3
ECOG -14.08 * -27.5--0.6
MRC -0.5 0.9 -16.0-15.0
PPC -14.1 0.2 -37.8-9.5
Hospital readmission 5.8 0.5 -14.1 - 25.7
LOS -0.4 0.6 -2.8-1.8

Baseline global health 0.53 ok 0.24-0.82

Ref; reference, ASA score; American Society of Anaesthesiologists’ classification of physical health,
ECOG; Eastern Cooperative Oncology Group performance status, MRC; Medical Research Council
Scale, PPC; postoperative pulmonary complications, LOS; length of hospital stay, CI; confidence
interval. *p<0.1; **p<0.01; ***p<0.001
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5.3.8.2 Multivariate analyses

The role of %LAA-950 and %LAA-910 of the whole lung in predicting postoperative global
health at six months was assessed using multivariate linear regression analysis, in which these
factors were adjusted for a set of factors at each model. Due to the high correlation between

%LAA-950 and %LAA-910 (R =0.78, p = 0.00), the researcher separated these two factors.

The independent factors included in the first model for predicting six months global health
were %LAA-950 adjusted for %ppoFEV1, %ppoDLCO, and surgical resection. There were 42

observations with all these variables included in the modelling process.

The numeric variables (%LAA-950, % ppoFEVi, %ppoDLCO) were tested for
multicollinearity using VIF, and the largest VIF was found to be 1.34, which represents no
multicollinearity between the variables. In addition, the researcher assessed the linearity
between each continuous variable and the outcome, assessed the residual errors for each
regression model, and found that the residual errors of the regression line are approximately
normally distributed. Furthermore, all factors were evaluated and confirmed to be

homoscedastic.

As shown in Model 1 (Table 5.27), the model statistically significantly predicted six months
global health F (4,39)=5.9, p=0.00, and R*=0.37. A statistically significant effect of %LAA-
950 is still observed regardless of several factors that have been adjusted (coefficient; -1.54, p
= 0.007). Compared with lobectomy, bilobectomy is negatively associated with global health
at six months; in other words, those who undergo bilobectomy are likely to have a postoperative
global health score 65 units worse than those who undergo lobectomy. However, ppoFEV; and

ppoDLCO are not significantly associated with postoperative global health at six months.
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Table 5.27 Multivariate linear Regression analysis for six months global health (Model 1)

Parameter coefficient P value 95 % CI
%LAA-950 whole lung -1.54 woH -2.6 - -0.45
Bilobectomy -65.00 *x -103.65 - -26.3
Segmentectomy 13.7 0.3 -15.6-43.2
Wedge 8.2 0.2 -5.8-223

Ref: lobectomy
ppoFEV| 0.12 0.4 -0.1-0.44

ppoDLCO 0.26 0.1 -0.1-0.6

Ref; reference, LAA; low attenuation area, FEV,; Forced expiratory volume in 1 second, DLCO;
diffusing capacity for carbon monoxide, ppo; predicted postoperative, CI; confidence interval. *p<0.05;
**p<0.01; ***p<0.001

The second model involved %LAA-950 adjusted for; FEV; (L), % FEVi, and DLCO. A total
of 42 observations were analysed using all these variables. The VIF was used to assess all
independent variables, and it was found to be equal to 1.43, indicating that there wasn't any
multicollinearity. All other regression assumptions were tested and adhered to. The variables
that showed no statistical significance (p>0.05) were removed in the following order: FEV;
(L), %FEVi, and DLCO. The model statistically significantly predicted six months global
health F (1, 42) = 7.72, p = 0.008, and R?> = 0.15. The only factor that remained in the model
was preoperative FEV; (L), implying that this factor significantly predicted postoperative
global health (Table 5.28). However, %LAA-950 % FEV; and DLCO are not significantly

associated with postoperative global health.
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Table 5.28 Multivariate linear Regression analysis for six months global health (Model 2)

Parameter coefficient P value 95 % CI
%LAA-950 whole lung -0.8 0.2 -2.1-0.5
FEV: (L) 14.29 woH 39-24.6
%FEV, 0.14 0.3 -0.17-0.4
DLCO 0.13 0.4 -0.23-0.5

LAA; low attenuation area, FEV; Forced expiratory volume in 1 second, DLCO; diffusing capacity for
carbon monoxide, CI; confidence interval. *p<0.05; **p<0.01; ***p<0.001

The third model (Table 5.29) involved %LAA-950 adjusted for smoking quit time, ASA score,
ECOG performance and preoperative global health. Based on all these variables, a total of 40
observations were analysed. The independent numerical variables were assessed using VIF,
equal to 3.12, indicating no multicollinearity. Assumptions for the regression analysis were
tested and adhered to. The model statistically significantly predicted six months global health

F (2, 37) = 10.45, p < 0.001, and R>= 0.36.

The analysis revealed that ECOG performance, ASA score, and smoking quit time were not
statistically significantly associated with postoperative global health. The only two factors that
remained statistically significantly associated with postoperative global health were %LAA-
950 whole lung and baseline global health. There is a negative association between %LAA-
950 and postoperative global health (coefficient; -1.21, p = 0.03), whereas there is a positive

association between baseline global health and postoperative global health.
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Table 5.29 Multivariate linear Regression analysis for six months global health (Model 3)

Parameter coefficient P value 95 % CI

%LAA-950 whole lung -1.21 * -2.7--0.3
Baseline global health 0.39 ok 0.11-0.68
ASA score -5.5 0.3 -16.8 -5.7
ECOG -8.6 0.1 -21.1-3.8

%LAA; percentage of low attenuation area, ASA score; American Society of Anaesthesiologists’
classification of physical health, ECOG; Eastern Cooperative Oncology Group performance status, CI;
confidence interval. *p<0.05; **p<0.01; ***p<0.001

The next set of regression models assessed the predictive role of %LAA-910 whole lung

adjusted for different factors for each model.

The first regression model included %LAA-910 adjusted for %ppoFEV1, %ppoDLCO, and

surgical resection (Table 5.30).

A total of 42 observations were included in the modelling process. There was no
multicollinearity between the variables (VIF = 1.33). All other assumptions were adhered to.
The model statistically significantly predicted six months global health F (4, 36) = 5.5, p =

0.001, and R2=0.37.

In the model, two factors were removed as they were insignificant: %LAA-910 and %ppoFEV;
(p >0.05). Notably, %LAA-910 is not associated with postoperative global health. Conversely,
bilobectomy negatively affects postoperative global health (coefficient; -45.87, p = 0.02). An
individual undergoing bilobectomy is likely to have a postoperative global health score lower
than an individual undergoing lobectomy by 45.87 units. Moreover, PpoDLCO is positively

associated with postoperative global health (p =0.01)
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Table 5.30 Multivariate linear Regression analysis for six months global health (Model 1)

Parameter coefficient P value 95 % CI
%LAA-910 -0.17 0.4 -0.5-0.2
ppoFEV; 0.16 0.3 -0.1-04
PpoDLCO 0.44 * 0.09 - 0.7
Bilobectomy -45.87 * -86.5--5.1

Ref: lobectomy

%LAA; percentage of low attenuation area, Forced expiratory volume in 1 second, DLCO; diffusing
capacity for carbon monoxide, ppo; predicted postoperative, CI; confidence interval. *p<0.05;
**p<0.01; ***p<0.001

The second model incorporated %LAA-910 adjusted for; FEV, (L), % FEVi, and DLCO. A
total of 44 observations were analysed using all these variables. The VIF was used to assess all
independent variables and was found to be equal to 1.41, revealing no multicollinearity

between the variables. All other regression assumptions were tested and adhered to.

The model statistically significantly predicted six months global health F (1, 42) = 7.72, p =
0.008, and R?>= 0.15. The variables that showed no statistical significance (p>0.05) were
removed in the following order: %LAA-910, %DLCO, and %FEV;. The only factor that
remained significantly associated with postoperative global health is FEV (L) (coefficient;
14.2, p = 0.008). For each unit increase in baseline FEV, postoperative global health is

expected to increase by 14.2 scores (Table 5.31).
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Table 5.31 Multivariate linear Regression analysis for six months global health (Model 2)

Parameter coefficient P value 95 % CI
%LAA-910 -0.11 0.6 -0.5-0.3
FEV: (L) 14.2 woH 39-24.6
%FEV, 0.16 0.3 -0.16-0.4
DLCO 0.13 0.4 -0.2-0.5

LAA; low attenuation area, FEV; Forced expiratory volume in 1 second, DLCO; diffusing capacity for
carbon monoxide, CI; confidence interval. *p<0.05; **p<0.01; ***p<0.001

The last model included %LAA-910 adjusted for smoking quit time, ECOG performance, ASA
score and baseline global health. There were 40 observations in the modelling process. There
was no multicollinearity between the variables (VIF = 3.12), and all other assumptions were
tested and adhered to. The statistical regression analysis revealed that %LAA-910 was not a
significant predictor of postoperative global health. Moreover, smoking quit time, ECOG
performance, and ASA score were not significantly associated with postoperative global health.
The only factor that remained significantly positively associated with postoperative global
health was baseline global health (coefficient = 0.52, p < 0.001), F (1, 38) = 14.66, R>=0.27,

and p <0.001 (Table 5.32).
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Table 5.32 Multivariate linear Regression analysis for six months global health (Model 3)

Parameter coefficient P value 95 % CI
%LAA-910 -0.3 0.07 -0.7-0.03
Never smoking 3.6 0.8 -28.9-36.3

Ref: current smoking

ASA score -8.5 0.1 -19.7-2.5
ECOG -3.8 0.5 -17.6-9.8
Baseline global health 0.52 ok 0.24-0.79

Ref; reference, %LAA; percentage of low attenuation area, ASA score; American Society of
Anaesthesiologists’ classification of physical health, ECOG; Eastern Cooperative Oncology Group
performance status, CI; confidence interval. *p<0.05; **p<0.01; ***p<0.001

5.3.9 Intra-observer validation

To investigate the intra-observer reproducibility in emphysema quantification, intra-class
correlation coefficient and Bland Altman plots were performed to compare the measurements.
A total of 30 observations were tested for reproducibility of %LAA-950 and %LAA-910 of the

whole lung and each lobe.

Based on the results below, the two measurements of %LAA-950 of the whole lung and each
lobe are in excellent agreement with an ICC of 1 (Table 5.33). The mean difference of %LAA-
950 for the whole lung was 0.05, and the upper LOA was 0.4, whereas the lower LOA was -
0.3, which are considered relatively narrow and lower than 5, with few points lying outside

LOA (Figure 5.5).
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Table 5.33 Intra-class correlation coefficient for intra-observer reproducibility when  measuring
%LAA-950 (95% CI)
ICC Lower bond Upper bond
Whole lung 1.0 1.0 1.0
Right lung 1.0 1.0 1.0
Left lung 1.0 1.0 1.0
Right upper lobe 1.0 1.0 1.0
Right middle lobe 1.0 0.99 1.0
Right lower lobe 1.0 1.0 1.0
Left upper lobe 1.0 1.0 1.0
Left lower lobe 1.0 1.0 1.0
ICC; Intra-class correlation coefficient, P <0.05
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Figure 5.5 Intra-observer agreement when measuring %LAA-950
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Similarly, the agreement between the two measurements was excellent when measuring
%LAA-910, with the ICC ranging between 1 and 0.99 for the whole lung and each lobe (Table
5.34). In addition, the Bland Altman plots show a small mean difference between the two
measurements (0.01) and relatively narrow LOAs (-0.7 and 0.7), with only two points lying

outside LOAs (Figure 5.6).

Table 5.34 Intra-class correlation coefficient for intra-observer reproducibility when
measuring %LAA-910 (95% CI)

ICC Lower bond Upper bond
Whole lung 1.0 1.0 1.0
Right lung 1.0 1.0 1.0
Left lung 1.0 1.0 1.0
Right upper lobe 1.0 1.0 1.0
Right middle lobe 0.99 0.997 0.999
Right lower lobe 1.0 1.0 1.0
Left upper lobe 1.0 1.0 1.0
Left lower lobe 1.0 1.0 1.0

ICC; Intra-class correlation coefficient, P <0.05
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Figure 5.6 Intra-observer agreement when measuring %LAA-910
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5.3.10 Comparison between contrast-enhanced CT and unenhanced CT data output

In order to compare contrast-enhanced and unenhanced CT scans in emphysema quantification,
Wilcoxon signed-rank test was used to compare the two measures. A total of 27 observations
were tested for the difference in %LAA-950 and -910 measures. As can be seen, there is a
statistically significant difference between the two measures in %LAA-910 and %LAA-950.
The median value of %LAA-950 for unenhanced CT scans was 11.1 while 1.0 for enhanced
CT scans. Median values for %LAA-910 for unenhanced and enhanced CT scans were 27.3.8

vs 9.5, respectively (Table 5.35).

Table 5.35 Comparison between contrast-enhanced and unenhanced CT scans emphysema
quantification.

Unenhanced Enhanced
QCT Median IQR Median IQR P-value
measure
%LAA -950 11.1 14.1 1.0 2.12 Hokk
%LAA-910 27.3 30.5 9.5 16 *

Wilcoxon signed-rank test, IQR; Inter Quartile Range, QCT; quantitative computed tomography, LAA;
low attenuation area, *p<0.05; **p<0.01; ***p<0.001

Below, Figures 5.7- 5.8 represent Bland Altman plots demonstrating agreement between
contrast-enhanced and unenhanced %LAA-950 and %LAA-910. The mean difference between
the measures was 11.5% for %LAA-950 and 14.1% for %LAA-910. The LOAs were wider
than clinically acceptable limits for both measures, with some points lying outside the LOA.
Cut-off values for emphysema severity are > 5% for %LAA-950 and > 35% for %LAA-910,
and in this study, the mean and LOA are wider than these thresholds for %LAA-950 (33.6 for
upper LOA and -10.5 for lower LOA). The upper LOA is above the acceptable threshold (36.3

for upper LOA) for %LAA-910 [277].
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Difference between %LAA-950 measurements (HU)

Difference between %LAA-910 measurements (HU)
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Figure 5.7 Agreement between contrast-enhanced and unenhanced CT scans for %LAA-950
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Figure 5.8 Agreement between contrast-enhanced and unenhanced CT scans for %LAA-910
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5.4 Discussion

The primary objective of this study was to investigate the predictive value of CT density
measurements in predicting postoperative dyspnoea and global health. Due to the retrospective
nature of this study and the fact that almost all baseline CT scans were contrast-enhanced as
part of routine clinical investigations for lung cancer patients, this study assessed two sets of
CT scans, contrast-enhanced and unenhanced CT, knowing that the latter ones were limited.

Undoubtedly, CT scan is considered the most sensitive tool for emphysema detection [323].

To our knowledge, this is the first study that assessed the predictive value of QCT measures of
emphysema and postoperative dyspnoea and global health using EORTC QLQ-C30. In
addition, no study evaluated the role of QCT of emphysema in predicting the changes in
postoperative dyspnoea after lung cancer surgery. Available information is limited to the
relationship between QCT of emphysema and COPD symptoms using other instruments such
as MRC or BODE index [206, 212, 213]. Previous research has also evaluated the relationship
between QCT of emphysema and QoL using other QoL instruments on only COPD patients
[215, 216] or lung cancer patients without considering the changes in QoL following the
intervention [217]. Understanding the relationship between QCT of emphysema and patients’

HRQOL and dyspnoea is still underestimated.

This study showed that QCT of emphysema using unenhanced CT scans is a valuable predictor
of postoperative quality of life and dyspnoea after lung cancer surgery. The finding is consistent
with other research, which found a strong association between QCT of emphysema and
dyspnoea [203, 205, 208] and QCT of emphysema and QoL [201, 215]. In contrast, one study
employed the LCSS instrument and reported no difference in overall QoL between mild,
moderate, and severe QCT of emphysema in lung cancer surgery patients [217]. However, the
study has not measured preoperative QoL scores to provide a clear idea regarding the change

of that measure.
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The present findings indicated that %LAA-950 could predict postoperative dyspnoea and
global health even after adjusting for baseline clinical and perioperative factors. Those patients
with a higher %LAA-950 are expected to suffer from higher levels of dyspnoea and
deterioration in their global health, indicating worsening overall quality of life. This finding is
in agreement with previous studies that reported a significant association between %LAA-950
and dyspnoea [211, 213]. However, these studies have been restricted to the use of %LAA-950
and have not measure the other metrics. While studies found a significant association between
%LAA-950 and global health [202, 215]. However, all these studies have only assessed patients
with COPD and did not assess lung cancer patients after surgery. In addition, previous studies
have only investigated %LAA-950 and have not been able to determine the association between
QCT emphysema measures and QoL after an intervention. The present study has demonstrated
the association between preoperative QCT of emphysema measurements and postoperative
QoL after surgery in lung cancer patients. Unlike previous studies, this study employed EORTC

QLQ-C30 to assess patients’ dyspnoea and global health over six months.

Conversely, the present study showed that %LAA-910 was not consistently a predictor for
postoperative dyspnoea after adjusting for clinical and perioperative factors. This is in
accordance with the results of the NETT trial, which investigated 1053 COPD patients and
found that %LAA-910 was not associated with dyspnoea [204]. Furthermore, this result is
supported by Grydeland et al., who confirmed that %LAA-910 has a weaker relationship with
dyspnoea compared to %LAA-950 in 463 patients with COPD [203]. In addition, the present
study found that %LAA-910 was not a predictor for postoperative global health (overall QoL).
This was noted in previous literature; the NETT trial assessed predictors for overall quality of
life in COPD subjects and found that %LAA-910 was not significantly associated with quality

of life as measured by the Quality of Well Being scale (QWB) [204]. However, they noted a
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statistically significant association between the two when they measured QoL using the SGRQ

total score [204].

According to Madani et al., %LAA-910 was not correlated with macroscopic measurement of
emphysema [193], while other studies noted that %LAA-950 was significantly correlated with
microscopic emphysema [194]. Therefore, our results identified that QCT of emphysema can
predict postoperative dyspnoea and global health. Additionally, the results highlighted that

%LAA-950 is a better predictor of dyspnoea and QoL compared to %LAA-910.

Although our results showed that contrast-enhanced CT of emphysema was not a predictor of
postoperative quality of life, this was not entirely surprising. As contrast-enhanced CT is part
of lung cancer patients’ investigation, gaining a deeper understanding of its potential was
desirable. It has been reported that contrast agents may alter the density of emphysema to a
certain degree [322]. At present, the relationship between baseline QCT of emphysema and
postoperative HRQOL in patients with lung cancer has not been explored. The majority of
existing research has examined the association between baseline QCT of emphysema and
postoperative dyspnoea in patients with COPD, who undergo unenhanced CT scans as part of
their standard clinical evaluations [212, 213]. The present study utilised a variety of
emphysema thresholds to account for the increased density associated with contrast
administration [321]. However, none of these measures were significantly associated with

postoperative dyspnoea or global health.

Moreover, this study showed that unenhanced CT scans are more effective than contrast-
enhanced CT scans in quantifying emphysema and predicting postoperative dyspnoea and
global health outcomes. This finding supports what was reported in previous studies, that
contrast-enhanced CT was not comparable to unenhanced scans in the measurements of

emphysema [322]. One study measured %LAA-950 on contrast CT scans and argued that the
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results would not differ whether contrast agents were used or not, as emphysematous
parenchyma is not prone to accumulating contrast agents [324]. Yet, their argument was
contradicted by an earlier explanation by Heussel et al., who provided a comprehensive
justification in this respect. The authors explained that quantification of emphysema can
recognise small emphysematous regions, and after contrast agents’ administration, they might
be enhanced and not recognised as emphysema [322]. This could be one of the reasons that
QCT of emphysema on contrast-enhanced CT was not predictive of postoperative dyspnoea
and global health. Emphysema quantification may be affected by disease progression as well;
however, studies have shown differences between contrast-enhanced and unenhanced CT scans
acquired simultaneously for the same patients using similar settings [322]. The determination
of a correction factor would be highly beneficial, and as far as we are aware, this has not been
addressed in the literature. However, when determining the correction factor, it is essential to
take into account factors such as contrast agents' administration, disease progression, smoking,
patients' inspiration, scanner manufacturer and settings, as well as the software kernel [321].
Due to the retrospective nature of this study, addressing this question would not be achievable.
There may be several possible reasons for not addressing this question until now, one of which
is that double CT scans are associated with higher radiation doses and unnecessary

administration of contrast agents to the patients.

In order to assess the difference between contrast-enhanced and unenhanced CT scans, we
compared those scans acquired for the same patients. We found a statistically significant
difference between enhanced and unenhanced scans in %LAA-950 and %LAA-910. This was
consistent with the previous literature that confirmed the difference exists between the contrast-
enhanced and unenhanced CT quantification of emphysema [321, 322]. Also, Bland Altman
plots for the differences between contrast-enhanced and unenhanced CT scans for %LAA-950

and %LAA-910 show disagreement and wider LOA between the two sets. As expected, the
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values measured on contrast CT scans are not comparable to non-enhanced CT scans, as the
present finding revealed that quantification of emphysema on contrast CT scans showed normal
density in emphysematous parenchyma due to the fact that contrast agents tend to increase
voxels’ density [198]. Using unenhanced CT quantification of %LAA-950 is valuable in

predicting postoperative quality of life and dyspnoea for lung cancer surgery.

Finally, patients with 1% LAA-950 are 20% more likely to experience highest level of
dyspnoea compared to those with 0% LAA-950. This finding shed light on the importance of
understanding the extent of emphysema when planning a lung cancer intervention and
informing patients about their postoperative recovery trajectory, including the likelihood of

dyspnoea.

5.5 Limitations and Future Research

In this study, have demonstrate that %LAA-950 stands out as a non-invasive biomarker,
offering valuable insights into postoperative dyspnoea in patients with lung cancer. There are
several limitations in the present study due to its retrospective nature, such as the selection bias
of contrast-enhanced and unenhanced CT scans for this cohort, which is unavoidable. The
second limitation is the small sample size of the study. Additionally, the variety of manufacturer
CT scanners, acquisition protocol, and reconstruction kernels, which could affect the density
quantification. Yet, all reconstruction kernels were smooth, KVp and slice thickness were

similar, and as the study is a single-centre study, only two scanners were utilised for all scans.

Moreover, it was not possible to confirm whether there was CT scanner calibration for air water
using phantoms. All these factors may influence the measured lung density [190]. In addition,
CIP software showed some failure in analysing some CT scans, leading to the exclusion of

some data that could be valuable. Also, we could not perform an inter-observer agreement study
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due to unavailability of the second observer. Nonetheless, we conducted an agreement study
between these analyses with Al-based software analyses. Another limitation of the current
study was related to the analysis of the association between emphysema heterogeneity and
dyspnoea recovery. Our ability to elucidate this relationship was constrained by the small

sample size of only two participants with heterogeneous emphysema and confirmed COPD.

However, the study contributes to developing an emerging field of clinical research that is
becoming increasingly important. Emphysema quantification on contrast CT scans has higher
lung density than on unenhanced scans; thus, future study on defining corrective factors for the
difference in lung density is warranted. Implementing these measures on contrast CT scans
without exposing patients to additional radiation would be beneficial. In addition, since PET
CT scans are acquired as part of routine clinical investigations for these patients, investigating
the predictive value of QCT scans of emphysema from these CT scans would be desirable.
With the introduction of low-dose CT scans for lung cancer screening, it would be worthwhile
to study QCT of emphysema on these scans in the future. Lastly, there is a need to perform the

same analysis on a larger sample of patients to confirm our results.
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Chapter 6. An Exploratory Study: Investigating the Impact of
CT-Measured Sarcopenia on the Quality of Life after Lung

Cancer Surgery

6.1 Introduction

Current studies indicate that both cancer and its treatment contribute to exacerbating muscle
loss, with patients experiencing a continuous reduction in muscle mass during their treatment
[87]. Aside from muscle loss occurring as a natural part of ageing, this syndrome can also be
associated with other diseases, such as cancer [325]. Research reported that sarcopenia is
associated with impaired physical functioning, poor health outcomes [326], and low survival

in several populations [253, 327].

Recently, CT-based assessments of sarcopenia and body composition have attracted
considerable attention since CT density enables accurate differentiation of fat tissues from
muscles and other soft tissues and is routinely performed in cancer patients for diagnostic
purposes [282]. Sarcopenia associated with adverse outcomes has traditionally been observed
at the level of the third lumbar vertebra (L3) in patients with other solid organ cancers [232,
243, 328]. Additionally, the skeletal landmark of L3 is commonly used to quantify skeletal
muscle mass and is considered a surrogate marker for measuring skeletal muscle mass of the
whole body [241]. Nevertheless, this vertebral level may not be included in CT scans acquired
from patients with thoracic malignancies. Therefore, it is desirable to assess the impact of
sarcopenia measured on multiple vertebral levels, i.e., the level of the fourth, and twelfth
thoracic vertebra as well as the third lumbar vertebra and assessing different muscles. As far as

we are aware, there have been limited studies examining the impact of sarcopenia on
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postoperative quality of life, dyspnoea, and global health after lung cancer surgery. Previous
investigations have examined the impact of sarcopenia on QoL assessed different cohorts [225,
258, 329-331] or evaluated sarcopenia and quality of life in lung cancer patients treated with
chemotherapy [85, 247] or chemoradiotherapy [63]. There is a lack of studies assessing the
impact of sarcopenia on patients’ QoL after lung cancer surgery using EORTC QLQ-C13 or
LC13. This indicates the need for a better understanding of how sarcopenia impacts QoL
following lung cancer surgery. This study aimed to assess the impact of CT-based sarcopenia
of skeletal, pectoralis, erector spinae, and psoas muscles on QoL following lung cancer

resection.

6.2 Methods

6.2.1 CT scan

This is a retrospective study, and all CT scans employed in this study are contrast-enhanced CT
scans acquired in patients’ routine clinical investigations and similar CT scan settings used in
Section 5.2.1. There is no doubt that the administration of contrast agents has considerable
effects on the measurements of the density of these muscles [332]. Yet, several studies have
demonstrated that contrast agents have a negligible impact on measuring muscles’ indices [332,
333]. Therefore, a sub-analysis was conducted to compare contrast-enhanced and unenhanced
CT scans of body composition and Bland Altman plots were conducted to demonstrate their
agreement. Consequently, this study employed muscle indices only and contrast-enhanced CT

scans were analysed. Details of the study’s methodology are explained in Section 3.3.
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6.2.2 CT scan analysis software

This study implemented semi-automated segmentation of the muscles using open-source 3D
slicer software (CIP platform, body composition extension) [334]. With this software, a
segmentation process can be carried out easily, and macro-based solutions for post-processing
images are provided [335]. Extensive research studies have used 3D slicers to analyse CT-
based body compositions [335-338]. An area and indices of the skeletal, pectoralis, erector
spinae, and psoas muscles were measured in this study. Section 3.3 provides a detailed
description of the methods of the analyses, including the CT slice level used for each muscle

and the cut-off for sarcopenia.

6.2.3 Statistical analysis

Comparison between the data was performed using an independent t-test or Mann-Whitney U
test, whereas comparison between categorical data was performed using the Chi-square test or
Fisher's exact test. Correlation between numeric data was completed using Pearson's or
Spearman's correlation coefficients where appropriate. A p-value of <0.05 is considered

statistically significant. Details of the statistical methods are provided in Section 3.3.5.

All the statistical analyses were performed using Stata 18.0 statistical software (Stata Co.,

College Station, TX) or SPSS version 29 (IBM Corp.).

6.3 Results

6.3.1 Baseline characteristics
A total of 94 patients were included in this study. The flow chart of the patients’ inclusion in
this study is summarised and shown in the previous chapter (Figure 5.1, Section 5.3.1). Table

6.1 illustrates the baseline characteristics of 56 male and 38 female lung cancer patients. The
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mean age of male and female patients is 69 and 68 years, respectively (P = 0.5). BMI is
statistically significantly different in male and female participants in BMI (27.9 vs 25.7,
respectively, P = 0.03). All lung function measures are similar between the two groups except
for FEV1, and FVC (P = 0.00). Lastly, there was no statistically significant difference between

the two groups in airway obstruction or COPD (P>0.05).

Table 6.1 Baseline characteristics of 94 patients included in the study

Characteristic Male Female P value
(n=56) (n=38)

Age 69.78 £7.0 68.94+ 6.9 0.5
BMI 27.93+4.3 2574 +5.3 0.03
Pack years 47.66 £31.7 34.36 £26.6 0.03
FEV1(L) 233+ 1.1 1.64+£0.7 0.00
% FEV 78.5+21.9 78.2+ 184 0.9
FVC (L) 393+£0.8 2.7+0.7 0.00
% FVC 104.4 £20.0 101.6 +20.1 0.5
%DLCO 77.6 +£19.0 76.3 +£18.8 0.7
ppoFEV1 64.1 23 66.6 + 25 0.9
ppoDLCO 63.4+15.6 61.2+13.2 0.4
Airway  obstruction 21 (37.5) 14 (36.8) 0.9
(FEVI/FVC <0.7)

COPD 15 (26.7) 11 (28.9) 0.8
Age 69.78 £7.0 68.94 £ 6.9 0.5

Data are presented as mean (median) and standard deviation (interquartile range) or numbers and
percentages for categorical data. BMI; body mass index, FEV; forced expiratory volume in 1 second,
FVC; forced vital capacity, DLCO; diffusing capacity for carbon monoxide, ppoFEV, or ppoDLCO;
predicted postoperative FEV, or DLCO, COPD; Chronic obstructive pulmonary disease. *p<0.05;

*#p<0.01; ***p<0.001
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6.3.2 Determination of sarcopenia

Since there has been no established cut-off values for PM, ESM, and PSM, the researcher chose
sex-specific quartile using the lowest quartile as the cut-off value for sarcopenia. While for SM,
the researcher employed a previously established cut-oft value which was described in Section

3.3.4. The cut-off values are summarised in Table 6.2.

Table 6.2 Summary of sex-specific sarcopenia cut-off values

Muscle type Male cut-off value Female cut-off value
PM 11.7 cm?/m? 8.1 cm?/m?
ESM 9.8 cm?/m? 8.1 cm?/m?
PSM 5 cm?/m? 3.6 cm?/m?

PM; pectoralis muscles, ESM; erector spinae muscles, PSM; psoas muscles.

6.3.3 Muscles’ differences

Table 6.3 below represents gender differences in different muscles including skeletal muscle
index (SMI), sarcopenia in SMI, pectoralis muscle index (PMI) (cm?/m?), sarcopenia in PMI,
erector spinae muscle index (ESMI) (cm?/m?), sarcopenia in ESMI, psoas muscle index (PSMI)
(cm?/m?), sarcopenia in PSMI. From the table below, it can be seen that there is a statistically
significant difference between male and female participants in SMI, PMI, ESMI and PSMI,
with male patients having larger muscles indices compared to female patients (P = 0.00). On
the other hand, sarcopenia is statistically significantly different between the two groups in PMI
and PSMI only, with female patients having a greater proportion of sarcopenia compared to
male patients (P = 0.04 and 0.009, respectively). There is no statistically significant difference

in the proportion of sarcopenia between the two groups in SMI and ESMI (Figure 6.1-6.4).
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Table 6.3 Muscles differences between male and female

Muscle Male Female Diff. P value 95% CI
(n=56) (n=138)

SMI 48.47 +7.6 37.06 + 7.4 11.4 oAk 8.2-14.5
Sarcopenia (SMI) 35 (62.5%) 29 (78.3%) - 0.1 -
PMI 13.8+3.8 10+2.5 3.7 ook 23-5.1
Sarcopenia (PMI) 14 (24%) 17 (44.7%) - * -
ESMI 12.1+2.6 10.3+2.5 1.7 wx 0.6-2.8
Sarcopenia 14 (25%) 16 (42.1%) - 0.08 -
(ESMI)

PSMI 6.1+1.3 42+1.2 1.8 oAk 12-23
Sarcopenia 14 (25%) 19 (50%) - ok -
(PSMI)

Independent t-test or Mann-Whitney U test for comparing continuous data and Chi-squared test for
comparing categorical data in male and female participants. Data are presented as mean (median) and
standard deviation (interquartile range) or numbers and percentages for categorical data. SMI; Skeletal
muscle index, PMI; Pectoralis muscle index, ESMI; Erector spinae muscle index, PSMI; Psoas muscle
index, Diff; difference, CI; confidence interval. *p<0.05; **p<0.01; ***p<0.001
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Table 6.4 demonstrates differences in muscles indices and sarcopenia proportions between
patients with BMI >24.9 and BMI < 24.9. As can be seen, SMI, ESMI, and PSMI are
statistically significantly different in the two groups (p = 0.00). In all muscles indices, patients

with high BMI have relatively larger muscles indices compared to those with lower BMI.
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Moreover, PMI tends to be larger in patients with higher BMI (11.4 vs 12.7), although not
statistically significant. Interestingly, the proportion of sarcopenia between the two groups is
not different when comparing sarcopenia of SMI or PMI. Yet, the proportion of sarcopenia is
higher in patients with lower BMI. While there is a statistically significant difference between
the two groups in the frequency of sarcopenia of ESMI and PSMI, with higher percentage of

sarcopenia in those with relatively lower BMI (p = 0.00, for both factors) (Figure 6.5-6.8).

Table 6.4 Muscles differences between BMI groups

Muscle BMI<24.9 BMI >24.9 Diff. P value 95% CI
(n=34) (n=60)
SMI 38.23+84 47.06 + 8.4 -8.8 oAk -124--5.1
Sarcopenia (SMI) 24 (70.5%) 40 (66.6%) - 0.5 -
PMI 11.46+2.9 12.7+4.2 -1.3 0.1 -29-0.2
Sarcopenia (PMI) 12 (35.2%) 19 (31.6%) - 0.7 -
ESMI 9.8+1.8 122 +2.7 -2.4 oK -3.5--13
Sarcopenia 17 (50%) 13 (21%) - ok -
(ESMI)
PSMI 45+12 58+1.5 -1.3 oK -1.9--0.7
Sarcopenia 18 (52.9%) 15 (25%) - ok -
(PSMI)

Independent t-test or Mann-Whitney U test for comparing continuous data and Chi-squared test for
comparing categorical data in male and female participants. Data are presented as mean (median) and
standard deviation (interquartile range) or numbers and percentages for categorical data. BMI; body
mass index, SMI; Skeletal muscle index, PMI; Pectoralis muscle index, ESMI; Erector spinae muscle
index, PSMI; Psoas muscle index, Diff; difference, CI; confidence interval.*p<0.05; **p<0.01;
**%p<(0.001
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6.3.4 Relationship between skeletal muscle index and pectoralis, erector spinae, and

psoas muscles’ indices

The below results (Table 6.5) summarise the correlation between SMI and PMI, ESMI, and
PSMI. All muscle indices show a statistically significant correlation with SMI. PSMI has a
strong positive correlation with SMI (r = 0.77, p = 0.00), while ESMI and PMI have moderate

positive correlation (r = 0.65 and 0.62, respectively, p = 0.00) (Figure 6.9- 6.11).

Table 6.5 correlation between SMI with PMI, ESMI or PSMI

Muscle r P value
PMI 0.62 *ok ok
ESMI 0.65 *okok
PSMI 0.77 *okok

Pearson correlation, SMI; Skeletal muscle index, PMI; Pectoralis muscle index, ESMI; Erector spinae
muscle index, PSMI; Psoas muscle index. *p<0.05; **p<0.01; ***p<0.001
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6.3.5 Correlation between CT body composition and lung function

Table 6.6 below demonstrates the correlation between CT body composition involving SMI,
PMI, ESMI, and PSMI with lung function. Preoperative FVC (L) has a significant correlation
with all muscles’ indices (p<0.001), knowing that all muscles’ indices have a positive moderate

correlation with FVC, except ESMI has a weak correlation with preoperative FVC (r = 0.34).

Moreover, Preoperative FEV; (L) is statistically significantly correlated with all muscles’
indices (p <0.05). However, all correlations with preoperative FEV; are weak for all muscles.
In addition, the SMI is the only muscle index that exhibits a significant but weak correlation
with %DLCO (r = 0.22, p = 0.03), while PMI only has a statistically significant but weak

correlation with preoperative %FVC (r= 0.2, p = 0.03) (Figure 6.12-6.13).
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Table 6.6 correlation between body composition and lung function

SMI PMI ESMI PSMI

Lung function r P value r P value r P value r P value
%Preoperative FEV;  0.04 0.6 0.05 0.6 0.1 0.2 0.03 0.7
Preoperative FEV (L) 0.35 ook 0.34 rokox 0.24 * 0.32 ok
%Preoperative FVC 0.1 0.3 0.2 * 0.1 0.1 0.1 0.1
Preoperative FVC (L) 0.47 ook 0.5 rokox 0.34 ook 0.41 ook
DLCO 0.22 * 0.1 0.1 0.1 0.08 0.1 0.1
ppoFEV, 0.05 0.5 0.3 0.1 0.08 0.4 0.03 0.7
ppoDLCO 0.2 0.05 0.1 0.1 0.1 0.1 0.1 0.2
FEVI/FVC 0.1 0.2 0.04 0.6 0.04 0.6 0.07 0.4

Pearson or Spearman correlation, SMI; Skeletal muscle index, PMI; Pectoralis muscle index, ESMI; Erector spinae muscle index, PSMI; Psoas muscle index.
FEVi; forced expiratory volume in 1 second, FVC; forced vital capacity, DLCO; diffusing capacity for carbon monoxide, ppoFEV: or ppoDLCO; predicted
postoperative FEV or DLCO. *p<0.05; **p<0.01; ***p<0.001
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6.3.6 Intra-observer variability
To investigate the intra-observer variability in CT-based body composition measurements, intraclass
correlation coefficient and the Bland Altman plot were carried out. A total of 30 CT scans were

involved in the intra-observer reproducibility of measuring the PM, ESM, PSM, and SM areas.

Based on the results below, the agreement between the two measurements was excellent, with ICC
ranging between 0.995 and 1 (Table 6.7). The mean differences for right and left ESM were -0.03 and
-0.07, respectively. The widest upper and lower LOAs were 0.7 and 0.8, respectively, considered

reasonably narrow.

The largest mean difference of PM major and minor areas was 0.1, which is lower than 0.98 cm?
[284]. The widest upper LOA was 0.7, whereas the lower LOA was -0.4, which are considered

relatively narrow with only two points lying outside LOA.

Similarly, the mean difference of PSM area measurements was 0.01 and upper and lower LOAs were
relatively narrow (0.39 and 0.4). Lastly, the mean difference between SM measurements was 0.02

with upper and lower LOAs of 0.5, which is reasonably narrow (Figure 6.14-6.22).
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Difference between right ESM area measurements

Table 6.7 Intra-class correlation coefficient for intra-observer reproducibility when measuring
CT-based body composition (95% CI)

Muscle area (cm?) ICC Lower bond Upper bond
Rt ESM 0.999 0.997 0.999

Lt ESM 0.998 0.996 0.999

Rt PM major 0.999 0.997 0.999

Rt PM minor 0.995 0.989 0.998

Lt PM major 0.999 0.998 1.0

Lt PM minor 0.997 0.993 0.998

Rt PSM 0.999 0.997 0.999

Lt PSM 0.999 0.997 0.999
SM 1.0 1.0 1.0

ICC; Intra-class correlation coefficient, ESM; Erector spinae muscle, PM; Pectoralis muscle, PSM;
Psoas muscle, SM; Skeletal muscle, P <0.05
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Difference between left PM minor area measurements
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Difference between left PSM area measurements (cm2)

Difference between SM area measurements (cm2)
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6.3.7 Relationship between CT body composition and QoL

6.3.7.1 Relationship between CT body composition and dyspnoea at eight weeks

Table 8.6 illustrates the differences between patients with increased dyspnoea and those with reduced
dyspnoea eight weeks after lung surgery. The results incorporate 52 patients with increased dyspnoea
versus 36 patients with lower dyspnoea using MCID to assess deterioration and improvement.
Overall, there is no statistically significant difference between the two groups in muscles’ indices,
with a negligible mean difference between the two groups and no statistically significant difference

in the proportion of sarcopenia between the two groups (p >0.05).

Table 6.8 The difference between patients with increased dyspnoea and reduced dyspnoea at eight weeks
in CT body composition measures

Increased Reduced
Muscle dyspnoea dyspnoea Mean P value 95% CI
(n=52) (n=36) Diff.
SMI 449+9.4 42.4+£9.6 -2.5 0.2 -6.6- 1.6
Sarcopenia SMI 30 (57.6%) 27 (75%) - 0.4 -
PMI 124+34 122+3.5 -0.2 0.7 -1.7-1.2
Sarcopenia (PMI) 10 (19.2%) 14 (38.8%) - 0.1 -
ESMI 12.1£2.5 11.6 +2.7 -0.5 0.3 -1.6-0.6
Sarcopenia 11 (21.1%) 11 (30.5%) - 0.5 -
(ESMI)
PSMI 53+1.6 52+1.5 -0.1 0.7 -0.7-0.5
Sarcopenia 19 (36.5%) 13 (36.1%) - 0.6 -
(PSMI)

Independent t-test for comparing continuous data and Chi-squared test for comparing categorical data in those
with increased and reduced dyspnoea after surgery. Data are presented as mean and standard deviation or
numbers and percentages for categorical data. SMI; skeletal muscle index, PMI; Pectoralis muscle index,
ESMI; Erector spinae muscle index, PSMI; Psoas muscle index, Diff; difference, CI; confidence interval.
*p<0.05; **p<0.01; ***p<0.001
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6.3.7.2 Relationship between CT body composition and dyspnoea at six months

The results below highlight the differences between patients with increased dyspnoea symptoms and
those with reduced dyspnoea six months after surgery in body composition (Table 6.9). The results
incorporate 52 patients with higher dyspnoea versus 36 patients with lower dyspnoea. In terms of all
muscles’ indices, there is no statistically significant difference between the two groups (p > 0.05). In
terms of sarcopenia, the proportion of sarcopenia of SMI, PMI, and PSMI tends to be higher in
patients with increased dyspnoea compared to the other group, although the results did not reach
statistical significance (p >0.05). The proportion of sarcopenia of SMI is somewhat higher in patients
with increased dyspnoea compared to the rest (67.3% vs 63.8%, respectively). Similarly, the
proportion of sarcopenia of PMI and PSMI is marginally higher in patients with increased dyspnoea
compared to the rest of the patients (38.8% vs 30.7% for PMI, and 38.4% vs 30.5% for PSMI
respectively). However, the proportion of sarcopenia of ESMI is nearly equal in the two groups

(32.6% vs 33.3%, respectively).
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Table 6.9 The difference between patients with increased dyspnoea and recovered dyspnoea at six months
in CT body composition measures

Increased Recovered Mean
Muscle dyspnoea dyspnoea Diff. P value 95% CI
(n=52) (n=36)
SMI 44.6 £9.7 43.0+9.3 -1.5 0.4 -5.7-2.5
Sarcopenia SMI 35 (67.3%) 23 (63.8%) - 0.8 -
PMI 124+32 12.1+£3.7 -0.2 0.9 -1.7-1.2
Sarcopenia (PMI) 14 (38.8%) 16 (30.7%) - 0.08 -
ESMI 11.5+2.7 11.3+29 -0.1 0.7 -1.3-1.0
Sarcopenia 17 (32.6%) 12 (33.3%) - 0.9 -
(ESMI)
PSMI 54+1.5 535+1.6 -0.05 0.9 -0.7-0.6
Sarcopenia 20 (38.4%) 11 (30.5%) - 0.5 -
(PSMI)

Independent t-test for comparing continuous data and Chi-squared test for comparing categorical data in those
with increased or decreased and no change dyspnoea after surgery. Data are presented as mean and standard
deviation or numbers and percentages for categorical data. SMI; skeletal muscle index, PMI; Pectoralis muscle
index, ESMI; Erector spinae muscle index, PSMI; Psoas muscle index, Diff; difference, CI; confidence
interval. *p<0.05; **p<0.01; ***p<0.001

6.3.7.3 Relationship between CT body composition and global health at eight weeks

The results below show the difference in the indices and proportion of sarcopenia in SM, ESM, PM,
and PSM between patients with worsened and recovered global health eight weeks following lung
cancer surgery (Table 6.10). As can be seen, there is no statistically significant difference between the
two groups in muscle mass or sarcopenia proportion between those with improved global health or

deteriorated global health eight weeks following lung surgery (p >0.05).
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Table 6.10 The difference between patients with reduced global health and recovered global health
at eight weeks in CT body composition measures

reduced global  recovered
Muscle health global Diff. P value 95% CI
(n=46) health
(n=41)

SMI 44.3 £ 10.1 43.1+£8.9 -1.2 0.5 -53-2.8
Sarcopenia SMI 31 (67.3%) 26 (63.4%) - 0.8 -
PMI 124+3.5 122+3.4 -0.2 0.7 -1.7-1.2
Sarcopenia (PMI) 11 (23.9%) 13 (31.7%) - 0.4 -
ESMI 12+2.5 11.8+2.7 -0.2 0.6 -1.3-0.8
Sarcopenia 11 (23.9%) 11 (26.8%) - 0.7 -
(ESMI)

PSMI 53+1.6 52+14 -0.1 0.6 -0.8-0.5
Sarcopenia 17 (36.9%) 15 (36.5%) - 0.3 -
(PSMI)

Independent t-test for comparing continuous data and Chi-squared test for comparing categorical data in those
with decreased and recovered global health after surgery. Data are presented as mean and standard deviation
or numbers and percentages for categorical data. SMI; skeletal muscle index, PMI; Pectoralis muscle index,
ESMI; Erector spinae muscle index, PSMI; Psoas muscle index, Diff; difference, CI; confidence interval.
*p<0.05; **p<0.01; ***p<0.001

6.3.7.4 Relationship between CT body composition and global health at six months

Table 6.11 compares patients with worsened global health and those with recovered global health six
months following lung surgery in in sarcopenia and muscles’ indices. Assessing of the improvement
or worsening of global health is based on MCID. Overall, there is no statistically significant difference
between muscles indices in the two groups (p >0.05). As can be seen, indices of skeletal, pectoralis,
erector spinae, and psoas muscles are equal or slightly higher in patients with lower global health.
Moreover, there is no statistically significant difference between the proportion of sarcopenia of all
muscles in the two groups (p >0.5). Yet, it can be noticed that the percentage of sarcopenic skeletal

muscles is marginally higher in the patients with reduced global health compared to those recovered
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(68.7% vs 62.5%, respectively). Conversely, sarcopenia in ESM, PM and PSM is slightly higher in

the other group.

Table 6.11 The difference between patients with reduced global health and recovered global health in CT
body composition measures

reduced global  recovered
Muscle health global Diff. P value 95% CI
(n=32) health
(n=32)

SMI 443+11.3 41.7+7.7 -2.5 0.2 -7.5-23
Sarcopenia SMI 22 (68.7%) 20 (62.5%) - 0.7 -
PMI 12.6 £4.3 11.2+24 -1.3 0.1 -3.1-0.3
Sarcopenia (PMI) 12 (37.5%) 14 (43.7%) - 0.6 -
ESMI 12+2.6 11.1+2 -0.8 0.1 -1.9-03
Sarcopenia 10 (31.2%) 14 (34.7%) - 0.3 -
(ESMI)

PSMI 56+1.5 5+1.5 -0.5 0.1 -1.4-0.2
Sarcopenia 11 (34.3%) 13 (40.6%) - 0.5 -
(PSMI)

Independent t-test for comparing continuous data and Chi-squared test for comparing categorical data in those
with increased or decreased and no change dyspnoea after surgery. Data are presented as mean and standard
deviation or numbers and percentages for categorical data. SMI; skeletal muscle index, PMI; Pectoralis muscle
index, ESMI; Erector spinac muscle index, PSMI; Psoas muscle index, Diff; difference, CI; confidence

interval. *p<0.05; **p<0.01; ***p<0.001

6.3.7.5 Relationship between CT body composition and physical functioning at six months

As the previous results have not shown a significant difference between the compared groups with

respect to sarcopenia and muscle mass. It was of interest to the author to perform an additional

exploratory analysis to determine whether there are significant differences when assessing other

HRQOL domains of physical functioning and fatigue.

234



The results below (Table 6.12) investigate the difference between patients with deteriorated and
improved physical functioning six months after lung cancer surgery. Accordingly, there are no
statistically significant differences between the two groups in regard to sarcopenia across all muscle
types (p>0.05). Additionally, there is no statistically significant difference in muscle mass between

individuals who have declined and improved physical functioning six months following lung surgery.

Table 6.12 The difference between patients with decreased physical functioning and recovered physical
functioning at six months in CT body composition measures

Decreased Recovered
Muscle Physical Physical Mean P value 95% CI

functioning functioning Diff.

(n =40) (n=25)

SMI 445+ 10 40.5+8.9 -4 0.1 -8.8-0.8
Sarcopenia SMI 25 (62.5%) 18 (72%) - 0.5 -
PMI 12.2+£3.8 11.5+3 -0.6 0.4 -23-1.0
Sarcopenia (PMI) 12 (30%) 10 (40%) - 0.4 -
ESMI 11.8+2.5 11.2+1.9 -0.6 0.2 -1.7-0.5
Sarcopenia 12 (30%) 8 (32%) - 0.8 -
(ESMI)
PSMI 5615 49+1.7 -0.6 0.1 -1.5-0.1
Sarcopenia 11 (27.5%) 13 (52%) - 0.055 -
(PSMI)

Independent t-test for comparing continuous data and Chi-squared test for comparing categorical data in those
with decreased and recovered physical functioning after surgery. Data are presented as mean and standard
deviation or numbers and percentages for categorical data. SMI; skeletal muscle index, PMI; Pectoralis muscle
index, ESMI; Erector spinac muscle index, PSMI; Psoas muscle index, Diff; difference, CI; confidence
interval. *p<0.05; **p<0.01; ***p<0.001
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6.3.7.6 Relationship between CT body composition and fatigue at six months

Table 6.13 compares patients with increased and lower fatigue six months after lung cancer surgery

in CT body composition of SM, PM, ESM, and PSM. There are no statistically significant differences

in sarcopenia or muscle mass between the two groups (p>0.05).

Table 6.13 The difference between patients with increased fatigue and reduced fatigue at six months in
CT body composition measures

Increased reduced
Muscle fatigue fatigue Mean P value 95% CI
(n =35) (n =30) Diff.

SMI 43+£9.2 42.3+10.5 0.7 0.7 -5.7-43
Sarcopenia SMI 24 (68%) 20 (66%) - 0.9 -
PMI 11.8+3.5 12+3.7 0.1 0.8 -1.6-1.9
Sarcopenia (PMI) 12 (34%) 11 (36%) - 0.8 -
ESMI 11.8+£2.5 11.1+2.1 0.6 0.3 -1.7-0.5
Sarcopenia 8 (22%) 13 (43%) - 0.07 -
(ESMI)

PSMI 51+£1.6 54+1.8 0.2 0.6 -0.6-1.0
Sarcopenia 12 (34%) 13 (43%) - 0.3 -
(PSMI)

Independent t-test for comparing continuous data and Chi-squared test for comparing categorical data in those
with increased or decreased fatigue after surgery. Data are presented as mean and standard deviation or
numbers and percentages for categorical data. SMI; skeletal muscle index, PMI; Pectoralis muscle index,
ESMI; Erector spinae muscle index, PSMI; Psoas muscle index, Diff; difference, CI; confidence interval.
*p<0.05; **p<0.01; ***p<0.001
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6.3.8 Relationship between CT body composition and postoperative clinical outcomes

The author undertook additional exploratory analyses to examine the relationship between CT body
composition and postoperative clinical outcomes, focusing on understanding sarcopenia. As part of
this investigation, we intend to investigate how body composition affects recovery and health
following surgery, thereby contributing to a better understanding of the clinical implications of

sarcopenia.

In this subset of the study, only 10 patients experienced PPC, as compared with 84 patients who did
not experience such complications after surgery. In addition, there was a low readmission rate, with
13 patients who were readmitted as opposed to 78 who were not. Accordingly, given the low incidence
of PPC and readmission, the author concentrated primarily on investigating LOS. To this end, the
median LOS of 5 days was employed as a threshold to differentiate between patients with longer

versus shorter hospital stays.

The results (Table 6.14) show no significant difference in sarcopenia and muscle mass between

patients with longer and shorter LOS (p>0.05).
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Table 6.14 The difference between patients with longer and shorter length of hospital stay in CT body
composition measures

long LOS Short LOS

Muscle >5 days <5 days Mean P value 95% CI
(n=37) (n=57) Diff.

SMI 44.6 £8.5 434+99 1.1 0.5 -5.0-2.7
Sarcopenia SMI 24 (64.8%) 40 (70%) - 0.7 -
PMI 12.5+£2.9 12.2+£3.7 0.3 0.6 -1.0- 1.7
Sarcopenia (PMI) 9 (24%) 15 (26%) - 0.8 -
ESMI 122+2.3 11.8+2.7 0.4 0.4 -1.5-0.6
Sarcopenia 8 (21.6%) 15 (26.3%) - 0.6 -
(ESMI)

PSMI 54+14 53+£1.6 0.06 0.8 -0.7-0.5
Sarcopenia 13 (35%) 20 (35%) - 0.9 -
(PSMI)

Independent t-test for comparing continuous data and Chi-squared test for comparing categorical data in those
with long or short LOS after surgery. Data are presented as mean and standard deviation or numbers and
percentages for categorical data. SMI; skeletal muscle index, PMI; Pectoralis muscle index, ESMI; Erector
spinae muscle index, PSMI; Psoas muscle index, Diff; difference, CI; confidence interval. *p<0.05; **p<0.01;
**%p<(0.001

6.3.9 Comparison between contrast-enhanced and unenhanced CT body composition

In order to compare contrast-enhanced and unenhanced CT body composition, Wilcoxon signed-rank
test was used to compare ESM area. A total of 10 observations were tested for the difference in right
and left ESM cross-sectional area measures. There is no statistically significant difference between
the contrast-enhanced and unenhanced CT scan measurements of the right and left ESM areas.
Furthermore, the median value of right ESM area for unenhanced CT scans was 13.9 + 7 cm? and
13.9 + 7.2 cm? for the enhanced CT scans. The median values for left ESM area for unenhanced and

enhanced CT scans were 15.1 +7 cm?and 15.2 + 7.1 cm?, respectively (Table 6.15).
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Table 6.15 Comparison between contrast-enhanced and unenhanced CT body composition

Unenhanced Enhanced
QCT measure Median IQR Median IQR P-value
Rt ESM area 13.9 7 13.9 7.2 0.7
Lt ESM area 15.1 7 15.2 7.1 0.2

Wilcoxon signed-rank test, IQR; Inter Quartile Range, QCT; quantitative computed tomography, ESM; Erector

spinae muscle, Rt; right, Lt; left, *p<0.05; **p<0.01; ***p<0.001

Below, Figures 6.23- 6.24 show Bland Altman plots demonstrating agreement between contrast-

enhanced and unenhanced CT measurements of right and left ESM areas (cm?). The mean difference

between the measures was 0.02% for right ESM area and -0.08% for left ESM area. The LOAs were

narrow and clinically acceptable for both measures, with only 1 point lying outside the LOA for both

plots. In this study, the mean difference is small for both right and left ESM areas in contrast-enhanced

and unenhanced CT scans.
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Difference between Rt ESM area measurements (cm2)

Difference between Lt ESM area measurements (cm2)
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Figure 6.23 Agreement between contrast-enhanced and unenhanced CT scans for right ESM areas
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Figure 6.24 Agreement between contrast-enhanced and unenhanced CT scans for left ESM areas
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6.4 Discussion

This study investigated the difference in sarcopenia between patients who experienced worse HRQOL
and those with recovered HRQOL after lung cancer surgery. To our knowledge, there is insufficient
evidence of CT-measured sarcopenia and QoL after lung cancer surgery. Also, we examined multiple
muscles at thoracic and abdominal scans to better understand sarcopenia and capture variations
between these muscles. This study utilised contrast-enhanced CT scans as they are routinely
performed on lung cancer patients. The contrast-enhanced CT scanning protocol included not only
thoracic, but also abdominal scans, allowing for a comprehensive evaluation of the patient. We have
shown that there is no statistically significant difference in the cross-sectional area of the ESM
between contrast-enhanced and unenhanced CT scans and the Bland Altman plots represented good
agreement between the two measures. This is in accordance with previous studies which have
demonstrated that contrast administration did not affect the quantification of the muscle area, but only

muscle quality [339].

Several studies showed that sarcopenia and cancer cachexia were more frequent in men than women
[340-342], whereas other studies noticed that sarcopenia in cancer patients was not associated with
gender [343, 344]. There is an interesting difference between the current findings and those previously
reported, as female subjects were significantly more likely to have sarcopenia of the pectoralis and
psoas muscles than male subjects, while female subjects also exhibited more sarcopenia of the erector
spinae and skeletal muscles; however, this was not statistically significant. This may be explained by

the small number of females compared to males in this study (38 vs. 56, respectively).

Furthermore, indices of all muscles were higher in overweight and obese patients compared to those
with normal BMI. This study demonstrated that the frequency of sarcopenia was higher in patients
with relatively lower BMI compared to overweight and obese patients. These results support previous

reports which emphasised that BMI was inversely related to sarcopenia [345, 346]. One possible

241



explanation is that overweight and obese individuals may have higher fat mass and higher lean mass
that could be inadequate for their size [347]. Interestingly, nearly two-thirds (64%) of the subjects in

this study were overweight and obese patients, which might explain the presented results.

One of our exploratory aims was to determine the correlation between SMI and the three muscles’
indices (PMI, ESMI, and PSMI). All muscles were positively correlated with SMI. These findings
are comparable to those stated by Hamaguchi et al., who investigated the relationship between PSMI
and SMI and found a significant strong correlation between the two muscles (r = 0.73, p <0.001)
[234]. Similar results were also noted for PM and ESM correlations [338, 348]. Additionally, the
results found that PSMI was strongly correlated with SMI while PMI and ESMI were moderately
correlated. In agreement with this result, previous studies have shown that the correlation between

SM and PM is not as strong as between SM and skeletal muscles measured on lumbar scans [349].

As part of the exploratory analysis, we assessed the correlation between SMI, PMI, ESMI, and PSMI
with lung function. This analysis was vital as this study involved lung cancer patients, whose lung
function plays a significant role in their clinical investigation and decision-making processes. Hence,
finding the relationship between CT-based body composition and lung function was necessary. The
results identified that preoperative FEV (L) and preoperative FVC (L) were the only factors of lung
function that significantly correlated with all muscles’ indices. Notably, DLCO was significantly but
weakly correlated with SMI. The results are parallel to previous findings that found a correlation
between lung function and ESM [233], PM [78, 350], PSM [351], or SM [328]. Conversely,
FEV/FVC was not significantly correlated with the measured muscles. Despite that forced vital
capacity (FVC) and forced expiratory volume (FEV1) may decline with sarcopenia, FEV/FVC ratio
represents an upper airway obstruction that may not differ regardless of the presence of sarcopenia
[352]. In addition, previous findings paralleled our results and showed that DLCO was not correlated

with muscles’ indices [256, 353]. Moreover, there was no relationship between muscles’ indices and
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ppoFEV: or ppoDLCO which was noted in other literature [353, 354]. Nevertheless, some reports

indicated impaired pulmonary function could lead to muscle atrophy [232].

Additionally, we performed a reproducibility study by evaluating intra-observer variability and found
good agreement between the measurements. Our results showed an excellent ICC and a small mean

difference between the measurements compared to the previous reports [284, 355].

Lastly, the main objective of this research was to explore the relationship between sarcopenia and
HRQOL. This study assessed the differences between those with recovered HRQOL at eight weeks
and six months (dyspnoea and global health) as measured by EORTC QLQ-C30 and sarcopenia.
Generally, we have shown no significant difference between those with recovered and those with
worsened dyspnoea or global health in sarcopenia at all time points. Although there were no
significant differences between individuals with increased dyspnoea and those with lower dyspnoea
six months after lung surgery, we observed that those with higher dyspnoea at six months tend to have
more sarcopenic muscles. Our findings were in agreement with those reported by Daly et al., who
examined the relationship between QoL using EORTC QLQ-C30 and low skeletal muscle index in
428 patients with advanced cancer and found no correlation between dyspnoea and low SMI (r=0.01,
p=0.8) [87]. In the same vein, Bye et al. assessed 734 lung cancer patients treated with chemotherapy
and found no significant association between skeletal muscle index and dyspnoea (p = 0.4) [85].
Conversely, other reports demonstrated a significant association between PMA and dyspnoea using
MRC score [356]. However, the author used the aortic arch as an anatomic landmark for measuring
pectoralis muscles, which may limit the reproducibility of their image analysis. Our results
demonstrated no statistically significant difference in sarcopenia between patients with deteriorated
global health and those with recovered global health at eight weeks and six months after lung cancer
surgery. Likewise, other research stated no relationship between global health and sarcopenia [87,

357]. We performed exploratory analyses to determine whether sarcopenia differs between
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individuals with deteriorated and improved HRQOL of physical functioning and fatigue six months
after lung surgery. The results showed no significant difference between the two groups. These results
were in accordance with the findings in previous reports that stated no difference in fatigue and
physical functioning between pre-sarcopenic and non-sarcopenic [329]. In the same vein, another
study compared fatigue in 104 advanced cancer patients and found no significant difference between
those with sarcopenia and those without [331]. Likewise, a study included 138 colorectal cancer
patients and found no association between skeletal muscle mass and physical functioning and fatigue
at six months [357]. Lastly, we conducted additional investigations in order to gain a deeper
understanding of the impact of sarcopenia on clinical outcomes following lung surgery including
LOS, PPC and hospital readmission. However, due to the small number of individuals experiencing
PPC and hospital readmission, we were unable to assess these two outcomes. Thus, we have
examined differences in sarcopenia among patients who had longer LOS (more than five days)
compared to those who had shorter hosptal stays (five days or less). Similarly, the result showed no
significant difference between the two groups. This finding is in agreement with a previous study
stating that there is no significant difference in LOS between 355 patients [358] and 1121 patients

[226] with and without sarcopenia.

There is inconsistent evidence in the literature regarding the relationship between HRQOL and
sarcopenia [225]. While many studies revealed no relationship between HRQOL and sarcopenia
[359], others highlighted a significant relationship between quality of life using the FACT-G tool and
sarcopenia [360]. However, dyspnoea score was not considered in their evaluation since this
instrument does not incorporate it [144]. There are several explanations for the present results; one
reason may be due to a limited sample size, which suggests that a larger sample size might be
necessary. There is also the possibility that measuring the longitudinal change in skeletal muscle mass

may provide better evidence of the loss of skeletal muscle mass; since skeletal muscle mass is
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measured at one-time point, it may not be indicative of patients' level of muscularity [325]. It is also
important to note that a reduction in skeletal muscle mass, measured through muscles' indices, may
not necessarily represent a loss of muscle function [85]. Evidence suggested that assessing thoracic
muscle mass along with functional deficits related to muscle strength may be more effective in
assessing lung cancer patients' outcomes [359]. The mechanism of muscle loss is complex and is
affected by a variety of factors, including aging, nutritional status and physical fitness [232]. The
EWGSOP2 guidelines recommend assessing muscle strength as the first step in the initial assessment
of sarcopenia. In the event that muscle strength is determined to be deficient, additional validation
must be obtained by analysing muscle quantity and quality on medical imaging modalities [73]. Thus,

a study assessing muscle strength along with CT-based body composition would be highly beneficial.

6.5 Limitations and future research

This study was able to assess the relationship between CT-based body composition and postoperative
quality of life after lung cancer surgery. Moreover, we were able to evaluate more than one muscle at
different levels of thoracic and abdominal scans for more comprehensive assessment. However, there
are some limitations encountered in the study. First and foremost, the small sample size of this study
may limit the generalisability. Moreover, the retrospective nature of this study. In addition, we have
not assessed muscle attenuation, an important indicator of muscle quality due to the use of contrast-
enhanced CT scans that can affect the readings of muscle density and provide inaccurate measures.
Nevertheless, we focused primarily on contrast-enhanced CT scans which are routinely utilised in
clinical investigations involving cancer patients. In this study, we sought to evaluate the feasibility of
measuring sarcopenia using these scans without exposing patients to additional radiation using
additional CT scans. Furthermore, the study could not examine changes in skeletal muscle over time,

which might be more indicative of postoperative outcomes. Extended research on monitoring
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malnutrition and reducing weight loss and its impact on patients’ outcomes and QoL is warranted.
Conducting a longitudinal study is crucial for gaining insights into the progression of sarcopenia and
after lung cancer surgery its impact on QoL and clinical outcomes. Additional investigation into the
risk factors and mechanisms of muscle loss is warranted to enable referrals to rehabilitation programs

such as pulmonary rehabilitation and appropriate therapeutic plans.
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Chapter 7. An Investigation of the Agreement between Al-based
Software and A Semi-automated Software in Quantification of

Emphysema on CT

7.1 Introduction

Significant changes in medicine and radiology have occurred due to the introduction of informatics,
machine learning, and personalised medicine [361]. A considerable increase in the use of Artificial
Intelligence (AI) in the last decade has altered the way diagnostics are made in the age of the 4th
Industrial Revolution [362, 363]. Despite continuous research into the use of Al in clinical settings,
these systems have not been widely implemented [364]. Because Al can be used to diagnose lung
disease involving COPD with various benefits, significant use of these systems is anticipated in

hospitals in the near future [262].

In general, reproducible CT measurements are believed to be difficult to generate due to technical
challenges. The reconstruction parameters such as slice thickness and reconstruction kernel [265,
365], breathing techniques, such as submaximal inspiration [366] and dose [193] have all been
presented to affect CT quantification. However, several large trials have managed to standardise these
parameters by using dedicated phantoms and breath-hold coaching techniques [367]. Another factor
that should be considered for the reproducibility of QCT measures is the software utilised for image
analysis. However, even when constant image acquisition and reconstruction parameters are used,
QCT measures variability can occur due to differences in the lobar segmentation, segmentation of the
large airways or pulmonary vessels [368]. Previous studies have reported the high variability of

different software programs in emphysema quantification [369-371].
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COPD is a challenging disease to diagnose, and the potential complications of mistreatment or non-
treatment highlight the importance of using any new means of diagnosis, including Al [262].
Quantifying emphysema in CT is an objective and accurate approach to detecting the disease [261];
however, manual methods are time-consuming and may result in high variability between observers
[272]. Therefore, Al-based algorithms can save time and reduce variability compared to manual and
semi-automated methods. While Al-based image analysis is promising in medical image analysis,
including COPD detection, it is vital to understand the variations between this approach and semi-
automated analysis. It is imperative to assess the reliability and reproducibility of the software in
order to ensure confidence in the results produced. In addition, it is essential to validate the
implementation of Al-based image analysis software and investigate the software programs'
reliability. This study aimed to examine the agreement between Al software and semi-automated

analysis of CT emphysema.
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7.2 Methods

7.2.1 CT scan

This is a retrospective study that used all unenhanced CT scans analysed in Chapter 5 to compare the
measurements of two software programs. A subset of 60 patients who underwent unenhanced CT
scans at University Hospital Birmingham (UHB) NHS Foundation Trust were screened. Details of

the methodology of this chapter including patients’ inclusion criteria is detailed in Section 3.4.

7.2.2 CT scan analysis software

In this study, we analysed the same CT scans using two software programs: 3D slicer v 4.10; Chest
Imaging Platform (CIP) module, and Al-assisted Aview ® system (Coreline Soft Inc., Seoul, South
Korea). Lung segmentation and quantification of emphysema using %LAA-950, PD15, MLD and
lung volume were measured for whole lung and lung lobes. Details about the software programs and

their methods in the image analysis is explained in the Methods Chapter (Section 3.2 and 3.4).

7.2.3 Statistical analysis
Intra-class correlation coefficients (ICC) and Bland Altman plots were used to assess the agreement
between the two software. P-value of <0.05 is considered statistically significant. The statistical

analysis method is described in Section 3.4.

All the statistical analyses were performed using Stata 18.0 statistical software (Stata Co., College

Station, TX) or SPSS version 29 (IBM Corp.).
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7.3 Results

7.3.1 Baseline characteristics and image analysis

A total of 60 patients with unenhanced CT scans which were analysed using 3D Slicer in the previous
study were screened for inclusion (Chapter 5, Section 5.3.5). CIP was able to process more than 95%
of the CT scans successfully, whereas Aview system analysed nearly 82% of the CT scans
successfully. The excluded subjects were 10 CT scans due to the inability of Aview software to
analyse the %LAA-950 due to the protocol of CT scans not being optimised for the software. One CT
scan was also excluded due to the software's failure to exclude the airway (Figure 7.1). Aview
software requires only 2-3 minutes for an image analysis, as opposed to 15 minutes for the CIP

module. The baseline characteristics of the patients, and CT data output are summarised in Tables

7.1-7.2.

Assessed for non
contrast CT scan
n =60

¥

Excluded with reasons

n=11

Error in analysis by

Aview software due to
CT protocol

n=10

Failure of Aview to

exclude airway

n=1

Non contrast CT
scans
n=49

Figure 7.1 Flow chart for inclusion of unenhanced CT scans




Table 7.1 Baseline characteristics of 49 patients included in the study

Characteristic Total
(n=49)
Age 70 £ 8.5
Gender (male) 28 (46.7)
BMI 28+ 6
Smoking quit time
Current 8 (14)
Ex-smoker (6 weeks > 1 year) 8 (14)
Ex-smoker (> 1 year) 30 (52.6)
Never smoker 11 (19)
FEV:(L) 2+0.7
% FEV, 84.6 +23.5
FVC (L) 3.1+0.8
% FVC 101.1+0.8
%DLCO 76.3 £20.1

Data are presented as mean (median) and standard deviation (interquartile range) or numbers and percentages
for categorical data. BMI; body mass index, FEV; forced expiratory volume in 1 second, FVC; forced vital

capacity, DLCO; diffusing capacity for carbon monoxide.

Table 7.1 illustrates patients’ demographics, smoking quit time and lung function. The median age is

70, and almost half of the patients are male (46.7%). The mean BMI is 28, and over half of the patients

have stopped smoking for over a year (52.6%). The mean FEV| (L) is 2, and mean %FEV is 84.6.

The median values of FVC (L) and %FVC are 3.1 and 101.1, respectively, and mean DLCO is 76.3.
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7.3.2 Aview system CT quantification output
Aview software offers the data in the form of a pdf report, which involves values for the whole lungs,

the right and left lungs, and each of the five lobes. Measurements contain:

e %LAA-950

e 15" Percentile

e Mean lung density and standard deviation

e Volume

e Other measures were not employed in this analysis, including the %HAA.
e Lung density histogram (Figure 7.2)

e LAA chart presented as a Bull’s eye chart (Figure 7.2)

Most scans have been analysed successfully; however, the software failed to process 11 scans, mostly

due to CT scans’ protocol that were not optimised for the software’s specifications.

LAA Chart

RUL—

5 <
LAA 9 % LUL

LAA 11%

RML
LAA14 %
[

LLL
LAA‘11 %

SRLL
LAA 13%

Rt. Lung: 12% Lt. Lung: 11%

Figure 7.2 An example of lung density histogram and Bull’s eye chart by Aview software, RUL;
right upper lobe, RML; right middle lobe, RLL; right lower lobe, LUL; left upper lobe, LLL;
left lower lobe, HU; Hounsfield Units.
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The mean (median) measurements for each software program are provided in Tables 7.2, and 7.3. For
%LAA-950, the median value for the whole lung and each lobe for Aview is 1, while the median
value for CIP for the whole lung and each lobe ranges between 0.46 and 1.1. For PD15, the mean
value for the whole lung for Aview is -900.1 HU whereas the mean value for CIP is -900.3 HU. The
right upper, middle and left upper lobes represent the lowest densities. For the right upper lobe, Aview
and CIP have PD15 0f -900.2 and -900.6, respectively. The mean values of PD15 for the right middle
and left lower lobes for Aview are -907.6 and -891.8 HU, respectively, and for CIP, they are -911.4

and -889.1 HU, respectively.

Table 7.2 summary of the densitometry measurements of Aview and CIP of 49 patients

Aview CIp
Whole lung 1+4 0.86 +3
Right lung 1+3 0.68 +2.78
%LAA-950 (HU) Left lung 1+4 1.1+3.3
Right upper lobe 1+4 0.75+3.06
Right middle lobe 1£3 1.1+£39
Right lower lobe 1+4 0.46+2.9
Left upper lobe 1+3 1+2.6
Left lower lobe 1+3 0.75+2.2
Whole lung -900.1 +30.4 -900.3 +30.3
Right lung -900.4 + 29.6 -900.7 £ 29.5
Left lung -899 +32.5 -899.3+32.3
15 PD (HU) Right upper lobe -900.2 + 30 -900.6 +29.7
Right middle lobe -907.6 +27.4 -911.4 +26.6
Right lower lobe -893.8+35.5 -890.2 + 37.6
Left upper lobe -902.6 + 31 -903.6 = 30.9
Left lower lobe -891.8 £ 38.1 -889.1£41.2

Data are presented as mean (median) and standard deviation (interquartile range). CIP; Chest Imaging
Platform, LAA; low attenuation area, 15 PD; 15% Percentile.
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Table 7.3 demonstrates MLD and lung volume measurements of the two software programs for the
whole lung and individual lobes. As can be seen, the right middle and left upper lobe have the lowest
densities with MLD measures using Aview are -828.5 and -824.5 HU, respectively, and MLD using
CIP for the same lobes are -836.2 and -827.7 HU, correspondingly. The whole lung mean density
measurement using Aview is -812.9, whereas CIP is -816.6 HU. The lower right and left lobes exhibit
the highest mean density measurements. For the lung volume measurements (L), both software
programs have similar values for whole lung and each lobe except the right lung, right middle lobe

and right lower lobe, as summarised in Table 7.3.

Table 7.3 A summary of the densitometry measurements of Aview and CIP of 49 patients

Aview CIp
Whole lung -812.9+43.8 -816.6 £41.7
Right lung -813.7+42.7 -817.5+40.4
Left lung -811.4+46.4 -826.6 £ 66
MLD (HU) Right upper lobe -827 + 68 -827.6 £ 63.5
Right middle lobe -828.5 +38.2 -836.2+35.9
Right lower lobe -805 £ 67 -809.1 £ 75
Left upper lobe -824.5+39.3 -827.7+ 39
Left lower lobe -807 £ 74 -816.7+72.4
Whole lung 4.6+ 1.8 46+1.9
Right lung 2.6+ 1 25+1
Left lung 2.3+0.6 23+0.6
Lung volume (L) Right upper lobe 0.9+0.5 09+04
Right middle lobe 0.46 +0.1 0.4+0.1
Right lower lobe 1.2+03 1.1+£03
Left upper lobe 1.1£0.5 1.1+£0.5
Left lower lobe 1+03 1+03

Data are presented as mean (median) and standard deviation (interquartile range). CIP; Chest Imaging
Platform, MLD; Mean lung density.
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7.3.3 Assessment of the agreement between Aview and CIP data output

To investigate the agreement between Aview and CIP in emphysema quantification, intra-class
correlation coefficient and Bland Altman plots were employed to compare the measurements of the
two software programs. A total of 49 observations were tested for the difference in %LAA-950, MLD,

PDI15, and lung volume of the whole lung and each lobe.

The results below show excellent agreement between the two software programs in %LAA-950 with
ICC of the whole lung and each lobe between 0.999 and 0.987 (Table 7.4). The mean differences of
%LAA-950 for the whole lung and each lobe were between -0.44 and 0.05%, and the largest LOA
was 2%, which is considered relatively narrow and less than 5%, with few points lying outside LOA

(Figure 7.3-7.10).

Table 7.4 Intra-class correlation coefficient between Aview and CIP in %LAA-950 (95% CI)

ICC Lower bond Upper bond
Whole lung 0.998 0.997 0.999
Right lung 0.998 0.997 0.999
Left lung 0.999 0.998 0.999
Right upper lobe 0.995 0.992 0.997
Right middle lobe 0.987 0.974 0.993
Right lower lobe 0.99 0.98 0.995
Left upper lobe 0.997 0.995 0.998
Left lower lobe 0.992 0.986 0.996

ICC; Intra-class correlation coefficient, P <0.05
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Figure 7.3 Agreement between Aview and CIP software programs for %LAA-950 of whole lung
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Figure 7.4 Agreement between Aview and CIP software programs for %LAA-950 of right lung
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Figure 7.5 Agreement between Aview and CIP software programs for %LAA-950 of left lung
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Figure 7.6 Agreement between Aview and CIP software programs for %LAA-950 of right upper
lobe
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Figure 7.7 Agreement between Aview and CIP software programs for %LAA-950 of right middle lobe
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Difference between %LAA-950 left upper lobe
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Figure 7.9 Agreement between Aview and CIP software programs for %LAA-950 of left upper lobe
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In terms of the PD15, the two software programs had excellent agreement, with best agreement found
in the whole lung, right and left lung (ICC = 1.0), and in each lobe with ICC ranges between 0.998
and 0.98 (Table 7.5). The Bland Altman plots show the mean difference in the PD15 between 0.22
and 3.8 HU, which is considered relatively small. The LOA for the whole lung, right lung, left lung,
right upper lobe and left upper lobe were reasonably narrow with few points lying outside LOA, given
that 10 HU generally represents disease progression in the PD15 in the literature [372, 373]. Although
the largest mean difference of PD15 in the right middle, right lower lobe, and left lower lobe is 3.8,
the LOA were wider than acceptable limits, with the largest upper LOA is 16.28 HU seen in the right
middle lobe. The upper LOA for the right lower lobe and left lower lobe are 15.37 and 15.89 HU,

respectively (Figure 7.11-7.18).

Table 7.5 Intra-class correlation coefficient between Aview and CIP in 15th percentile (95% CI)

ICC Lower bond Upper bond
Whole lung 1.0 1.0 1.0
Right lung 1.0 1.0 1.0
Left lung 1.0 1.0 1.0
Right upper lobe 0.997 0.995 0.998
Right middle lobe 0.981 0.948 0.991
Right lower lobe 0.98 0.962 0.989
Left upper lobe 0.998 0.996 0.999
Left lower lobe 0.984 0.971 0.991

ICC; Intra-class correlation coefficient, P <0.05
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Next, we assessed Aview and CIP's agreement in MLD measurements. The ICC values demonstrate
excellent agreement between the two software programs for the whole lung, right lung, left lung, right
upper, lower lobes and left upper and lower lobes and range between 0.995 and 0.98 (Table 7.6). The
mean difference of the MLD was reasonable with a difference between 1.8 and 7.6 HU; MLD
difference of < 10 HU is considered acceptable [292]. However, the LOAs were too wide for all
measurements, with the widest seen in the right middle lobe and right lower lobe with upper LOA
values of 24.8 and 34.5 HU, respectively. While the lower LOAs for the same lobes were -9.4 and -

30 HU, respectively (Figure 7.19-7.26).

Table 7.6 Intra-class correlation coefficient between Aview and CIP in mean lung density (95% CI)

ICC Lower bond Upper bond
Whole lung 0.992 0.979 0.996
Right lung 0.991 0.977 0.996
Left lung 0.993 0.982 0.996
Right upper lobe 0.995 0.989 0.997
Right middle lobe 0.975 0.863 0.991
Right lower lobe 0.977 0.959 0.987
Left upper lobe 0.995 0.982 0.998
Left lower lobe 0.98 0.965 0.989

ICC; Intra-class correlation coefficient, P <0.05
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Lastly, we have investigated the agreement between Aview and CIP in measuring lung and lobar
volumes (L). The ICC showed excellent agreement between the two in measuring the volume of the
whole, right and left lung (ICC = 1.0). Similarly for the right lower lobe, left upper lobe and left lower
lobe, the two software programs exhibited excellent agreement (ICC = 0.97, 0.969, and 0.977,
respectively). However, for the right upper and middle lobes, there was good agreement between the
two (ICC = 0.886 and 0.846, respectively) (Table 7.7). The Bland Altman plots present reasonable
mean difference between the two software programs in the whole lung, right and left lungs, and right
middle lobe with a mean difference between 0.00 and 0.01 (L). A difference of <0.05 (L) is considered
clinically acceptable [267]. However, the mean difference between the two in the right upper lobe
was larger than the acceptable difference with a value of 0.06 (L). The LOAs are relatively wide, with
multiple points lying outside for all measurements, and ranged from 0.03 to 0.2 (L) (Figure 7.27-

7.34).

Table 7.7 Intra-class correlation coefficient between Aview and CIP in lung volume (95% CI)

ICC Lower bond Upper bond
Whole lung 1.0 0.999 1.0
Right lung 1.0 0.999 1.0
Left lung 1.0 0.999 1.0
Right upper lobe 0.886 0.791 0.937
Right middle lobe 0.846 0.726 0913
Right lower lobe 0.97 0.917 0.986
Left upper lobe 0.969 0.945 0.983
Left lower lobe 0.977 0.959 0.987

ICC; Intra-class correlation coefficient, P <0.05
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Figure 7.32 Agreement between Aview and CIP software programs for right lower lobe volume
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7.4 Discussion

In large-scale studies, considerable efforts have been performed to minimize the variability of QCT
so that it can be used as a biomarker for emphysema, one of which is the standardisation of CT scan
parameters [367]. Nevertheless, with the rapid development of emerging technologies and the
innovations of a variety of software programs, some of which require manual or semi-automated
analysis while others are based on Al using different algorithms, the assessment of reproducibility of

CT measurements among these programs is fundamental.

In the present study, we successfully analysed 95% and 82% of the CT scans using CIP and Aview,
respectively, which is much higher than 43% of analysed CT scans achieved by previous research
[278]. This study assessed the agreement between Al-based software that provides fully automated
quantification of emphysema and CIP extension that allows for semi-automated quantification of
emphysema on the whole lung and each lobe using unenhanced thoracic CT scans. The main finding
of this study is that the inter-software agreement is excellent in all measurements. The intra-software
reproducibility of %LAA-950 is excellent, and the mean differences (mean bias) and LOAs of whole
lung and lobar measurements between the two software programs are minimal. Although we noted
differences in some of the lobar volume segmentation, as shown in the Bland Altman plots, the high
reproducibility of %LAA-950 among the two software programs is clear. These results are consistent
with those observed by Kirby et al., who found that %LAA-950 was highly reproducible among eight
different software programs even with the variation noted in lung volume segmentation [368]. In
addition, the inter-software mean difference of %LAA-950 of the whole lung is smaller than those
reported in previous studies which assessed the mean difference of %LAA-950 of the whole lung
between eight different software programs [368], four software programs [369] and between three

software programs [278].
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In this research, we found good agreement and reasonable mean difference between the two programs
in 15PD measurements for the whole lung and each lobe. The mean bias of whole lung PDI15
measured in our results is smaller than in previous reports [368, 369]. In addition, the 95% upper and
lower LOAs were reasonably narrow and less than 2 HU for the whole lung, right, and left lungs. In
contrast, the LOAs of the lobar measurements of PD15 were slightly wider than the reasonable

difference.

Similarly, the inter-software agreement in MLD and lung volume measurements is excellent. Despite
the relatively small mean differences between these two programs, there are quite broad LOAs in
both whole lungs and lung lobes. The variability between different software programs in MLD and

lung volume has been reported previously [278].

A recent similar study by Kirby et al. examined eight commercial and academic software programs
measuring whole lung volume, %LAA-950 and 15" Percentile of the whole lung in 50 patients with
COPD [368]. They found relatively large variability between the eight software programs. In our
results, the two software programs have shown reproducible quantifications of whole lung
densitometry measurements except for the whole lung volume, which has a minor mean difference
but slightly wider upper LOAs. This can be explained by the variation of the lobar volume
segmentation by the Al software that requires manual correction, as has been noticed by the observer.
The Al-based software produced a notification stating that the segmentation accuracy was
suboptimal. Furthermore, studies performed in the past have mainly examined the reproducibility of
different software programs in whole lung densitometry measurements, while variations in lobar

measurements have not been examined in more detail as in the present study [368, 369].

According to Wielpiitz et al., there is a possibility that the errors in CT quantification of emphysema

are caused by the different algorithms that were employed in the software programs, airway
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segmentation errors, and segmentation leakage; any of these factors could have contributed to

inaccurate estimates of lung and lobar volumes [278].

It was not surprising to observe that the major sources of errors were in the right upper and middle
lobes due to the horizontal fissure. Although several studies preferred fully automated quantification
of emphysema parameters on CT scans due to its time efficiency, which is essential in clinical
practice, it may not be completely reliable and improvements are still needed, imposing caution and

a recognition of its limitations in clinical applications.

7.5 Limitations and Future research

This study was able to determine the agreement between Al-based software and semi-automated
software in lung volume and density measurements. The main finding is that the intra-software
variability is negligible in %LAA-950 quantifications. The retrospective nature of this study,
however, results in a number of limitations. The sample size in this study is one of its limitations,
although similar studies investigating inter-software reproducibility employed a similar number of
observations [278, 368-370]. Moreover, we have not interfered with the automatic segmentation by
manually adjusting the automatic lobar segmentation. We aimed, however, to assess the
reproducibility of both software programs with an emphasis on standardising the measurement of the
automatic CT lung volume and density. The Al-based software and other image analysis software
should be evaluated to assess reproducibility using different acquisition parameters of CT scans and
different manufacturer CT scanners. It is also necessary to assess the repeatability of these software

programs over the long term in order to ensure the accuracy of the measurements.
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Chapter 8. Overall Conclusions, General Discussions and Future

Directions

8.1 Overall conclusions

Overall, the primary objectives of this thesis were:

e To investigate patients’ HRQOL trajectories after lung cancer surgery and explore the
association between patients’ baseline demographic and perioperative factors with
postoperative HRQOL.

e To evaluate the relationship between QCT measurements of lung density and postoperative
HRQOL.

e To assess the relationship between sarcopenia and postoperative HRQOL.

e To compare fully automated Al-based software and semi-automated software programs in

emphysema quantification.

Chapter 4: This study found that neither global health nor dyspnoea assessed by PRO returned to
baseline levels six months following lung cancer surgery. Long-term consequences of lung cancer
surgery are illustrated by the persistence of dyspnoea and the decline of patients’ global health.
Furthermore, the study revealed that baseline dyspnoea is strongly predictive of postoperative
dyspnoea, even when controlling for baseline and perioperative factors. Similarly, baseline global
health was an excellent predictor of postoperative global health. In light of these findings, it may be
possible to use dyspnoea and global health scores prior to surgery to predict the future recovery of

breathing and global health in lung cancer patients after surgery.
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Chapter 5: This study demonstrated that %LAA-950, measured on unenhanced CT scans, is a
valuable predictor of postoperative HRQOL, including dyspnoea and global health. Thus, %LAA-
950 can serve as a valuable indicator for evaluating the potential impact of lung cancer surgery on
QoL for patients with lung cancer. In contrast, %LAA-910 emerged as a weaker predictor for
postoperative dyspnoea and was not found to be a reliable predictor for postoperative global health.
%LAA-950 from contrast-enhanced CT scans is not comparable with unenhanced CT scans and,
therefore, cannot be used to assess emphysema. These results confirm that alterations in CT density
caused by contrast agents and differences in CT scanners and settings, among other factors, may

impact the accuracy of emphysema quantification.

Chapter 6: The study results showed no statistically significant differences in muscle mass and
sarcopenia between patients with increased and decreased dyspnoea based on computed tomography.
Based on this finding, it is suggested that sarcopenia and muscle mass are not directly linked to the
severity of dyspnoea after lung cancer surgery. Though the observations are not statistically
significant, it appears that individuals who suffer from dyspnoea after surgery have more sarcopenic
skeletal muscles at baseline. Considering this trend, it is reasonable to conclude that there may be a
relationship between sarcopenia and dyspnoea, which warrants more investigation in greater detail.
Moreover, we found no significant difference in sarcopenia between patients with recovered and
declining global health. Lastly, the study showed significant correlations between lung function
parameters (FEV; and FVC) and muscle mass. This correlation highlights the interaction between
respiratory function and musculature, suggesting taking into account both aspects in assessing and

treating patients.
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Chapter 7: It was found that %LAA-950 was highly reproducible across Al-based and semi-
automated software programs. There is a small mean bias and narrow 95% upper and lower LOAs in
both methods, suggesting a strong consistency in measurements of emphysema. It was found that the
two types of software had excellent agreement when measuring whole lung volume, PD15 and MLD.
For lobar measurements, however, there was less agreement between the two software programs.
There is a discrepancy between these two measurements, which may result from the limitations of
present algorithms for measuring lung density and volume at the lobar level. Extended research in
this area is necessary to guide the future development of software for the quantification of

emphysema, aiming to improve accuracy and reliability in the lobar analysis.

8.2 General discussion

8.2.1 Patients reported outcomes in predicting postoperative quality of life

In recent years, there has been a continuing academic interest in applying PRO across various cancer
types worldwide. The questionnaire response rate in our study was 75%, which is considered a good
response rate considering the large cohort compared to previous research that collected smaller
sample sizes. In our study, we assessed 906 patients with lung cancer surgery, and nearly half of these
patients underwent thoracotomy. In contrast, similar research investigated only 95 lung cancer
patients with minimally invasive surgery and acquired only 72% questionnaire completion rate [106].

Therefore, the contribution of this study may extend the body of knowledge in this field.

This thesis presents evidence illustrating that patients experienced significant declines in several
HRQOL domains immediately after lung cancer surgery. Most of these domains had recovered at six

months; however, dyspnoea and global health had not recovered. Similarly, the EORTC QLQ-LC13
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trajectories confirmed our findings for QLQ-C30 symptoms and indicated that surgery had a
detrimental effect on dyspnoea at six months, with no improvement found. Moreover, our results
revealed that nearly 50% of the respondents suffered from worsening in their global health and

dyspnoea at six months following lung cancer surgery.

In light of the results of these trajectories, this prospective longitudinal study aimed to explore the
factors associated with postoperative dyspnoea and global health at six months, with around 673
patients completing the PRO involved in the analyses. In this study, patients’ baseline PRO remained
a significant predictor of postoperative HRQOL even after adjusting for baseline demographic and
clinical factors. In other words, patients with high baseline dyspnoea or poor baseline global health
are more likely to experience worsened postoperative dyspnoea or global health. Moreover, we
revealed that patients’ lung function measures were not significantly associated with postoperative
dyspnoea or global health, except for %DLCO and PpoDLCO. Thus, lung function volumes alone
should no longer determine a patient's risk for postoperative dyspnoea or global health after lung

cancer surgery.

Furthermore, the current result highlighted that overweight and obese patients might experience
impaired postoperative HRQOL, including dyspnoea and global health, after lung cancer surgery.
However, there were no patients in this study with low BMI, which has been associated with adverse
health outcomes in previous reports. Additionally, we have shown preoperative smoking has been
shown to impact postoperative dyspnoea and global health. Moreover, as measured by ECOG, poor
patient performance was significantly associated with impaired patient HRQOL. As a consequence
of these results, it is suggested that patients' BMI be considered when counselling the patients
regarding their breathlessness after lung cancer surgery. Surgical patients should be encouraged to
participate in lung rehabilitation and smoking cessation programs before undergoing surgery for lung

cancer. This study found that patients with prolonged hospitalisation may suffer more deterioration
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to their global health and increased dyspnoea. Lastly, this study revealed that chemotherapy was
significantly associated with postoperative global health but not dyspnoea. Overall, the current
finding highlights the importance of using PRO and other clinical data in assessing patients' suitability

for lung cancer surgery.

8.2.2 Quantitative computed tomography of emphysema in predicting postoperative quality of
life

While medical research has made significant progress, there is still an insufficient understanding of
how lung disease affects patients with lung cancer after lung cancer surgery, particularly dyspnoea
and global health. Since CT scans are commonly used to stage lung cancer, utilising the additional
information obtained from these readily available scans offers a valuable opportunity for improving
clinical knowledge. In addition, lung cancer screening programs designed to enhance early detection
are expected to improve survival rates significantly [10]. As a result, patients' HRQOL may become

an increasingly important concern in their treatment journey.

Our study demonstrated that preoperative QCT of %LAA-950 could be a non-invasive biomarker for
postoperative dyspnoea and global health after lung cancer resection. Despite the initial intention of
evaluating contrast-enhanced CT scans using several thresholds of CT emphysema, the effectiveness
of these scans in predicting postoperative HRQOL was not comparable to that of non-enhanced CT
scans. We noted that the extent of emphysema density on CT scans nonuniformly enhanced among
the patients, which multiple factors may explain. Aside from the administration of contrast agents,
the type and settings of the CT scanners, the depth at which the patient breathes, as well as smoking

history all play vital roles in influencing the density of emphysema. Consequently, determining a
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correction factor was difficult without simultaneously performing several paired contrast-enhanced

and unenhanced CT scans while maintaining other variables as constant as possible.

This study showed that %LAA-950 effectively predicted postoperative dyspnoea and global health,
remaining a strong predictor even after controlling for baseline demographic and clinical factors. As
has been revealed previously, patients with a higher %LAA-950 at baseline may have higher

probabilities of increased dyspnoea and worsened global health after lung surgery.

Additionally, our results confirmed previous studies that %LAA-910 has a weaker relationship with
dyspnoea than %LAA-950 [203]. In the present study, %LAA-910 was not consistently effective for
predicting postoperative dyspnoea, especially when adjusted for the PRO dyspnoea domain.

Moreover, the current study found that %LAA-910 could not predict postoperative global health.

Lastly, we have compared contrast-enhanced and unenhanced CT and reported the significant
differences between the two techniques in %LAA-950 and -910 quantification. Therefore, this thesis
confirms previous recommendations of employing unenhanced CT scans for emphysema

quantification, emphasising utilising %LAA-950.

8.2.3 Investigating the impact of CT-measured sarcopenia on the quality of life after lung
cancer surgery

The primary objective of this study was to explore the relationship between CT-based body
composition and HRQOL after lung cancer surgery. This study measured four types of muscles on
thoracic and abdominal CT scans, including PM and ESM on thoracic CT scans and PSM and SM on
abdominal CT scans. The author considered it essential to involve various muscle types to fully assess

these muscles, considering that not all patients undergo abdominal CT scans.
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We found that muscle mass or sarcopenia did not significantly affect patients' HRQOL. Nevertheless,
we observed that individuals with higher levels of dyspnoea tend to have more sarcopenic muscles.
Additionally, there was no difference in sarcopenia for those with recovered vs. deteriorated global

health. Though the results of this study did not reach statistical significance.

This can be attributed to several factors, including measuring muscle mass, which does not always
reflect its functional state, so the relationship between these two measures might be weak. The
EWGSOP2 has updated its algorithm for diagnosing sarcopenia, recommending muscle strength as
the first step in the initial assessment of the condition. When muscle strength is determined to be
insufficient, additional confirmation must be obtained through analysis of quality and quantity of

muscle on medical imaging [73].

In order to illustrate this, two athletes can be compared: a bodybuilder and a marathon runner. The
typical bodybuilder has large muscles built through weightlifting for muscle hypertrophy. It can be
concluded that this individual has large muscle mass, which indicates strength and power. However,
it is vital to note that bodybuilders do not necessarily possess high functional muscle strength for all
activity types. The muscle mass of a marathon runner may appear less visible than a bodybuilder's.
While marathon runners possess lower muscle mass, they have a high level of muscular strength,

which allows them to perform long-distance activities efficiently [374].

Another possible factor is that measuring muscle mass at a single time point may not reflect the level
of muscularity of the patients. It might be more helpful to measure longitudinal skeletal muscle loss

to understand the severity of sarcopenia in patients better.

It is vital to consider that muscle quality, instead of muscle mass, maybe a more accurate indicator in

this study. Due to the use of contrast agents in the scans, it was not feasible to evaluate muscle quality
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typically estimated by muscle density. Given this limitation, a comprehensive investigation of the

muscle quality may have provided a deeper understanding of the association.

While investigating the relationship between muscle mass and lung function was not one of the
primary objectives of this study, the author was interested in a better understanding of these
relationships as the cohorts being examined are lung cancer patients who are primarily assessed for
their risk based on their lung function; therefore, a better understanding of these relationships is of
value. The result of this exploratory analysis highlighted a significant correlation between FEV; and
FVC with muscle mass. On the other hand, there was no meaningful relationship between FEV/FVC
and muscle mass. This perhaps can be attributed to the fact that the FEV1/FVC ratio represents the

obstruction of the upper airway that may not be affected by sarcopenia [352].

8.2.4 An investigation of the agreement between Al-based software and semi-automated
software in quantification of emphysema on CT

We live in the Fourth Industrial Revolution, and there has been a significant increase in the use of Al
in the last decade, which has influenced how diagnoses are made [259]. In this study, Al-based
software and semi-automated software were evaluated for CT quantification of emphysema. As a key
finding, %LAA-950 was highly reproducible, and there was excellent agreement between the two
software programs. While the Bland Altman plots revealed differences in some lobar volume

segmentation, %LAA-950 is highly reproducible between the two software programs.

While AI promises automation, time efficiency, and accuracy, our study found inaccuracies when it
comes to segmenting the lobar lungs with Al-based software. While image analysis has progressed
significantly through Al software, its ability to segment lobar lung regions remains limited, requiring

manual intervention by professionals. The author deliberately refrained from intervening in its image
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analysis process to gain a more in-depth understanding of the Al's inherent accuracy and capabilities.
Notably, these findings are particularly relevant to the expanding use of imaging for diagnosing and
treating lung diseases, in which accurate lung segmentation plays a vital role. There are many reasons
lobar volume segmentation on CT was inaccurate, including using different algorithms in the analysis
software, errors in segmentation of the airways, and segmentation leakage. These elements might

have contributed to the erroneous estimation of lung and lobar volumes [278].

Even though accurate and repeatable measurements of lobar volume and density on CT scans are
essential, research tends to focus primarily on the reproducibility of whole lung measurements.
Consequently, a critical gap exists in understanding lobar CT quantification's reproducibility, which
is crucial in investigating lung diseases. In our study, we have excellent agreement, small bias, and

narrow 95% upper and lower LOAs for whole lung CT quantification of volume and density metrics.

In addition, we revealed that the mean bias of PD15 and MLD was relatively small in all
measurements; however, 95% upper and lower LOAs for the lobar analyses were somewhat wider
than reasonable differences. A significant source of errors was observed in the right upper and middle
lobes, mainly due to the horizontal fissure. Despite that, many studies have emphasised the
advantages of fully automated quantification of emphysema parameters on CT scans in terms of its
time efficiency - an important factor in clinical practice - and the accuracy of these tools. While Al-
based CT image analysis is advancing rapidly, significant development and training remain required.
Currently, the accuracy of the assessed Al software is not optimal, highlighting the need for continued
research and development. Future studies are warranted to improve the precision and reliability of

these software programs, assuring they meet the standards required for clinical application.
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8.3 Clinical implications

8.3.1 Utilising PRO in evaluating patients’ risk

This research has demonstrated that baseline HRQOL predicts postoperative dyspnoea and global
health in lung cancer surgery patients. We have shown that longitudinal PRO collection in lung cancer
patients with surgery is feasible. Moreover, PRO can assist in preoperative counselling, tailoring the
patient's plan, and providing the patient with an expectation of what their HRQOL might be post-
surgery. The current study found that every 1 unit increase in baseline dyspnoea is associated with
207% greater risk for higher levels of dyspnoea compared to those with score 0. In addition, patients
with 10 units higher baseline global health are more likely to experience a 5 units improvement in the
postoperative global health compared to those with lower baseline scores. Hence, patients with higher
baseline dyspnoea and poorer global health may require more monitoring after surgery; customised
pulmonary rehabilitation programs may address the effects of long-term dyspnoea increase and poor

HRQOL following surgery.

8.3.2 Using QCT of emphysema in patients’ risk assessment

In this study, we have revealed that preoperative QCT of emphysema can predict postoperative
dyspnoea and global health. Every 1 unit increase in %LAA-950 is associated with 20% greater risk
to experience the highest level of dyspnoea. Considering that CT scans are readily available through
routine clinical investigations, researchers and clinicians may find using this non-invasive biomarker
appealing. By integrating PRO and QCT measures of emphysema into clinical practice, significant
clinical implications could be achieved, involving comprehensive patient assessment, improving

treatment planning and monitoring, all of which contribute to enhanced patient outcomes and care.
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8.3.3 QCT body composition: Potential clinical implications

In the present study, we have compared sarcopenia in patients with improved or deteriorated HRQOL.
There was a noticeable pattern in the results despite the lack of statistical significance; patients who
demonstrated lower HRQOL following lung cancer surgery were more likely to have sarcopenia.
Thus, patients with sarcopenia may experience poorer recovery outcomes following surgery.
Consequently, this underscores the importance of assessing muscle mass before surgery during a
comprehensive evaluation of patients with lung cancer. The study emphasised the potential benefits
of targeted interventions aimed at improving muscle mass prior to surgery, such as nutritional support
or physiotherapy. The potential benefits of this proactive approach include enhanced postoperative
recovery and improved HRQOL overall. Future research should involve larger sample sizes and
longitudinal studies to explore this relationship in greater detail and validate these preliminary

observations.

8.3.4 Utilising Al-based tools for the quantification of CT emphysema in clinical settings

The disagreement detected in this study between Al-based software and semi-automated lobar
quantification of emphysema, mainly due to Al software's imprecise segmentation of the lobes, has
important clinical implications. First, the results pointed out the need for careful integration of Al
tools in this area. This study suggests that some Al tools may lack the accuracy to make complex
clinical decisions for patients with emphysema despite their promise of being fully automated and
efficacious and reducing workloads for healthcare professionals. This segmentation error may result
in inaccurate assessments, which in turn may negatively affect treatment planning and patient
outcomes. Consequently, rigorous clinical validation of Al tools is essential before they are widely

implemented in healthcare facilities.

288



8.4 Limitations

In the relevant chapters, we discussed the limitations of the methods employed in the individual
studies. As with most previous studies, compared to the baseline number of responses, this study has
imposed some limitations, one of which is a decrease in the number of PRO responses. However, the
strength of this study is the large sample size employed in the analyses and the investigation of several
baseline demographic and perioperative factors that can add information to the knowledge gap. The
dose and number of cycles of adjuvant chemotherapy some patients received may also negatively
impact their QoL. Yet, we investigated the impact of chemotherapy on patients’ QoL in this study.
The main limitation in the assessment QCT of emphysema is the selection bias, which was
unavoidable due to its retrospective nature. The small sample size of this study is due to the limited
number of unenhanced CT scans available for the study. Another limitation is the variety of the CT
scanner manufacturers, acquisition protocols, and settings. For CT body composition study, as a first
point, the small sample size due to the retrospective nature may limit the generalisability of this study.
The attenuation of the muscle, which reflects the muscle quality, was not assessed due to the use of
contrast-enhanced CT scans that may affect the measurement of the muscle density and produce
inaccurate results. Additionally, the limitation of our study is that it involved only intra-observer
agreement and did not extend to assessing inter-observer agreement. Still, the study did evaluate the
agreement between our semi-automated analyses and those analysed by fully automated Al-based
software. Besides, the study could not examine the change in skeletal muscles over time, which might
be a more accurate indicator of the outcome of postoperative surgery. Lastly, the small sample size in
the last study was the main limitation. Yet, several studies investigating the reproducibility of different

software measurements employed similar sample sizes.
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8.5 Future directions

During the first study, we evaluated the HRQOL of patients following lung cancer surgery over six
months. In the future, it is imperative that this research be extended to monitor HRQOL for a longer
time. The study will allow for a better understanding of the long-term effects of lung cancer surgery
on the HRQOL of the patients. Future research on the compliance of patients with PRO measures is
clearly required. In longitudinal studies, it is imperative to identify the factors responsible for the
observed decline in response rates. By gaining such insights, we will not only enhance the reliability
of PRO data but also enhance the engagement of patients and ensure that their responses are consistent
during future HRQOL assessments. Additionally, future research will employ propensity score
matching analyses to compare QoL between patients undergoing lobectomy and those undergoing

wedge resection, to gain a deeper understanding of the surgery's impact on HRQOL.

In routine examinations for lung cancer patients, contrast-enhanced CT scans are mainly used. Among
the key areas of focus will be the development of corrective factors to account for variations in lung
density induced by contrast administration in order to enhance the accuracy and reliability of these
assessments. It is also relevant and valuable to explore the potential benefits of QCT scans from PET
in predicting postoperative HRQOL, given that PET CT scans are routinely incorporated into clinical
investigations for lung cancer patients. The sample size of this study was limited. Ideally, future
research should be conducted with a larger cohort to enhance the findings' robustness and

generalisability.

In body composition research, there is a critical need for additional studies focused on examining
malnutrition and weight loss to understand better how these factors affect patient outcomes and
HRQOL. Longitudinal research is vital to a better understanding of sarcopenia progression after lung

cancer surgery and its impact on HRQL and other clinical outcomes.
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Lastly, it is essential to evaluate the repeatability of the software programs utilised for emphysema
quantification over the long term to ensure the accuracy of the measurements and assess the Al-based

software on diverse datasets to ensure its reliability.

291



References

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

Leiter, A., R.R. Veluswamy, and J.P. Wisnivesky, The global burden of lung cancer: current status and
future trends. Nature Reviews Clinical Oncology, 2023. 20(9): p. 624-639.

UK National Screening Committee. Targeted screening for lung cancer in individuals at increased risk.
2022; Available from: https://view-health-screening-
recommendations.service.gov.uk/document/585/download.

National Lung Cancer Audit. State of the Nation Report 2023. 2023; Available from:
https://www.lungcanceraudit.org.uk/content/uploads/2023/04/NLCA-State-of-the-Nation-2023-
Version-3-November-2023-1.pdf.

Turner, M.C,, et al., Chronic obstructive pulmonary disease is associated with lung cancer mortality in
a prospective study of never smokers. American journal of respiratory and critical care medicine,
2007.176(3): p. 285-290.

Trueman, D., Woodcock, F., & Hancock, E. Estimating the economic burden of respiratory illness in the
UK. British Lung Foundation 2017.

National Lung Cancer Audit. Lung cancer clinical outcomes publication. 2021; Available from:
https://nlca.rcp.ac.uk/content/misc/LCCOP%202021(2018).pdf.

Averill, R.F., et al., Redesigning the Medicare inpatient PPS to reduce payments to hospitals with high
readmission rates. Health Care Financing Review, 2009. 30(4): p. 1.

Lin, C.-F., et al., Health-related quality of life measured by EQ-5D in relation to hospital stay and
readmission in elderly patients hospitalized for acute illness. International Journal of Environmental
Research and Public Health, 2020. 17(15): p. 5333.

Vamosi, M., et al., Patient-reported outcomes predict high readmission rates among patients with
cardiac diagnoses. Findings from the DenHeart study. International journal of cardiology, 2020. 300:
p. 268-275.

Yip, R., et al., A review of quality of life measures used in surgical outcomes for stage | lung cancers.
Cancer investigation, 2018. 36(5): p. 296-308.

Win, T., et al., Effect of lung cancer surgery on quality of life. Thorax, 2005. 60(3): p. 234-238.

Cykert, S., Risk acceptance and risk aversion: patients' perspectives on lung surgery. Thoracic surgery
clinics, 2004. 14(3): p. 287-293.

Lim, E., et al., Guidelines on the radical management of patients with lung cancer. Thorax, 2010.
65(Suppl 3): p. iiil-iii27.

Poghosyan, H., et al., Health-related quality of life after surgical treatment in patients with non-small
cell lung cancer: a systematic review. Lung cancer, 2013. 81(1): p. 11-26.

Bruera, E., et al., The frequency and correlates of dyspnea in patients with advanced cancer. Journal
of pain and symptom management, 2000. 19(5): p. 357-362.

Party., B.T.S5.5.0.C.5.0.G.B.I.W., Guidelines on the selection of patients with lung cancer for surgery.
Thorax, 2001. 56(2): p. 89-108.

Markos, J., et al., Preoperative assessment as a predictor of mortality and morbidity after lung
resection1, 2. Am Rev Respir Dis, 1989. 139: p. 902-10.

Brunelli, A. and G. Rocco, Spirometry: predicting risk and outcome. Thoracic Surgery Clinics, 2008.
18(1): p. 1-8.

Brunelli, A., et al., Predicted versus observed FEV1 and DLCO after major lung resection: a prospective
evaluation at different postoperative periods. The Annals of thoracic surgery, 2007. 83(3): p. 1134-
1139.

Olsen, G.N., A.J. Block, and J.A. Tobias, Prediction of postpneumonectomy pulmonary function using
quantitative macroaggregate lung scanning. Chest, 1974. 66(1): p. 13-16.

292


https://view-health-screening-recommendations.service.gov.uk/document/585/download
https://view-health-screening-recommendations.service.gov.uk/document/585/download
https://www.lungcanceraudit.org.uk/content/uploads/2023/04/NLCA-State-of-the-Nation-2023-Version-3-November-2023-1.pdf
https://www.lungcanceraudit.org.uk/content/uploads/2023/04/NLCA-State-of-the-Nation-2023-Version-3-November-2023-1.pdf
https://nlca.rcp.ac.uk/content/misc/LCCOP%202021(2018).pdf

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Brocki, B.C., et al., Decrease in pulmonary function and oxygenation after lung resection. ERJ open
research, 2018. 4(1).

Westwood, M., et al., Relationship between FEV 1 change and patient-reported outcomes in
randomised trials of inhaled bronchodilators for stable COPD: a systematic review. Respiratory
research, 2011. 12: p. 1-9.

Donald, A.R., et al., Spirometry and dyspnea in patients with COPD. Chest, 1996. 109(5): p. 1163-1168.
Wolkove, N., et al., The relationship between pulmonary function and dyspnea in obstructive lung
disease. Chest, 1989. 96(6): p. 1247-1251.

Bousamra I, M., et al., Early and late morbidity in patients undergoing pulmonary resection with low
diffusion capacity. The Annals of thoracic surgery, 1996. 62(4): p. 968-975.

Foroulis, C.N., A.G. Lioulias, and C. Papakonstantinou, Simple laboratory parameters which can
determine the clinical state of patients after pneumonectomy for lung cancer. Journal of Thoracic
Oncology, 2009. 4(1): p. 55-61.

Brunelli, A., et al., Quality of life before and after major lung resection for lung cancer: a prospective
follow-up analysis. The Annals of thoracic surgery, 2007. 84(2): p. 410-416.

llonen, LK., et al., Quality of life following lobectomy or bilobectomy for non-small cell lung cancer, a
two-year prospective follow-up study. Lung Cancer, 2010. 70(3): p. 347-351.

Cooper, B.G,, et al., The Global Lung Function Initiative (GLI) Network: bringing the world’s respiratory
reference values together. Breathe, 2017. 13(3): p. e56-e64.

Miller, M.R., et al., Standardisation of spirometry. European Respiratory Journal, 2005. 26(2): p. 319-
338.

Stanojevic, S., et al., Official ERS technical standards: Global Lung Function Initiative reference values
for the carbon monoxide transfer factor for Caucasians. European Respiratory Journal, 2017. 50(3).
Graham, B.L,, et al., 2017 ERS/ATS standards for single-breath carbon monoxide uptake in the lung.
European Respiratory Journal, 2017. 49(1).

Vogelmeier, C.F,, et al., Global Strategy for the Diagnosis, Management, and Prevention of Chronic
Obstructive Lung Disease 2017 Report. GOLD Executive Summary. Am J Respir Crit Care Med, 2017.
195(5): p. 557-582.

Yawn, B.P., Is '‘GOLD' standard for the management of COPD in clinical practice? Drugs Context, 2012.
2012: p. 212243.

World Health Organization. Chronic respiratory diseases. 2011 [cited 2020 February 4]; Available
from: who.int/respiratory/copd/en/

Seijo, L.M. and J.J. Zulueta, Understanding the Links Between Lung Cancer, COPD, and Emphysema: A
Key to More Effective Treatment and Screening. Oncology (Williston Park, NY), 2017. 31(2): p. 93-102.
The definition of emphysema. Report of a National Heart, Lung, and Blood Institute, Division of Lung
Diseases workshop. Am Rev Respir Dis, 1985. 132(1): p. 182-5.

Pahal, P, Avula, A, & Sharma, S. . Emphysema. 2023; Available from:
https://www.ncbi.nlm.nih.gov/books/NBK482217/.

Leopold, J. and J. Gough, The centrilobular form of hypertrophic emphysema and its relation to chronic
bronchitis. Thorax, 1957. 12(3): p. 219.

Mitchell, R.S., et al., Are centrilobular emphysema and panlobular emphysema two different
diseases? Human Pathology, 1970. 1(3): p. 433-441.

Tanabe, N., et al., Pathological comparisons of paraseptal and centrilobular emphysema in chronic
obstructive pulmonary disease. American Journal of Respiratory and Critical Care Medicine, 2020.
202(6): p. 803-811.

Heard, B.E., A pathological study of emphysema of the lungs with chronic bronchitis. Thorax, 1958.
13(2): p. 136.

Global Initiative for Chronic Obstructive Lung Disease. 2017 [cited 2020 January 29]; Available from:
https://goldcopd.org/wp-content/uploads/2016/12/wms-GOLD-2017-Pocket-Guide.pdf.

293


https://www.ncbi.nlm.nih.gov/books/NBK482217/
https://goldcopd.org/wp-content/uploads/2016/12/wms-GOLD-2017-Pocket-Guide.pdf

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Buist, A.S., et al., International variation in the prevalence of COPD (the BOLD Study): a population-
based prevalence study. The Lancet, 2007. 370(9589): p. 741-750.

Jones, PW., Health status and the spiral of decline. COPD: Journal of Chronic Obstructive Pulmonary
Disease, 2009. 6(1): p. 59-63.

Han, M.K., et al., GOLD 2011 disease severity classification in COPDGene: a prospective cohort study.
The lancet Respiratory medicine, 2013. 1(1): p. 43-50.

Sundh, J., et al., The Dyspnoea, Obstruction, Smoking, Exacerbation (DOSE) index is predictive of
mortality in COPD. Prim Care Respir J, 2012. 21(3): p. 295-301.

K Nishimura, e.a., Dyspnea is a better predictor of 5-year survival than airway obstruction in patients
with COPD. Chest, 2002. 121(5): p. 1434-1440.

Jones, PW.,, et al., Development and first validation of the COPD Assessment Test. Eur Respir J, 2009.
34(3): p. 648-54.

Tu, Y-H., Y. Zhang, and G.-H. Fei, Utility of the CAT in the therapy assessment of COPD exacerbations
in China. BMC pulmonary medicine, 2014. 14: p. 1-8.

Hwang, Y.I., et al., A validation study for the Korean version of chronic obstructive pulmonary disease
assessment test (CAT). Tuberculosis and respiratory diseases, 2013. 74(6): p. 256-263.

Young, R.P,, et al., COPD prevalence is increased in lung cancer, independent of age, sex and smoking
history. European Respiratory Journal, 2009. 34(2): p. 380-386.

El-Zein, R.A., et al., Genetic predisposition to chronic obstructive pulmonary disease and/or lung
cancer: important considerations when evaluating risk. Cancer prevention research, 2012. 5(4): p.
522-527.

Kiri, V.A., et al., Recent trends in lung cancer and its association with COPD: an analysis using the UK
GP Research Database. Primary Care Respiratory Journal, 2010. 19(1): p. 57-61.

Tammemagi, C.M., et al., Impact of comorbidity on lung cancer survival. International journal of
cancer, 2003. 103(6): p. 792-802.

Zhai, R., et al., The impact of coexisting COPD on survival of patients with early-stage non-small cell
lung cancer undergoing surgical resection. Chest, 2014. 145(2): p. 346-353.

Ytterstad, E., P.C. Moe, and A. Hjalmarsen, COPD in primary lung cancer patients: prevalence and
mortality. International journal of chronic obstructive pulmonary disease, 2016: p. 625-636.
Rosenberg, |I.H., Sarcopenia: origins and clinical relevance. Clin Geriatr Med, 2011. 27(3): p. 337-9.
Cruz-Jentoft, A.J., et al., Sarcopenia: European consensus on definition and diagnosisReport of the
European Working Group on Sarcopenia in Older PeopleA. J. Cruz-Gentoft et al. Age and ageing, 2010.
39(4): p. 412-423.

Baracos, V.E., et al., Body composition in patients with non- small cell lung cancer: a contemporary
view of cancer cachexia with the use of computed tomography image analysis. The American journal
of clinical nutrition, 2010. 91(4): p. 11335-1137S.

Surov, A. and A. Wienke, Prevalence of sarcopenia in patients with solid tumors: A meta-analysis
based on 81,814 patients. Journal of Parenteral and Enteral Nutrition, 2022. 46(8): p. 1761-1768.
Yang, M., et al., Prognostic value of sarcopenia in lung cancer: a systematic review and meta-analysis.
Chest, 2019. 156(1): p. 101-111.

Kim, EY., et al., Prognostic significance of CT-determined sarcopenia in patients with small-cell lung
cancer. Journal of Thoracic Oncology, 2015. 10(12): p. 1795-1799.

Tsukioka, T., et al., Sarcopenia is a novel poor prognostic factor in male patients with pathological
Stage | non-small cell lung cancer. Japanese Journal of Clinical Oncology, 2017. 47(4): p. 363-368.
Rossi, S., et al., Does sarcopenia affect outcome in patients with non-small-cell lung cancer harboring
EGFR mutations? Future Oncology, 2018. 14(10): p. 919-926.

Suzuki, Y., et al., Clinical implications of sarcopenia in patients undergoing complete resection for early
non-small cell lung cancer. Lung cancer, 2016. 101: p. 92-97.

Deng, H.-Y,, et al., Does sarcopenia have any impact on survival of patients with surgically treated
non-small-cell lung cancer? Interactive cardiovascular and thoracic surgery, 2019. 29(1): p. 144-147.

294



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Nagata, M., et al., Effect of progressive sarcopenia during postoperative 6 months on long-term
prognosis of completely resected lung cancer. Journal of thoracic disease, 2019. 11(8): p. 3411.
Cinar, H.U., et al.,, Low thoracic muscle mass index on computed tomography predicts adverse
outcomes following lobectomy via thoracotomy for lung cancer. Interactive Cardiovascular and
Thoracic Surgery, 2021.

Fintelmann, F.J., et al., Thoracic skeletal muscle is associated with adverse outcomes after lobectomy
for lung cancer. The Annals of thoracic surgery, 2018. 105(5): p. 1507-1515.

Miller, J.A., et al., Sarcopenia is a predictor of outcomes after lobectomy. Journal of Thoracic Disease,
2018.10(1): p. 432-440.

Cruz-Jentoft, A., European working group on sarcopenia in older people: sarcopenia: European
consensus on definition and diagnosis. Report of the European workign group on sarcopenia in older
people. Age Ageing, 2010. 39: p. 412-423.

Cruz-Jentoft, A.J., et al., Sarcopenia: revised European consensus on definition and diagnosis. Age and
ageing, 2019. 48(1): p. 16-31.

Yip, C., et al., Imaging body composition in cancer patients: visceral obesity, sarcopenia and
sarcopenic obesity may impact on clinical outcome. Insights into Imaging, 2015. 6(4): p. 489-497.
Lukaski, H., Sarcopenia: Assessment of Muscle Mass. The Journal of nutrition, 1997. 127(5): p. 994S-
997S.

Fearon, K., et al., Definition and classification of cancer cachexia: an international consensus. The
Lancet Oncology, 2011. 12(5): p. 489-495.

Kinsey, C.M., et al., Lower Pectoralis Muscle Area Is Associated with a Worse Overall Survival in Non-
Small Cell Lung Cancer. Cancer Epidemiol Biomarkers Prev, 2017. 26(1): p. 38-43.

Bak, S.H., et al., Computed tomography-derived area and density of pectoralis muscle associated
disease severity and longitudinal changes in chronic obstructive pulmonary disease: a case control
study. Respir Res, 2019. 20(1): p. 226.

McDonald, M.L,, et al., Quantitative computed tomography measures of pectoralis muscle area and
disease severity in chronic obstructive pulmonary disease. A cross-sectional study. Ann Am Thorac
Soc, 2014. 11(3): p. 326-34.

Cogswell, R., et al., A Novel Model Incorporating Pectoralis Muscle Measures To Predict Mortality
After Ventricular Assist Device Implantation. ) Card Fail, 2019.

Guerri, R., et al., Mass of intercostal muscles associates with risk of multiple exacerbations in COPD.
Respir Med, 2010. 104(3): p. 378-88.

Barreiro Portela, E. and A. Jaitovich, Muscle atrophy in chronic obstructive pulmonary disease:
molecular basis and potential therapeutic targets. Journal of Thoracic Disease. 2018 May; 10 (Suppl
12): S1415-24, 2018.

Man, W.D.-C., et al., Skeletal muscle dysfunction in COPD: clinical and laboratory observations. Clinical
science, 2009. 117(7): p. 251-264.

Nagano, A., et al., Respiratory sarcopenia and sarcopenic respiratory disability: concepts, diagnosis,
and treatment. The journal of nutrition, health & aging, 2021. 25: p. 507-515.

Bye, A., et al., Muscle mass and association to quality of life in non-small cell lung cancer patients.
Journal of cachexia, sarcopenia and muscle, 2017. 8(5): p. 759-767.

Blauwhoff-Buskermolen, S., et al., The influence of different muscle mass measurements on the
diagnosis of cancer cachexia. Journal of cachexia, sarcopenia and muscle, 2017. 8(4): p. 615-622.
Daly, L.E., et al., Determinants of quality of life in patients with incurable cancer. Cancer, 2020.
126(12): p. 2872-2882.

Hanna, L., et al., Association between skeletal muscle mass and quality of life in adults with cancer: a
systematic review and meta-analysis. Journal of cachexia, sarcopenia and muscle, 2022. 13(2): p. 839-
857.

Ir, C.J., Some theories of the mechanisms of dyspnoea. Breathlessness. 1966, In Howell JBL, Campbell
EJM, eds.: Oxford: Blackwell Scientific.

295



90.
91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.
114.

Ogilvie, C., Dyspnoea. British Medical Journal (Clinical research ed.), 1983. 287(6386): p. 160.

Smith, E.L., et al., Dyspnea, anxiety, body consciousness, and quality of life in patients with lung
cancer. Journal of pain and symptom management, 2001. 21(4): p. 323-329.

Byrne, D.G., & Glenn, R.C., Behavioral Medicine: International Perspectives. 1st ed. 1991: Ablex
Publishing Corp.

Meriggi, F., Dyspnea in Cancer Patients: A Well-Known and Neglected Symptom. Rev Recent Clin Trials,
2018. 13(2): p. 84-88.

Dudgeon, D.J., et al., Dyspnea in cancer patients: prevalence and associated factors. Journal of pain
and symptom management, 2001. 21(2): p. 95-102.

Shin, J.A., et al., Dyspnea and panic among patients with newly diagnosed non-small cell lung cancer.
Journal of pain and symptom management, 2014. 48(3): p. 465-470.

Kathiresan, G., R.F. Clement, and M.T. Sankaranarayanan, Dyspnea in lung cancer patients: a
systematic review. Lung Cancer: Targets and Therapy, 2010: p. 141-150.

Yan, M., et al., Dyspnea in patients with stage IV non-small cell lung cancer: a population-based
analysis of disease burden and patterns of care. Journal of Thoracic Disease, 2023. 15(2): p. 494.
Dales, R.E., et al.,, Quality-of-life following thoracotomy for Ilung cancer. Journal of clinical
epidemiology, 1994. 47(12): p. 1443-1449.

Marini, C., et al., Dyspnoea and hypoxaemia after lung surgery: the role of interatrial right-to-left
shunt. Eur Respir J, 2006. 28(1): p. 174-81.

Hamberger, U. and H. Pichlmaier, Quality of life after surgical therapy of bronchogenic carcinoma. Eur
J Cardio-thorac Surg, 1996. 10: p. 233-237.

Balduyck, B., et al., Quality of life evolution after lung cancer surgery in septuagenarians: a
prospective study. European journal of cardio-thoracic surgery, 2009. 35(6): p. 1070-1075.

Balduyck, B., et al., Quality of life evolution after lung cancer surgery: a prospective study in 100
patients. Lung cancer, 2007. 56(3): p. 423-431.

Oksholm, T, et al., Trajectories of symptom occurrence and severity from before through five months
after lung cancer surgery. Journal of pain and symptom management, 2015. 49(6): p. 995-1015.
Kenny, P.M., et al., Quality of life and survival in the 2 years after surgery for non—small-cell lung
cancer. Journal of Clinical Oncology, 2008. 26(2): p. 233-241.

Fagundes, C.P, et al., Symptom recovery after thoracic surgery: Measuring patient-reported outcomes
with the MID Anderson Symptom Inventory. The Journal of Thoracic and Cardiovascular Surgery, 2015.
150(3): p. 613-619. e2.

Pompili, C., et al., Quality of life after VATS lung resection and SABR for early-stage non-small cell lung
cancer: a longitudinal study. Lung Cancer, 2021. 162: p. 71-78.

Lin, H.-H., et al., Factors related to quality of life after video-assisted thoracoscopic surgery in patients
with stage | adenocarcinoma lung cancer: A longitudinal study. European Journal of Oncology
Nursing, 2022. 61: p. 102225.

Borg, G., Perceived exertion as an indicator of somatic stress. Scandinavian journal of rehabilitation
medicine, 1970.

Ambrosino, N. and G. Scano, Measurement and treatment of dyspnoea. Respiratory medicine, 2001.
95(7): p. 539-547.

Bestall, J., et al., Usefulness of the Medical Research Council (MRC) dyspnoea scale as a measure of
disability in patients with chronic obstructive pulmonary disease. Thorax, 1999. 54(7): p. 581-586.
Wedzicha, J., et al., Randomized controlled trial of pulmonary rehabilitation in severe chronic
obstructive pulmonary disease patients, stratified with the MRC dyspnoea scale. European respiratory
journal, 1998. 12(2): p. 363-369.

Mahler, D., G. Guyatt, and P. Jones, Clinical measurement of dyspnea. Lung biology in health and
disease, 1998. 111: p. 149-197.

Stenton, C., The MRC breathlessness scale. Occupational Medicine, 2008. 58(3): p. 226-227.
Fletcher, C., The clinical diagnosis of pulmonary emphysema. Proc R Soc Med, 1952. 45: p. 577-584.

296



115.  Mahler, D.A. and C.K. Wells, Evaluation of clinical methods for rating dyspnea. Chest, 1988. 93(3): p.
580-586.

116.  Williams, N., The MRC breathlessness scale. Occupational medicine, 2017. 67(6): p. 496-497.

117.  Eakin, E., et al., Validation of the UCSD shortness of breath questionnaire. 1994, LWW. p. 322.

118. Teerlink, J.R., Dyspnea as an end point in clinical trials of therapies for acute decompensated heart
failure. American heart journal, 2003. 145(2): p. S26-S33.

119. Group, W., The World Health Organization quality of life assessment (WHOQOL): position paper from
the World Health Organization. Social science & medicine, 1995. 41(10): p. 1403-1409.

120. Stenman, U,, et al., Measurement and modeling of health-related quality of life. Epidem Demog Public
Health, 2010. 195(1): p. 130-135.

121.  Pompili, C., M. Koller, and G. Velikova, Choosing the right survey: The lung cancer surgery. Journal of
Thoracic Disease, 2020. 12(11): p. 6892.

122.  Pompili, C., Quality of life after lung resection for lung cancer. Journal of thoracic disease, 2015.
7(Suppl 2): p. S138.

123.  Brunelli, A,, et al., ERS/ESTS clinical guidelines on fitness for radical therapy in lung cancer patients
(surgery and chemo-radiotherapy). European Respiratory Journal, 2009. 34(1): p. 17-41.

124. Ha, D., et al.,, Effects of curative-intent lung cancer therapy on functional exercise capacity and patient-
reported outcomes. Supportive Care in Cancer, 2020. 28(10): p. 4707-4720.

125. Handy Jr, J.R., et al., What happens to patients undergoing lung cancer surgery?: Outcomes and
quality of life before and after surgery. Chest, 2002. 122(1): p. 21-30.

126.  Avery, K.N., et al., Impact on health-related quality of life of video-assisted thoracoscopic surgery for
lung cancer. Annals of surgical oncology, 2020. 27: p. 1259-1271.

127.  Brunelli, A., C. Pompili, and M. Koller, Changes in quality of life after pulmonary resection. Thoracic
surgery clinics, 2012. 22(4): p. 471-485.

128. Marzorati, C., et al., One-Year Quality of Life Trends in Early-Stage Lung Cancer Patients After
Lobectomy. Frontiers in Psychology, 2020. 11.

129. Nugent, S.M., et al., Longitudinal health-related quality of life among individuals considering
treatment for stage | non—small-cell lung cancer. Annals of the American Thoracic Society, 2020. 17(8):
p. 988-997.

130. Pompili, C., et al., Are quality of life outcomes comparable following stereotactic radiotherapy and
minimally invasive surgery for stage | lung cancer patients? Journal of thoracic disease, 2018. 10(12):
p. 7055.

131.  Yang, P, et al., Quality of life and symptom burden among long-term lung cancer survivors. Journal of
Thoracic Oncology, 2012. 7(1): p. 64-70.

132.  Juniper, E., Validated questionnaires should not be modified. 2009, Eur Respiratory Soc. p. 1015-1017.

133.  Pompili, C., N. Novoa, and B. Balduyck, Clinical evaluation of quality of life: a survey among members
of European Society of Thoracic Surgeons (ESTS). Interactive cardiovascular and thoracic surgery,
2015. 21(4): p. 415-419.

134.  Ware Jr, J.E. and C.D. Sherbourne, The MOS 36-item short-form health survey (SF-36): I. Conceptual
framework and item selection. Medical care, 1992: p. 473-483.

135. Guyatt, G., Insights and limitations from health-related quality-of-life research. Journal of general
internal medicine, 1997. 12(11): p. 720.

136.  Trippoli, S., et al., Quality of life and utility in patients with non-small cell lung cancer.
Pharmacoeconomics, 2001. 19: p. 855-863.

137.  Group, T.E., EuroQol-a new facility for the measurement of health-related quality of life. Health policy,
1990. 16(3): p. 199-208.

138. Foundation, E.R. EQ-5D-5L User Guide,. 2019; Available from: https://eurogol.org/publications/

user-guides.

297


https://euroqol.org/publications/

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Whitehead, S.J. and S. Ali, Health outcomes in economic evaluation: the QALY and utilities. British
medical bulletin, 2010. 96(1): p. 5-21.

Brazier, J.E., et al., Future directions in valuing benefits for estimating QALYs: is time up for the EQ-5D?
Value in Health, 2019. 22(1): p. 62-68.

Cella, D.F, et al., The Functional Assessment of Cancer Therapy scale: development and validation of
the general measure. ) Clin Oncol, 1993. 11(3): p. 570-579.

Sharp, L., et al., Quality of life in low-income patients with metastatic prostate cancer: Divergent and
convergent validity of three instruments. Quality of Life Research, 1999. 8: p. 461-470.

Snyder, C.F., et al., Asking the right questions: investigating needs assessments and health-related
quality-of-life questionnaires for use in oncology clinical practice. Supportive Care in Cancer, 2007. 15:
p. 1075-1085.

Luckett, T., et al., Choosing between the EORTC QLQ-C30 and FACT-G for measuring health-related
quality of life in cancer clinical research: issues, evidence and recommendations. Annals of Oncology,
2011.22(10): p. 2179-2190.

Hollen, P.J., et al., Quality of life assessment in individuals with lung cancer: testing the Lung Cancer
Symptom Scale (LCSS). European Journal of Cancer, 1993. 29: p. S51-S58.

Montazeri, A., C.R. Gillis, and J. McEwen, Quality of life in patients with lung cancer: a review of
literature from 1970 to 1995. Chest, 1998. 113(2): p. 467-481.

Fayers, P., et al., EORTC QLQ-C30 Scoring Manual (ed 3). Brussels, Belgium. 2001, EORTC publications.
Osoba, D., et al.,, Psychometric properties and responsiveness of the EORTC quality of Life
Questionnaire (QLQ-C30) in patients with breast, ovarian and lung cancer. Quality of life research,
1994. 3: p. 353-364.

Nicklasson, M. and B. Bergman, Validity, reliability and clinical relevance of EORTC QLQ-C30 and LC13
in patients with chest malignancies in a palliative setting. Quality of Life Research, 2007. 16: p. 1019-
1028.

Pompili, C., et al., Poor preoperative patient-reported quality of life is associated with complications
following pulmonary lobectomy for lung cancer. European Journal of Cardio-Thoracic Surgery, 2017.
51(3): p. 526-531.

Schulte, T., et al., Age-related impairment of quality of life after lung resection for non-small cell lung
cancer. Lung cancer, 2010. 68(1): p. 115-120.

Burfeind Jr, W.R., et al., Quality of life outcomes are equivalent after lobectomy in the elderly. The
Journal of thoracic and cardiovascular surgery, 2008. 136(3): p. 597-604.

Bendixen, M., et al., Postoperative pain and quality of life after lobectomy via video-assisted
thoracoscopic surgery or anterolateral thoracotomy for early stage lung cancer: a randomised
controlled trial. The Lancet Oncology, 2016. 17(6): p. 836-844.

Bergman, B., et al., The EORTC QLQ-LC13: a modular supplement to the EORTC core quality of life
questionnaire (QLQ-C30) for use in lung cancer clinical trials. European journal of cancer, 1994. 30(5):
p. 635-642.

Damm, K., N. Roeske, and C. Jacob, Health-related quality of life questionnaires in lung cancer trials:
a systematic literature review. Health economics review, 2013. 3: p. 1-10.

Pompili, C., et al., Prospective external convergence evaluation of two different quality-of-life
instruments in lung resection patients. European journal of cardio-thoracic surgery, 2011. 40(1): p.
99-105.

Calvert, M., et al., Reporting of patient-reported outcomes in randomized trials: the CONSORT PRO
extension. Jama, 2013. 309(8): p. 814-822.

Bottomley, A, et al., Health-related quality of life in non—small-cell lung cancer: methodologic issues
in randomized controlled trials. Journal of Clinical Oncology, 2003. 21(15): p. 2982-2992.

Lim, E., Patients' perspective in the surgical decision-making process. Thoracic surgery clinics, 2012.
22(4): p. 539-543.

298



160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

Koller, M., et al., Psychometric properties of the updated EORTC module for assessing quality of life in
patients with lung cancer (QLQ-LC29): an international, observational field study. The Lancet
Oncology, 2020. 21(5): p. 723-732.

Ekstrém, M., et al., Who experiences higher and increasing breathlessness in advanced cancer? The
longitudinal EPCCS Study. Supportive Care in Cancer, 2016. 24: p. 3803-3811.

Simoff, M.J., et al., Symptom management in patients with lung cancer: diagnosis and management
of lung cancer: American College of Chest Physicians evidence-based clinical practice guidelines.
Chest, 2013. 143(5): p. e4555-e497S.

Hui, D., et al., Management of breathlessness in patients with cancer: ESMO Clinical Practice
Guidelines. ESMO open, 2020. 5(6).

van den Beuken-van, M.H., et al., Quality of life and non-pain symptoms in patients with cancer.
Journal of pain and symptom management, 2009. 38(2): p. 216-233.

Ferguson, M.K., et al., Quality of life and mood in older patients after major lung resection. The Annals
of thoracic surgery, 2009. 87(4): p. 1007-1013.

McKenzie, E., et al., Predictors of dyspnea in patients with advanced cancer. Ann Palliat Med, 2018.
7(4): p. 427-436.

Tanaka, K., et al., Factors correlated with dyspnea in advanced lung cancer patients: organic causes
and what else? Journal of pain and symptom management, 2002. 23(6): p. 490-500.

Sarna, L., et al., Impact of respiratory symptoms and pulmonary function on quality of life of long-
term survivors of non-small cell lung cancer. Chest, 2004. 125(2): p. 439-445.

Feinstein, M.B., et al., Current dyspnea among long-term survivors of early-stage non-small cell lung
cancer. Journal of Thoracic Oncology, 2010. 5(8): p. 1221-1226.

Sterzi, S., et al., How best to assess the quality of life in long-term survivors after surgery for NSCLC?
Comparison between clinical predictors and questionnaire scores. Clinical lung cancer, 2013. 14(1): p.
78-87.

Ekstréom, M., et al., Breathlessness during the last week of life in palliative care: an Australian
prospective, longitudinal study. Journal of Pain and Symptom Management, 2016. 51(5): p. 816-823.
Bubis, L.D., et al., Symptom burden in the first year after cancer diagnosis: an analysis of patient-
reported outcomes. Journal of Clinical Oncology, 2018. 36(11): p. 1103-1111.

Matsunuma, R., et al., Predictive Factors for the Development of Dyspnea Within 7 Days After
Admission Among Terminally Il Cancer Patients. American Journal of Hospice and Palliative
Medicine®, 2022. 39(4): p. 413-420.

Yabroff, K.R., et al., Health limitations and quality of life associated with cancer and other chronic
diseases by phase of care. Medical care, 2007: p. 629-637.

Pompili, C., et al., Predictors of postoperative decline in quality of life after major lung resections.
European journal of cardio-thoracic surgery, 2011. 39(5): p. 732-737.

Chang, N.-W., et al., The effect of gender on health-related quality of life and related factors in post-
lobectomy lung-cancer patients. European Journal of Oncology Nursing, 2015. 19(3): p. 292-300.

Ha, D.M., et al., Modifiable factors associated with health-related quality of life among lung cancer
survivors following curative intent therapy. Lung Cancer, 2022. 163: p. 42-50.

Greillier, L., et al., Pulmonary function tests as a predictor of quantitative and qualitative outcomes
after thoracic surgery for lung cancer. Clinical Lung Cancer, 2007. 8(9): p. 554-561.

Ichimura, H., et al., Preoperative predictors of restoration in quality of life after surgery for lung cancer.
Thoracic Cancer, 2021. 12(6): p. 835-844.

Balduyck, B., et al., The effect of smoking cessation on quality of life after lung cancer surgery.
European journal of cardio-thoracic surgery, 2011. 40(6): p. 1432-1438.

Schulte, T., et al., The extent of lung parenchyma resection significantly impacts long-term quality of
life in patients with non-small cell lung cancer. Chest, 2009. 135(2): p. 322-329.

Moller, A. and U. Sartipy, Predictors of postoperative quality of life after surgery for lung cancer.
Journal of Thoracic Oncology, 2012. 7(2): p. 406-411.

299



183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.
196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

Paull, D.E., et al., Determinants of quality of life in patients following pulmonary resection for lung
cancer. The American journal of surgery, 2006. 192(5): p. 565-571.

Lynch, D.A., et al., CT-definable subtypes of chronic obstructive pulmonary disease: a statement of the
Fleischner Society. Radiology, 2015. 277(1): p. 192-205.

Coxson, H.0., et al., Using pulmonary imaging to move chronic obstructive pulmonary disease beyond
FEV1. Am J Respir Crit Care Med, 2014. 190(2): p. 135-44.

Choromanska, A. and K.J. Macura, Role of computed tomography in quantitative assessment of
emphysema. Polish Journal of Radiology, 2012. 77(1): p. 28.

Cavigli, E., et al., Whole-lung densitometry versus visual assessment of emphysema. European
radiology, 2009. 19: p. 1686-1692.

Goddard, P.R., et al., Computed tomography in pulmonary emphysema. Clinical radiology, 1982. 33(4):
p. 379-387.

Miller, R.R., et al., Limitations of Computed Tomography in the Assessment of Emphysema 1 2. Am
Rev Respir Dis, 1989. 139: p. 980-983.

Mascalchi, M., G. Camiciottoli, and S. Diciotti, Lung densitometry: why, how and when. ) Thorac Dis,
2017.9(9): p. 3319-3345.

Romans, L., Computed Tomography for Technologists: A comprehensive text. 2018: Lippincott
Williams & Wilkins.

Hounsfield, G.N., Nobel Award address. Computed medical imaging. Medical physics, 1980. 7(4): p.
283-290.

Madani, A.e.a., Pulmonary emphysema: objective quantification at multi-detector row CT—
comparison with macroscopic and microscopic morphometry. Radiology, 2006. 238(3): p. 1036-1043.
Gevenois, P.A,, et al., Comparison of computed density and microscopic morphometry in pulmonary
emphysema. American journal of respiratory and critical care medicine, 1996. 154(1): p. 187-192.
Midller, N.L., et al., “Density Mask”. Chest, 1988. 94(4): p. 782-787.

Ostridge, K. and T.M. Wilkinson, Present and future utility of computed tomography scanning in the
assessment and management of COPD. Eur Respir J, 2016. 48(1): p. 216-28.

Newell, J., ). Hogg, and G. Snider, Report of a workshop: quantitative computed tomography scanning
in longitudinal studies of emphysema. European Respiratory Journal, 2004. 23(5): p. 769-775.
Heussel, C.P, et al., Fully automatic quantitative assessment of emphysema in computed tomography:
comparison with pulmonary function testing and normal values. Eur Radiol, 2009. 19(10): p. 2391-
402.

Parr, D., et al., Validation of computed tomographic lung densitometry for monitoring emphysema in
al-antitrypsin deficiency. Thorax, 2006. 61(6): p. 485-490.

Bhatt, S.P., et al., Imaging advances in chronic obstructive pulmonary disease. Insights from the
genetic epidemiology of chronic obstructive pulmonary disease (COPDGene) study. American journal
of respiratory and critical care medicine, 2019. 199(3): p. 286-301.

Castaldi, P.J., et al., Distinct quantitative computed tomography emphysema patterns are associated
with physiology and function in smokers. American journal of respiratory and critical care medicine,
2013. 188(9): p. 1083-1090.

Martinez, C.H., et al., Relationship between quantitative CT metrics and health status and BODE in
chronic obstructive pulmonary disease. Thorax, 2012. 67(5): p. 399-406.

Grydeland, T.B., et al., Quantitative computed tomography measures of emphysema and airway wall
thickness are related to respiratory symptoms. American journal of respiratory and critical care
medicine, 2010. 181(4): p. 353-359.

Martinez, F.J., et al., Sex differences in severe pulmonary emphysema. American journal of respiratory
and critical care medicine, 2007. 176(3): p. 243-252.

Haruna, A., et al., Relationship between peripheral airway function and patient-reported outcomes in
COPD: a cross-sectional study. BMC pulmonary medicine, 2010. 10(1): p. 1-7.

300



206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222,

223.

224,

225.

Nambu, A., et al., Quantitative computed tomography measurements to evaluate airway disease in
chronic obstructive pulmonary disease: relationship to physiological measurements, clinical index and
visual assessment of airway disease. European journal of radiology, 2016. 85(11): p. 2144-2151.
Murakami, J., et al., Prediction of postoperative dyspnea and chronic respiratory failure. Journal of
Surgical Research, 2015. 195(1): p. 303-310.

Camiciottoli, G., et al., Spirometrically gated high-resolution CT findings in COPD: lung attenuation vs
lung function and dyspnea severity. Chest, 2006. 129(3): p. 558-564.

de Torres, J.P, et al., Emphysema presence, severity, and distribution has little impact on the clinical
presentation of a cohort of patients with mild to moderate COPD. Chest, 2011. 139(1): p. 36-42.
Camiciottoli, G., et al.,, BODE-index, modified BODE-index and ADO-score in chronic obstructive
pulmonary disease: relationship with COPD phenotypes and CT lung density changes. COPD: Journal
of Chronic Obstructive Pulmonary Disease, 2012. 9(3): p. 297-304.

Oelsner, E.C,, et al., Noninvasive tests for the diagnostic evaluation of dyspnea among outpatients:
the Multi-Ethnic Study of Atherosclerosis lung study. The American journal of medicine, 2015. 128(2):
p. 171-180. e5.

Cui, L., et al.,, Role of inspiratory capacity on dyspnea evaluation in COPD with or without
emphysematous lesions: a pilot study. International journal of chronic obstructive pulmonary disease,
2017: p. 2823-2830.

Yasui, H., et al., Correlation of the modified Medical Research Council dyspnea scale with airway
structure assessed by three-dimensional CT in patients with chronic obstructive pulmonary disease.
Respiratory Medicine, 2019. 146: p. 76-80.

McDowell, I., Measuring health: a guide to rating scales and questionnaires. 2006: Oxford University
Press, USA.

Gietema, H.A,, et al., Impact of emphysema and airway wall thickness on quality of life in smoking-
related COPD. Respiratory medicine, 2013. 107(8): p. 1201-1209.

Bodduluri, S., et al., Signs of gas trapping in normal lung density regions in smokers. American journal
of respiratory and critical care medicine, 2017. 196(11): p. 1404-1410.

Dai, J., et al., Regional emphysema score predicting overall survival, quality of life, and pulmonary
function recovery in early-stage lung cancer patients. Journal of Thoracic Oncology, 2017. 12(5): p.
824-832.

Troschel, F.M., et al., Preoperative thoracic muscle area on computed tomography predicts long-term
survival following pneumonectomy for lung cancer. Interact Cardiovasc Thorac Surg, 2019. 28(4): p.
542-549.

Aubrey, J., et al., Measurement of skeletal muscle radiation attenuation and basis of its biological
variation. Acta physiologica, 2014. 210(3): p. 489-497.

Troschel, A.S., et al., Computed tomography—based body composition analysis and its role in lung
cancer care. Journal of thoracic imaging, 2020. 35(2): p. 91-100.

Martin, L., et al., Cancer cachexia in the age of obesity: skeletal muscle depletion is a powerful
prognostic factor, independent of body mass index. J Clin Oncol, 2013. 31(12): p. 1539-1547.
DeFilipp, Z., et al., Evolution of body composition following autologous and allogeneic hematopoietic
cell transplantation: incidence of sarcopenia and association with clinical outcomes. Biology of Blood
and Marrow Transplantation, 2018. 24(8): p. 1741-1747.

Fuchs, G, et al., Lumbar skeletal muscle index derived from routine computed tomography exams
predict adverse post-extubation outcomes in critically ill patients. Journal of critical care, 2018. 44: p.
117-123.

Foldyna, B., et al., Computed tomography-based fat and muscle characteristics are associated with
mortality after transcatheter aortic valve replacement. Journal of cardiovascular computed
tomography, 2018. 12(3): p. 223-228.

Ryan, A.M., et al., Effects of weight loss and sarcopenia on response to chemotherapy, quality of life,
and survival. Nutrition, 2019. 67: p. 110539.

301



226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242,

243,

244,

245,

van Seventer, E., et al., Associations of skeletal muscle with symptom burden and clinical outcomes in
hospitalized patients with advanced cancer. Journal of the National Comprehensive Cancer Network,
2021.19(3): p. 319-327.

Gazourian, L., et al., Quantitative pectoralis muscle area is associated with the development of lung
cancer in a large lung cancer screening cohort. Lung, 2020. 198: p. 847-853.

Hamakawa, Y., et al.,, Associations of pulmonary and extrapulmonary computed tomographic
manifestations with impaired physical activity in symptomatic patients with chronic obstructive
pulmonary disease. Scientific Reports, 2022. 12(1): p. 5608.

Diaz, A.A., et al., Pectoralis muscle area and mortality in smokers without airflow obstruction.
Respiratory Research, 2018. 19: p. 1-8.

Attaway, A.H., et al., Quantitative Computed Tomography Assessment of Pectoralis and Erector Spinae
Muscle Area and Disease Severity in Chronic Obstructive Pulmonary Disease Referred for Lung Volume
Reduction. COPD: Journal of Chronic Obstructive Pulmonary Disease, 2021. 18(2): p. 191-200.
Awano, N., et al., Quantitative computed tomography measures of skeletal muscle mass in patients
with idiopathic pulmonary fibrosis according to a multidisciplinary discussion diagnosis: a
retrospective nationwide study in Japan. Respiratory Investigation, 2020. 58(2): p. 91-101.

Takamori, S., et al., Clinical impact and risk factors for skeletal muscle loss after complete resection of
early non-small cell lung cancer. Annals of surgical oncology, 2018: p. 1-8.

Tanimura, K., et al., Quantitative Assessment of Erector Spinae Muscles in Patients with Chronic
Obstructive Pulmonary Disease. Novel Chest Computed Tomography-derived Index for Prognosis. Ann
Am Thorac Soc, 2016. 13(3): p. 334-41.

Hamaguchi, Y., et al., Proposal for new diagnostic criteria for low skeletal muscle mass based on
computed tomography imaging in Asian adults. Nutrition, 2016. 32(11-12): p. 1200-1205.
Kawaguchi, Y., et al., Sarcopenia predicts poor postoperative outcome in elderly patients with lung
cancer. General Thoracic and Cardiovascular Surgery, 2019. 67: p. 949-954.

Nakamura, R., et al., Sarcopenia in resected NSCLC: effect on postoperative outcomes. Journal of
Thoracic Oncology, 2018. 13(7): p. 895-903.

Shinohara, S., et al., Impact of sarcopenia on surgical outcomes in non-small cell lung cancer. Annals
of surgical oncology, 2020. 27: p. 2427-2435.

Nakada, T., et al., Risk factors and cancer recurrence associated with postoperative complications after
thoracoscopic lobectomy for clinical stage | non-small cell lung cancer. Thoracic cancer, 2019. 10(10):
p. 1945-1952.

Takahashi, Y., et al., Sarcopenia is poor risk for unfavorable short-and long-term outcomes in stage |
non-small cell lung cancer. Annals of Translational Medicine, 2021. 9(4).

Miura, A., et al., The prognostic impact of sarcopenia on elderly patients undergoing pulmonary
resection for non-small cell lung cancer. Surgery today, 2021. 51: p. 1203-1211.

Kim, EY., et al., Evaluation of sarcopenia in small-cell lung cancer patients by routine chest CT.
Supportive Care in Cancer, 2016. 24(11): p. 4721-4726.

Grgnberg, B.H., et al., A comparison of CT based measures of skeletal muscle mass and density from
the Th4 and L3 levels in patients with advanced non-small-cell lung cancer. European Journal of
Clinical Nutrition, 2019. 73(7): p. 1069-1076.

Prado, C.M., et al., Prevalence and clinical implications of sarcopenic obesity in patients with solid
tumours of the respiratory and gastrointestinal tracts: a population-based study. The lancet oncology,
2008. 9(7): p. 629-635.

Halpern, A.L., et al., A comparison of frailty measures at listing to predict outcomes after lung
transplantation. The Annals of Thoracic Surgery, 2020. 109(1): p. 233-240.

Portal, D., et al., L3 skeletal muscle index (L3SMI) is a surrogate marker of sarcopenia and frailty in
non-small cell lung cancer patients. Cancer Management and Research, 2019: p. 2579-2588.

302



246.

247.

248.

249,

250.

251.

252,

253.

254,

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

Arrieta, O., et al., Nutritional status, body surface, and low lean body mass/body mass index are
related to dose reduction and severe gastrointestinal toxicity induced by afatinib in patients with non-
small cell lung cancer. The Oncologist, 2015. 20(8): p. 967-974.

Stene, G.B., et al., Changes in skeletal muscle mass during palliative chemotherapy in patients with
advanced lung cancer. Acta oncologica, 2015. 54(3): p. 340-348.

Sun, C,, et al., Prognostic significance of low pectoralis muscle mass on preoperative chest computed
tomography in localized non-small cell lung cancer after curative-intent surgery. Lung Cancer, 2020.
147: p. 71-76.

Zhang, J., et al., Preoperative pectoralis muscle radiodensity as a risk factor for postoperative
complications after thoracoscopic lobectomy for non-small cell lung cancer. Annals of Palliative
Medicine, 2021. 10(5): p. 5444-5454.

Maetani, T., et al., Centrilobular Emphysema Is Associated with Pectoralis Muscle Reduction in Current
Smokers without Airflow Limitation. Respiration, 2023. 102(3): p. 194-202.

Asakura, T., et al., Quantitative assessment of erector spinae muscles in patients with Mycobacterium
avium complex lung disease. Respiratory Medicine, 2018. 145: p. 66-72.

Yoshikawa, H., et al., Quantitative assessment of erector spinae muscles and prognosis in elderly
patients with pneumonia. Scientific Reports, 2021. 11(1): p. 4319.

Dolan, D., et al., The relationship between sarcopenia and survival at 1 year in patients having elective
colorectal cancer surgery. Techniques in Coloproctology, 2019. 23: p. 877-885.

Ozeki, N., et al., Psoas muscle mass in patients undergoing lung cancer surgery: a prognostic
difference between squamous cell carcinoma and adenocarcinoma. International journal of clinical
oncology, 2020: p. 1-9.

Ozeki, N., et al., Factors associated with changes in the 12-m stair-climbing time after lung lobectomy.
General Thoracic and Cardiovascular Surgery, 2021. 69(2): p. 282-289.

Kim, E., et al., Preoperative Computed Tomography—Determined Sarcopenia and Postoperative
Outcome After Surgery for Non-Small Cell Lung Cancer. Scandinavian Journal of Surgery, 2018. 107(3):
p. 244-251.

Chen, L-K., et al., Sarcopenia in Asia: consensus report of the Asian Working Group for Sarcopenia.
Journal of the American Medical Directors Association, 2014. 15(2): p. 95-101.

Sun, H., et al., Cachexia is associated with depression, anxiety and quality of life in cancer patients.
BMJ Supportive & Palliative Care, 2020.

Becirovi¢, L.S., et al. Aritificial Inteligence Challenges in COPD management: a review. in 2021 IEEE
21st International Conference on Bioinformatics and Bioengineering (BIBE). 2021. |EEE.

Ali¢, B., L. Gurbeta, and A. Badnjevié. Machine learning techniques for classification of diabetes and
cardiovascular diseases. in 2017 6th mediterranean conference on embedded computing (MECO).
2017. IEEE.

Fischer, A.M., et al., Artificial intelligence-based fully automated per lobe segmentation and
emphysema-quantification based on chest computed tomography compared with global initiative for
chronic obstructive lung disease severity of smokers. Journal of Thoracic Imaging, 2020. 35: p. S28-
S34.

Kaplan, A., et al., Artificial intelligence/machine learning in respiratory medicine and potential role in
asthma and COPD diagnosis. The Journal of Allergy and Clinical Immunology: In Practice, 2021. 9(6):
p. 2255-2261.

Velikova, G., et al., Measuring quality of life in routine oncology practice improves communication and
patient well-being: a randomized controlled trial. Journal of Clinical Oncology, 2004. 22(4): p. 714-
724,

Erkan, A. and Z. Yildiz, Parallel lines assumption in ordinal logistic regression and analysis approaches.
International Interdisciplinary Journal of Scientific Research, 2014. 1(3): p. 8-23.

303



265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

Bakker, J.T., et al., Effect of Chest Computed Tomography Kernel Use on Emphysema Score in Severe
Chronic Obstructive Pulmonary Disease Patients Evaluated for Lung Volume Reduction. Respiration,
2023.102(2): p. 164-172.

Harvard University Chest Imaging Platform (CIP). [cited 19/7/2023; Available from:
https://chestimagingplatform.org/.

Oswald, N., Non-invasive measures of regional lung function and their clinical application in thoracic
surgery. 2021, University of Birmingham.

Fedorov, A, et al., 3D Slicer as an image computing platform for the Quantitative Imaging Network.
Magnetic resonance imaging, 2012. 30(9): p. 1323-1341.

Lee, J.P, et al., Lobar emphysema ratio of more than 1% in the lobe with lung cancer as poor predictor
for recurrence and overall survival in patients with stage | non-small cell lung cancer. Plos one, 2023.
18(2): p. e0281715.

Yip, S.S., et al., Application of the 3D slicer chest imaging platform segmentation algorithm for large
lung nodule delineation. PLoS One, 2017. 12(6): p. e0178944.

Yousefzadeh, M., et al., Statistical analysis of COVID-19 infection severity in lung lobes from chest CT.
Informatics in Medicine Unlocked, 2022. 30: p. 100935.

Hersh, C.P.,, et al., Interobserver variability in the determination of upper lobe-predominant
emphysema. Chest, 2007. 131(2): p. 424-431.

Ross, J.C., et al. Lung extraction, lobe segmentation and hierarchical region assessment for
quantitative analysis on high resolution computed tomography images. in International Conference
on Medical Image Computing and Computer-Assisted Intervention. 2009. Springer.

Williams, R., Understanding and interpreting generalized ordered logit models. The Journal of
Mathematical Sociology, 2016. 40(1): p. 7-20.

Koo, T.K. and M.Y. Li, A guideline of selecting and reporting intraclass correlation coefficients for
reliability research. Journal of chiropractic medicine, 2016. 15(2): p. 155-163.

Euser, A.M., FW. Dekker, and S. Le Cessie, A practical approach to Bland-Altman plots and variation
coefficients for log transformed variables. Journal of clinical epidemiology, 2008. 61(10): p. 978-982.
Carolan, B.J., et al., The association of plasma biomarkers with computed tomography-assessed
emphysema phenotypes. Respiratory research, 2014. 15(1): p. 1-10.

Wielpitz, M.O., et al., Variation of densitometry on computed tomography in COPD—influence of
different software tools. PloS one, 2014. 9(11): p. e112898.

Shinohara, S., et al., Impact of sarcopenia on surgical outcomes in non-small cell lung cancer. Annals
of surgical oncology, 2020: p. 1-9.

Hsu, J., et al., Sarcopenia of the Psoas Muscles Is Associated With Poor Outcomes Following Lung
Transplantation. Ann Thorac Surg, 2019. 107(4): p. 1082-1088.

Derstine, B.A., et al., Skeletal muscle cutoff values for sarcopenia diagnosis using T10 to L5
measurements in a healthy US population. Scientific reports, 2018. 8(1): p. 11369.

Go, S--1., et al., Sarcopenia and inflammation are independent predictors of survival in male patients
newly diagnosed with small cell lung cancer. Supportive care in cancer, 2016. 24: p. 2075-2084.

BMJ. Correlation and regression. n.d. 25/7/2023]; Available from: http://www.bmj.com/about-
bmj/resources-readers/publications/statistics-square-one/11-correlation-and-regression.

Perthen, J.E., et al., Intra-and interobserver variability in skeletal muscle measurements using
computed tomography images. European journal of radiology, 2018. 109: p. 142-146.

Wang, J.M., et al.,, CT-based commercial software applications: improving patient care through
accurate COPD subtyping. International Journal of Chronic Obstructive Pulmonary Disease, 2022: p.
919-930.

FDA. Artificial Intelligence and Machine Learning (Al/ML)-Enabled Medical Devices. 2023
22/11/2023]; Available from: https://www.fda.gov/medical-devices/software-medical-device-
samd/artificial-intelligence-and-machine-learning-aiml-enabled-medical-devices#fresources.

304


https://chestimagingplatform.org/
http://www.bmj.com/about-bmj/resources-readers/publications/statistics-square-one/11-correlation-and-regression
http://www.bmj.com/about-bmj/resources-readers/publications/statistics-square-one/11-correlation-and-regression
https://www.fda.gov/medical-devices/software-medical-device-samd/artificial-intelligence-and-machine-learning-aiml-enabled-medical-devices#resources
https://www.fda.gov/medical-devices/software-medical-device-samd/artificial-intelligence-and-machine-learning-aiml-enabled-medical-devices#resources

287.

288.

289.

290.

291.

292,

293.

294,

295.

296.

297.
298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

Yun, J., et al.,, Improvement of fully automated airway segmentation on volumetric computed
tomographic images using a 2.5 dimensional convolutional neural net. Medical image analysis, 2019.
51: p. 13-20.

Park, S\W.,, et al., Quantitative assessment the longitudinal changes of pulmonary vascular counts in
chronic obstructive pulmonary disease. Respiratory Research, 2022. 23(1): p. 29.

Koo, H.J., et al., Prediction of pulmonary function in patients with chronic obstructive pulmonary
disease: correlation with quantitative CT parameters. Korean journal of radiology, 2019. 20(4): p. 683-
692.

Kang, H.S., et al., Computed tomography-based visual assessment of chronic obstructive pulmonary
disease: comparison with pulmonary function test and quantitative computed tomography. Journal
of Thoracic Disease, 2021. 13(3): p. 1495.

Kim, H., et al., Effect of reconstruction parameters on the quantitative analysis of chest computed
tomography. Journal of thoracic imaging, 2019. 34(2): p. 92-102.

Mdller, J., et al., Influence of fissure integrity on quantitative CT and emphysema distribution in
emphysema-type COPD using a dedicated COPD software. European Journal of Radiology, 2017. 95:
p. 293-299.

Bouazza, Y.B., et al., Patient-reported outcome measures (PROMs) in the management of lung cancer:
a systematic review. Lung Cancer, 2017. 113: p. 140-151.

Ko, CY., M. Maggard, and E.H. Livingston, Evaluating health utility in patients with melanoma, breast
cancer, colon cancer, and lung cancer: a nationwide, population-based assessment. Journal of Surgical
Research, 2003. 114(1): p. 1-5.

Demmy, T.L. and C. Nwogu, Is video-assisted thoracic surgery lobectomy better? Quality of life
considerations. The Annals of thoracic surgery, 2008. 85(2): p. S719-5728.

Li, WW., et al., Quality of life following lung cancer resection: video-assisted thoracic surgery vs
thoracotomy. Chest, 2002. 122(2): p. 584-589.

Altman, D.G., Practical statistics for medical research. 1990: Chapman and Hall/CRC.

Harrell, F.E., Regression modeling strategies: with applications to linear models, logistic regression,
and survival analysis. Vol. 608. 2001: Springer.

Mason, C.H. and W.D. Perreault Jr, Collinearity, power, and interpretation of multiple regression
analysis. Journal of marketing research, 1991. 28(3): p. 268-280.

VanVoorhis, C.W. and B.L. Morgan, Understanding power and rules of thumb for determining sample
sizes. Tutorials in quantitative methods for psychology, 2007. 3(2): p. 43-50.

Hayes, A.F. and L. Cai, Using heteroskedasticity-consistent standard error estimators in OLS regression:
An introduction and software implementation. Behavior research methods, 2007. 39: p. 709-722.
Cai, Y-x., et al., Thoracoscopic lobectomy versus open lobectomy in stage | non-small cell lung cancer:
a meta-analysis. PloS one, 2013. 8(12): p. €82366.

Poulos, L.M., et al., Prevalence and burden of breathlessness in Australian adults: the National
Breathlessness Survey—a cross-sectional web-based population survey. Respirology, 2021. 26(8): p.
768-775.

Nardone, A., et al., The impact of BMI on non-malignant respiratory symptoms and lung function in
arsenic exposed adults of Northern Chile. Environmental research, 2017. 158: p. 710-719.

Reuben, D.B. and V. Mor, Dyspnea in terminally ill cancer patients. Chest, 1986. 89(2): p. 234-236.
Derogar, M., et al., Influence of major postoperative complications on health-related quality of life
among long-term survivors of esophageal cancer surgery. Journal of Clinical Oncology, 2012. 30(14):
p. 1615-1619.

Kauppila, J.H., A. Johar, and P. Lagergren, Postoperative complications and health-related quality of
life 10 years after esophageal cancer surgery. Annals of Surgery, 2020. 271(2): p. 311-316.

Park, S., et al., Prospective analysis of quality of life in elderly patients treated with adjuvant
chemotherapy for non-small-cell lung cancer. Annals of oncology, 2013. 24(6): p. 1630-1639.

305



309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

Yamada, M., et al., Risk factors of pneumonitis following chemoradiotherapy for lung cancer.
European journal of cancer, 1998. 34(1): p. 71-75.

Gil, K.M,, et al., Baseline characteristics influencing quality of life in women undergoing gynecologic
oncology surgery. Health and quality of life outcomes, 2007. 5(1): p. 1-7.

Montagnese, C., et al., Quality of Life in Women Diagnosed with Breast Cancer after a 12-Month
Treatment of Lifestyle Modifications [J]. Nutrients, 2020, 13 (1): 136.

Goldenberg, M., I. Danovitch, and WW. IsHak, Quality of life and smoking. The American journal on
addictions, 2014. 23(6): p. 540-562.

Batchelor, T.J., et al., Guidelines for enhanced recovery after lung surgery: recommendations of the
Enhanced Recovery After Surgery (ERAS®) Society and the European Society of Thoracic Surgeons
(ESTS). European journal of cardio-thoracic surgery, 2019. 55(1): p. 91-115.

Herndon, J.E., et al., Is quality of life predictive of the survival of patients with advanced nonsmall cell
lung carcinoma? Cancer: Interdisciplinary International Journal of the American Cancer Society, 1999.
85(2): p. 333-340.

Akin, S., et al., Quality of life, symptom experience and distress of lung cancer patients undergoing
chemotherapy. European journal of oncology nursing, 2010. 14(5): p. 400-409.

de Mol, M., et al., The association of depressive symptoms, personality traits, and sociodemographic
factors with health-related quality of life and quality of life in patients with advanced-stage lung
cancer: an observational multi-center cohort study. BMC cancer, 2020. 20: p. 1-14.

Laky, B., et al., Pretreatment malnutrition and quality of life-association with prolonged length of
hospital stay among patients with gynecological cancer: a cohort study. BMC cancer, 2010. 10: p. 1-
6.

Stricker, K., et al., Does ICU length of stay influence quality of life? Acta anaesthesiologica
scandinavica, 2005. 49(7): p. 975-983.

Suzuki, Y., et al., Associations Between Morphological Phenotypes of COPD and Clinical Characteristics
in Surgically Resected Patients with COPD and Concomitant Lung Cancer. International Journal of
Chronic Obstructive Pulmonary Disease, 2022: p. 1443-1452.

Roy, E., et al., Lung cancer resection and postoperative outcomes in COPD: A single-center experience.
Chronic Respiratory Disease, 2020. 17: p. 1479973120925430.

Kauczor, H.U., et al.,, Computed Tomography Imaging for Novel Therapies of Chronic Obstructive
Pulmonary Disease. ) Thorac Imaging, 2019. 34(3): p. 202-213.

Heussel, C., et al., Contrast enhanced CT-scans are not comparable to non-enhanced scans in
emphysema quantification. European journal of radiology, 2010. 74(3): p. 473-478.

Takasugi, J.E. and J.D. Godwin, Radiology of chronic obstructive pulmonary disease. Radiologic Clinics
of North America, 1998. 36(1): p. 29-55.

Kitazawa, S., et al., Predicting respiratory complications following lobectomy using quantitative CT
measures of emphysema. International Journal of Chronic Obstructive Pulmonary Disease, 2021: p.
2523-2531.

Ryan, A.M. and E.S. Sullivan, Impact of musculoskeletal degradation on cancer outcomes and
strategies for management in clinical practice. Proceedings of the Nutrition Society, 2021. 80(1): p.
73-91.

Williams, G.R,, et al., Sarcopenia & aging in cancer. Journal of geriatric oncology, 2019. 10(3): p. 374-
377.

Beumer, B.R., et al., Impact of muscle mass on survival of patients with hepatocellular carcinoma after
liver transplantation beyond the Milan criteria. Journal of Cachexia, Sarcopenia and Muscle, 2022.
13(5): p. 2373-2382.

Choe, E.K., et al., Association between CT-measured abdominal skeletal muscle mass and pulmonary
function. Journal of Clinical Medicine, 2019. 8(5): p. 667.

306



329.

330.

331.

332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344,

345.

346.

347.

348.

349.

350.

Jeffery, E., et al., Body composition and nutritional status in malignant pleural mesothelioma:
implications for activity levels and quality of life. European journal of clinical nutrition, 2019. 73(10):
p. 1412-1421.

Hua, X., et al., Low skeletal muscle mass impairs quality of life in nasopharyngeal carcinoma patients
treated with concurrent chemoradiotherapy. Frontiers in Nutrition, 2020. 6: p. 195.

Parsons, H.A., et al., Evaluation of the clinical relevance of body composition parameters in patients
with cancer metastatic to the liver treated with hepatic arterial infusion chemotherapy. Nutrition and
cancer, 2012. 64(2): p. 206-217.

Rollins, K.E., et al., Body composition measurement using computed tomography: does the phase of
the scan matter? Nutrition, 2017. 41: p. 37-44.

Gomez-Perez, S.L., et al., Measuring abdominal circumference and skeletal muscle from a single cross-
sectional computed tomography image: a step-by-step guide for clinicians using National Institutes of
Health Imagel. Journal of Parenteral and Enteral Nutrition, 2016. 40(3): p. 308-318.

Pieper, S., M. Halle, and R. Kikinis. 3D Slicer. in 2004 2nd IEEE international symposium on biomedical
imaging: nano to macro (IEEE Cat No. 04EX821). 2004. IEEE.

Kammerlander, A., et al., Standardized measurement of abdominal muscle by computed tomography:
association with cardiometabolic risk in the Framingham Heart Study. European Radiology, 2022.
32(10): p. 7068-7078.

Lim, W.H. and C.M. Park, Validation for measurements of skeletal muscle areas using low-dose chest
computed tomography. Scientific Reports, 2022. 12(1): p. 463.

Kinsey, C.M., et al., Regional emphysema of a non—small cell tumor is associated with larger tumors
and decreased survival rates. Annals of the American Thoracic Society, 2015. 12(8): p. 1197-1205.
van Heusden, H.C., et al., Feasibility of assessment of skeletal muscle mass on a single cross-sectional
image at the level of the fourth thoracic vertebra. European Journal of Radiology, 2021. 142: p.
109879.

Kim, D.W.,, et al., Effects of contrast phases on automated measurements of muscle quantity and
quality using CT. Korean Journal of Radiology, 2021. 22(11): p. 1909.

Yao, J., et al., Prevalence of possible sarcopenia in community-dwelling older Chinese adults: a cross-
sectional study. BMJ open, 2022. 12(12): p. e067425.

Hernandez-Conde, M., et al., A nomogram as an indirect method to identify sarcopenia in patients
with liver cirrhosis. Annals of Hepatology, 2022. 27(5): p. 100723.

Zhong, X. and T.A. Zimmers, Sex differences in cancer cachexia. Current Osteoporosis Reports, 2020.
18: p. 646-654.

Broughman, J.R., et al., Prevalence of sarcopenia in older patients with colorectal cancer. Journal of
geriatric oncology, 2015. 6(6): p. 442-445.

Dunne, R.F., et al., Characterizing cancer cachexia in the geriatric oncology population. Journal of
geriatric oncology, 2019. 10(3): p. 415-419.

Sousa-Santos, A.R., et al., Factors associated with sarcopenia and undernutrition in older adults.
Nutrition & Dietetics, 2019. 76(5): p. 604-612.

Cherin, P, et al., Prevalence of sarcopenia among healthy ambulatory subjects: the sarcopenia begins
from 45 years. Aging Clinical and Experimental Research, 2014. 26(2): p. 137-146.

Newman, A.B., et al., Sarcopenia: alternative definitions and associations with lower extremity
function. Journal of the American Geriatrics Society, 2003. 51(11): p. 1602-1609.

Cao, J., et al., Correlation between bioelectrical impedance analysis and chest CT-measured erector
spinae muscle area: a cross-sectional study. Frontiers in Endocrinology, 2022. 13: p. 923200.
Sanders, K.J., et al., Cross-sectional and longitudinal assessment of muscle from regular chest
computed tomography scans: L1 and pectoralis muscle compared to L3 as reference in non-small cell
lung cancer. International journal of chronic obstructive pulmonary disease, 2019: p. 781-789.

Sun, C., et al., Combination of skeletal muscle mass and density predicts postoperative complications
and survival of patients with non-small cell lung cancer. Annals of Surgical Oncology, 2022: p. 1-9.

307



351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

371.

Shirai, H., et al., Preoperative low muscle mass and low muscle quality negatively impact on
pulmonary function in patients undergoing hepatectomy for hepatocellular carcinoma. Liver Cancer,
2018. 7(1): p. 76-89.

Park, C.-H., et al., Relationship between skeletal muscle mass and lung function in Korean adults
without clinically apparent lung disease. Medicine, 2018. 97(37).

Daffre, E., et al., Total Psoas Area and Total Muscular Parietal Area Affect Long-Term Survival of
Patients Undergoing Pneumonectomy for Non-Small Cell Lung Cancer. Cancers, 2021. 13(8): p. 1888.
Martini, K., et al., Sarcopenia as independent risk factor of postpneumonectomy respiratory failure,
ARDS and mortality. Lung Cancer, 2020. 149: p. 130-136.

Wang, F-Z., et al., Reliability and validity of abdominal skeletal muscle area measurement using
magnetic resonance imaging. Academic Radiology, 2021. 28(12): p. 1692-1698.

Qiao, X., et al., CT Attenuation and Cross-Sectional Area of the Pectoralis Are Associated With Clinical
Characteristics in Chronic Obstructive Pulmonary Disease Patients. Frontiers in Physiology, 2022. 13:
p. 833796.

Gigic, B., et al., The role of CT-quantified body composition on longitudinal health-related quality of
life in colorectal cancer patients: the colocare study. Nutrients, 2020. 12(5): p. 1247.

Martin, D., et al., Association between CT-based preoperative sarcopenia and outcomes in patients
that underwent liver resections. Cancers, 2022. 14(1): p. 261.

Rozenberg, D., et al., Thoracic muscle cross-sectional area is associated with hospital length of stay
post lung transplantation: a retrospective cohort study. Transplant International, 2017. 30(7): p. 713-
724.

Nipp, R.D., et al., Sarcopenia is associated with quality of life and depression in patients with advanced
cancer. The oncologist, 2018. 23(1): p. 97-104.

Morozov, S., E. Ranschaert, and P. Algra, Introduction: Game changers in radiology. Artificial
intelligence in medical imaging: opportunities, applications and risks, 2019: p. 3-5.

Spahié, L., et al. Lactose intolerance prediction using artificial neural networks. in CMBEBIH 2019:
Proceedings of the International Conference on Medical and Biological Engineering, 16-18 May 2019,
Banja Luka, Bosnia and Herzegovina. 2020. Springer.

Spathis, D. and P. Vlamos, Diagnosing asthma and chronic obstructive pulmonary disease with
machine learning. Health informatics journal, 2019. 25(3): p. 811-827.

Magrabi, F., et al., Artificial intelligence in clinical decision support: challenges for evaluating Al and
practical implications. Yearbook of medical informatics, 2019. 28(01): p. 128-134.

Gierada, D.S., et al., Effects of CT section thickness and reconstruction kernel on emphysema
quantification: relationship to the magnitude of the CT emphysema index. Academic radiology, 2010.
17(2): p. 146-156.

Madani, A., A. Van Muylem, and P.A. Gevenois, Pulmonary emphysema: effect of lung volume on
objective quantification at thin-section CT. Radiology, 2010. 257(1): p. 260-268.

Regan, E.A., et al., Genetic epidemiology of COPD (COPDGene) study design. COPD: Journal of Chronic
Obstructive Pulmonary Disease, 2011. 7(1): p. 32-43.

Kirby, M., et al., Inter-and intra-software reproducibility of computed tomography lung density
measurements. Medical physics, 2020. 47(7): p. 2962-2969.

Lim, H.J., et al., Fully Automated Pulmonary Lobar Segmentation: Influence of Different Prototype
Software Programs onto Quantitative Evaluation of Chronic Obstructive Lung Disease. PLoS One,
2016. 11(3): p. e0151498.

Berta, L., et al., Automatic lung segmentation in COVID-19 patients: Impact on quantitative computed
tomography analysis. Physica Medica, 2021. 87: p. 115-122.

Shin, J.M., et al.,, The repeatability of computed tomography Ilung volume measurements:
comparisons in healthy subjects, patients with obstructive lung disease, and patients with restrictive
lung disease. PLoS One, 2017. 12(8): p. e0182849.

308



372.

373.

374.

Coxson, H.O., et al., The presence and progression of emphysema in COPD as determined by CT
scanning and biomarker expression: a prospective analysis from the ECLIPSE study. The lancet
Respiratory medicine, 2013. 1(2): p. 129-136.

Hoesein, F.A.M., et al., CT-quantified emphysema in male heavy smokers: association with lung
function decline. Thorax, 2011. 66(9): p. 782-787.

Ramage, M.I., Critical assessment of computed tomography as a valid means of muscular body
composition analysis in cancer cachexia. 2020.

Appendices

Appendix1: EORTC QLQ-C30 Questionnaire

ENGLISH

O

EORTC QLQ—C30 (version 3)

We are interested in some things about vou and your health. Please answer all of the questions yourself by circling the
number that best applies to you. There are no "right" or "wrong" answers. The information that you provide will
remain strictly confidential.

Please fill in your initials: I I |
Your birthdate (Day, Month, Year): T T I |
Today's date (Day, Month, Year): ) U T I |

Not at A Quite  Very
All Little aBit Much

1. Do you have any trouble doing strenuous activities,

like carrving a heavy shopping bag or a suitcase? 1 2 3 4
2. Do you have any trouble taking a long walk? 1 2 3 4
3. Do you have any trouble taking a short walk outside of the house? 1 2 3 4
4. Do you need to stay in bed or a chair during the day? 1 2 3 4 309

5. Do you need help with eating, dressing, washing
yourself or using the toilet? 1 2 3 4
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ENGLISH

During the past week: Notat A Quite Very
Al Litde aBit Much

17. Have you had diarrhea? | 2 3 4
18. Were you tired? | 2 3 4
19. Did pain interfere with your daily activities? 1 2 3 4

20, Have you had difficulty in concentrating on things,

like reading a newspaper or watching television? 1 2 3 4
21. Did you feel tense? | 2 3 4
22. Did you worry? | 2 3 4
23. Did you feel irritahle? | 2 3 4
24. Did you feel depressed? | 2 3 4
25. Have you had difficulty remembering things? 1 2 3 4

26. Has your physical condition or medical treatment
interfered with your family life? 1 2 3 4

27 Has your physical condition or medical treatment
interfered with vour social activities? 1 2 3 4

28. Has your physical condition or medical treatment
caused you financial difficulties? 1 2 3 4

For the following questions please circle the number between 1 and 7 that
best applies to you

29, How would you rate your overall health during the past week?
1 2 3 4 5 B 1

Very poor Excellent

30.  How would you rate your overall quality of life during the past week?
1 2 3 4 5 i 7

Very poor Excellent

© Copyright 1995 EORTC Quality of Life Group. All rights reserved. Version 3.0
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QLQ-LC13 Questionnaire

O

EORTC OQLO -1.C13

ENGLISH

Patients sometimes report that they have the following symptoms or problems. Please indicate the
extent to which you have experienced these symptoms or problems during the past week. Please
answer by circling the number that best applies to you.

During the past week :

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

How much did you cough?

Did you cough up blood?

Were you short of breath when you rested?
Were you short of breath when you walked?
Were you short of breath when you climbed stairs?
Have you had a sore mouth or tongue?

Have you had trouble swallowing?

Have you had tingling hands or feet?

Have you had hair loss?

Have you had pain in your chest?

Have you had pain in your arm or shoulder?
Have you had pain in other parts of your body?

If yes, where

Did you take any medicine for pain?
1 Neo 2 Yes

If yes, how much did it help?

@ QLQ-C30-LC13 Copyright 1994 EORTC Study Group on Quality of life. All rights reserved

Not at
All

1

1

A
Little

2

2

Quite
a Bit

3

3

Very
Much

£l

4
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