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Strengths and limitations of this study

 ► This is a multicentre, prospective, observational 
cohort study from the real-world clinical setting in 
China.

 ► It focuses on developing and validating utility pa-
rameters for future implementation of patient-re-
ported outcome-based perioperative symptom 
management in patients with lung cancer.

 ► It focuses on frequent perioperative longitudinal 
symptom data collection, including preoperatively, 
daily postoperatively during in-hospital stay and 
weekly after discharge until 4 weeks or the start of 
postoperative oncological therapy.

 ► The MD Anderson Symptom Inventory–Lung Cancer 
Module is used to collect symptom data.

 ► The fact that five subcentres joined the study mid-
way may be a limitation.

AbStrACt
Introduction Patient-reported outcome-based symptom 
monitoring and alerting have been attractive for patient 
care after a tumour-removal surgery. However, the 
implementation parameters of this patient-centred 
symptom management system in perioperative patients 
with lung cancer are still lacking. We aim to develop 
a perioperative symptom scale (PSS) for monitoring, 
to determine the optimal time points for symptom 
assessment and to define the alert thresholds for medical 
intervention.
Methods and analysis This study will prospectively 
recruit 300 patients undergoing lung cancer surgery in 
six hospitals. The MD Anderson Symptom Inventory–Lung 
Cancer Module (MDASI-LC) is used to collect longitudinal 
symptom data preoperatively, daily postoperatively 
during in-hospital stay and weekly after discharge until 4 
weeks or the start of postoperative oncological therapy. 
Symptoms that change significantly over time will be 
generated as the PSS. We will determine the optimal time 
points for follow-up using the generalised linear mixed-
effects models. The MDASI-LC interference-measured 
functional status will be used as the anchor for the alert 
thresholds.
Ethics and dissemination Ethics Committee of Sichuan 
Cancer Hospital approved this study on 16 October 2017 
(No. SCCHEC-02-2017-042). The manuscript is based on 
the latest protocol of Version 3.0, 15 September 2019. 
The results of this study will be presented at medical 
conferences and published in peer-reviewed journals.
trials registration number NCT03341377.

IntroduCtIon
Lung cancer is the leading cause of death 
among all types of cancers,1 2with surgery 
as one of its main treatment methods. 
In 2015, ~147 000 lung cancer surgeries 
were performed in tertiary hospitals in 
China.3 Thoracotomy or minimally invasive 

thoracoscopic surgery can lead to severe and 
various postoperative symptoms, such as pain, 
fatigue, cough and shortness of breath.4–9 
Adequate perioperative symptom control can 
accelerate postoperative recovery, improve 
quality of life (QOL) and ensure timely 
return to intended oncological therapy, and 
thus, potentially benefit survival.10 11 Clinical 
trials have shown that the use of patient-re-
ported outcome (PRO)-based symptom 
monitoring in patients receiving chemo-
therapy can not only improve QOL but also 
significantly improve survival.12–14 However, 
very few studies have been conducted in the 
perioperative patients with lung cancer.10 15

PRO-based symptom management is 
the key and ideal model for patient-cen-
tred care.15–19 However, there are still a few 
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Figure 1 Flow diagram of this study.

technical and methodological issues to be resolved before 
implementing PRO tools in perioperative symptom 
management in patients with lung cancer. First, a brief 
lung cancer surgery-specific measurement scale is 
lacking. Currently, four commonly used lung cancer-spe-
cific PRO tools are available: the European Organisation 
for Research and Treatment of Cancer Quality of Life 
Questionnaire–Lung Cancer Module, the Functional 
Assessment of Cancer Therapy–Lung, the Lung Cancer 
Symptom Scale and the MD Anderson Symptom Inven-
tory–Lung Cancer Module (MDASI-LC).16 20–24 These 
scales are primarily generated and validated in patients 
with lung cancer receiving chemotherapy and radio-
therapy. It is still unknown whether these items will be 
appropriate for patients undergoing lung cancer surgery. 
More importantly, there are too many items on these 
instruments that hinder clinical application. Second, the 
key symptom monitoring time points are undetermined. 
Usually, PRO data collection for discharged patients 
who have undergone lung cancer surgery is limited to 
follow-up clinic visits. The first follow-up clinic visit is ~4 
weeks after discharge. During these 4 weeks, the patient’s 
symptoms and functional status can change rapidly,18 and 
these potential abnormalities are often ignored, leading 
to negative clinical outcomes, for instance, postoperative 
complications, unplanned clinic visit or emergency room 
visit. In addition, the absence of key PRO information 
influences the evaluation of clinical outcomes.25 Third, 
evidence-based alert thresholds for perioperative inter-
vention are lacking. A definitive cut-off point of symptom 
score is the premise of patient symptom monitoring and 
precision medical intervention. In this study, we aim to 
solve these methodological issues, via developing and vali-
dating a perioperative symptom scale (PSS) for symptom 
monitoring, determining the optimal time points for 
symptom assessment and defining the alert thresholds for 
medical intervention.

MEthodS And AnAlySIS
Study design
This is a real-world, ongoing, multicentre, prospective, 
observational cohort study. A flow diagram of this study 
is shown in figure 1.

Setting
The study is being conducted in six hospitals in China, 
namely, Sichuan Cancer Hospital, The Third People’s 
Hospital of Chengdu, The Seventh People’s Hospital 
of Chengdu, Jiangyou People’s Hospital, Zigong First 
People’s Hospital and Dazhu County People’s Hospital. 
This study was initiated by Sichuan Cancer Hospital 
and started on November 2017. The other five research 
centres joined the study in January 2019. This study is esti-
mated to be completed before 31 March 2020.

Study population
Eligible patients are required to be aged ≥18 years, have 
no cognitive impairment or be able to understand the 

study requirements, be pathologically or clinically diag-
nosed as primary lung cancer before surgery, and plan to 
undergo a surgical procedure.

Sample size calculation
This study primarily aims to establish a symptom scale that 
can be used to monitor perioperative symptom burden 
in patients with lung cancer and that requires significant 
changes over time during the perioperative period (from 
preoperatively to 4 weeks after discharge). Our prelimi-
nary work showed that the overall SD of the score of the 
main symptom of lung cancer (0–10 score) was 2.2 in the 
first postoperative month. With an average of 5 assess-
ments, the rate of symptom score change over time was 
0.1 points per assessment according to the general linear 
regression model. In order to reject the null hypothesis 
that the symptom scale does not change significantly 
over time, 239 patients with effective symptom data are 
needed. The type I error rate is 5%, and the power is 
80%. In consideration of 20% attrition, the final sample 
size is ~300 (239/0.8) cases.

outcome measures
Primary outcome in this study is perioperative symptom 
burden in patients with lung cancer, as measured by the 
MDASI-LC. The symptom burden will be presented via a 
PSS, generated from a subgroup of MDASI-LC symptom 
items that change significantly over the perioperative 
period. The MDASI-LC is used to collect longitudinal 
symptom data preoperatively (typically within 3 days 
before surgery), daily postoperatively (in-hospital stay of 
≤14 days) and weekly after discharge until 4 weeks (±3 
days) or the start of postoperative cancer therapy. The 
MDASI-LC is a lung cancer-specific PRO measurement, 
which has been translated and validated in a Chinese 
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setting. Secondary outcomes mainly include QOL 
measured by a single-item QOL scale (UNISCALE)26 and 
functional status measured by MDASI-LC interference 
items. The measurement time points of QOL are the 
same as that of the MDASI-LC. We also measure patient’s 
perception of symptom and daily functioning changes 
via a five-point Likert Scale weekly after discharge until 
4 weeks (±3 days) or the start of postoperative cancer 
therapy.

Withdrawal criteria
Participants will be withdrawn from this study if they 
meet the following criteria: (1) cancellation of planned 
surgery, (2) >24 hours of postoperative endotracheal 
intubation in the Intensive Care Unit, (3) postoperative 
length of hospital stay of >14 days, (4) severe complica-
tions interfering with PRO data collection, (5) postoper-
ative pathological diagnosis is not primary lung cancer, 
(6) those who do not follow the study protocol (deliber-
ately providing incorrect PRO data), (7) those who ask to 
withdraw from the research or (8) other conditions that 
require withdrawal as assessed by the investigator.

data collection, management and monitoring
We use REDCap,27 28 a web-based software application for data 
storage and management (http://125.71.214.100:888/
redcap), to store and manage data. Electronic case report 
form was designed on REDCap. It consists of 12 data 
collection instruments, namely, demographic character-
istics, preoperative characteristics, surgery information, 
anaesthesia information, postoperative care, periopera-
tive complications, pain management, MDASI-LC, QOL, 
symptom and daily functioning changes, completion 
data and follow-up information. PRO data are collected 
using a paper questionnaire or an e-questionnaire and 
then recorded in REDCap. Participants are instructed to 
fill out the scales independently. If they have difficulties 
in completing the scales, investigators or other proxies 
will assist them by reading each item aloud and recording 
their responses. All data are deidentified and entered 
into the REDCap platform. Data are entered by a data 
entry clerk and checked regularly by a quality controller. 
Data monitoring is carried out regularly by the Ethics 
Committee of Sichuan Cancer Hospital.

Quality control
Investigators received standard operating procedure 
training before recruiting the patients. The subcentres 
receive regular online directions, telephone monitoring 
and on-site supervision conducted by the principal 
investigator or international expert from MD Anderson 
Cancer Center.

data analysis
For inclusion in the final analysis, the participants must 
complete the MDASI-LC assessments preoperatively 
and at least two additional assessments postoperatively. 
The multiple imputation method will be used to impute 
missing data. Continuous data will be expressed as 

mean±SD or median and IQR. Categorical data will be 
presented as number and percentage. We will use gener-
alised linear mixed-effects models to describe trajectories 
of symptom severity, symptom interference and QOL 
during the entire investigation period. Considering the 
time variable, days from surgery, as a continuous vari-
able, symptoms that change significantly over time will be 
generated as the targets for perioperative symptom moni-
toring. The PSS score will be obtained by averaging scores 
of all targeted symptoms. Treating days from surgery as 
a categorical variable, we will estimate the change of 
PSS from the previous assessment using a generalised 
linear mixed-effects model. The optimal time points for 
monitoring will be determined as those with significant 
changes in PSS. The alert thresholds will be generated 
as cut-off points for the PSS with the method proposed 
by Serlin et al,29 using the 6 MDASI-LC interference 
items as the anchor. The 6 MDASI interference items 
have been validated as a reliable and sensitive measure 
for functional status of patients undergoing cancer treat-
ment19 30 and ‘functional recovery has been considered as 
the most important target’ for postoperative recovery by 
a large group of international professionals.31 Differences 
are considered statistically significant if the two-tailed p 
values of <0.05. All data analyses will be performed using 
the SAS V.9.4.

Patient and public involvement
Patients and the general public were not involved in the 
design, recruitment and implementation of the study. 
We have no plans of informing the study participants 
regarding the results of this study. However, the results 
will be disseminated to the applicants in the form of a 
published article as requested.

EthICS And dISSEMInAtIon
Any amendments to the research protocol will be 
submitted for ethical approval. All participants must 
provide informed consent. The results in this study will be 
first reported at relevant medical conferences and then 
will eventually be published in peer-reviewed journals.
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