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Background: Lung cancer (LC) is the most common cancer worldwide. The prevalence of LC and rate
of associated mortality are high and increasing faster in China than in Western countries. Non-small cell
lung cancer (NSCLC) accounts for most LCs. This study aims to be the first large, multi-center, non-
interventional retrospective study of treatment patterns (type/duration, number of lines, completion rate),
real-world outcomes, and medical costs among Chinese patients with advanced/metastatic NSCLC (IIIb/IV)
or extensive-stage small cell LC (ES-SCLC).

Methods: This study will enroll 8,800 patients (>18 years, with a diagnosis of advanced/metastatic NSCLC
made between 1 December 2013 to 30 November 2014) from 35 to 50 Chinese sites. Hospital information
systems (HIS) and electronic medical records will be retrospectively reviewed, in adherence with regulatory
and ethical requirements. Early-stage treatment (starting from 1 December 2010) of patients with recurrent
disease or early disease progression will be examined. Data will be collected at baseline (diagnosis) and 6 and
12 months after this. Observation will end after 3 years or death. Data will be stratified by histology, staging,
age, region, health insurance, and epidermal growth factor receptor (EGFR)/anaplastic lymphoma kinase
(ALK) mutation status. Treatment duration and overall survival will be estimated using Kaplan-Meier curves.
Descriptive statistics will be used for disease characteristics and patient demographics. Cox-proportional
hazards models will be used to examine the impact of demographics/treatment on survival. Treatment
patterns and outcome predictors will be explored using multivariate logistic regression.

Discussion: This protocol describes the methodology for collecting real-world data to guide evidence-
based clinical practice and inform unmet needs in NSCLC treatment, with potential to identify gaps between
guidelines and current practice.
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Introduction

Lung cancer (LC) is the most common cancer worldwide.
In China, LC claims more lives than any other malignancy,
and its prevalence and mortality have rapidly increased in
recent decades (1). The incidence of LC in China is high
and the reported rate has risen faster in China than in
Western countries (1,2). Key risk factors that contribute
to the disease burden of LC in China include smoking and
air pollution (1). The National Central Cancer Registry
estimated that 651,053 new patients were diagnosed with
LC in 2011, representing 19.3% of all new cancer cases
in China (2). The distribution of these newly diagnosed
patients was similar between rural and urban areas (2). The
incidence and mortality rates of LC are relatively low in
individuals under 45 years of age, but increase with age (1).
In China, LC has a higher prevalence in men than in
women, with crude incidence rates of 61.9/100,000 and
29.5/100,000, respectively (1). A Shanghai study estimated
that the crude incidences of non-small cell lung cancer
(NSCLC) in men and women were 55.9/100,000 and
52.4/100,000, respectively; this would suggest that NSCLC
accounts for ~90.3% of LCs reported in Chinese men (3).
Historically (2011 and 2014 data), LC mortality rates have
been higher in men than in women (2,4).

Data from the US Surveillance, Epidemiology, and End
Results (SEER) database (2014 data), show that 22% of LC
patients had advanced disease that had spread to regional
lymph nodes, while 57% had metastasized cancer (5).
Similarly, in China, most cases of LC are diagnosed at
an advanced stage (6). A Chinese study of patients with
NSCLC, indicated that stage IIla and IIIb/IV accounted
for 12.9% and 63.5% of patients, respectively, for whom
the tumor stage was known (1,734/5,099 patients) (3). The
majority of Chinese patients diagnosed with LC receive
treatment according to the China Expert Consensus on the
Diagnosis and Treatment of Advanced Stage Primary Lung
Cancer (2016 version), a framework developed in parallel
to international guidelines (7). The guidelines for the
treatment of NSCLC recommend molecular pathology
methods for the detection of epidermal growth factor
receptor (EGFR) or anaplastic lymphoma kinase (ALK)
gene mutations (7,8). Systemic therapy, including molecular
targeted treatment and chemotherapy, is the recommended
first-line treatment for advanced NSCLC (8).

Small cell LC (SCLC), which accounts for approximately
15% of LCs in China (9). is a fast-developing, rapidly
invasive cancer. At the time of diagnosis, >70% of SCLC
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patients have metastasis, and the survival rate is low (9).
Chemotherapy, including cisplatin-etoposide (EP),
carboplatin-etoposide (EC), irinotecan-cisplatin (IP) and
irinotecan-carboplatin IC, is the standard therapy for
patients with extensive-stage (ES) SCLC (5).

Few large-scale national surveys have explored the
treatment patterns, real-world outcomes, and direct economic
burden of LC in China. A retrospective study using data from
the Guangdong Lung Cancer Institute revealed treatment
disparities among advanced NSCLC patients, most notably
in the second-line setting (10). Shi et a/. investigated SCLC
treatment patterns in clinical practice across 12 medical
centers, in 5 major Chinese cities (11). They concluded that
the treatment options used in these hospitals were consistent
with those of international recommendations (11).
Site-based retrospective studies have examined real-world
outcomes and the use of healthcare resource in China. In
these studies, median overall survival (OS) was estimated
to range from 13-17 months for patients with stage IIIb
LC and from 8.4-24 months for patients with stage IV
LC (12-17). Several studies that investigated the direct
economic burden of LC in China report an estimated
length of hospital stay in the range of 10.6-45.6 days, as
well as inpatient expenses ranging from 8,816-58,512 RMB
($1,280.3-8,495.5 USD), which accounted for 81.5-85.2%
of the direct economic burden (18-28).

Due to small sample sizes and a lack of geographical
representation, current research in this area is limited in its
application for evidence-based decision-making. This study
aims to be the first large, multi-center, non-interventional
retrospective study of treatment patterns, real-world
outcomes, and direct medical costs among Chinese patients
with advanced/metastatic NSCLC or ES-SCLC. This study
protocol highlights the methodology to be used and the
resulting study data will provide a baseline for comparison
of treatments introduced since the 2017 data collection
point.

Methods
Design

This study will enroll 8,800 patients from 35-50 sites
in China. Inpatient and outpatient hospital information
systems (HIS) and electronic medical records will be
retrospectively reviewed, with a focus on patients diagnosed
with advanced/metastatic NSCLC (IIIb/IV) or ES-SCLC
between 1 December 2013 and 30 November 2014. The
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index date is the date of diagnosis of IIIb/IV NSCLC or ES-
SCLC, and each patient will be retrospectively observed for
a period of 3 years from this date (from 1 December 2013 to
30 November 2017). For patients with recurrent disease or
progression from early-stage disease, early-stage treatment
patterns will be examined from 1 December 2010.

Study objectives (data variables: Table 1)

Primary objectives

() To ascertain the treatment patterns of subgroups
of patients with advanced/metastatic LC [advanced
NSCLC (ITIb/IV)] in China.

(II) To determine which patients receive systemic anti-
cancer treatment (chemotherapy or biologic/targeted
therapy), as well as the proportion of patients that
receive second-, third-, and fourth-line systemic
therapy.

(IIT) To describe the agents/regimens received, treatment
duration, and completion rate for each line of therapy.

Secondary objectives

() To describe patient demographics and disease
characteristics at baseline and at the beginning of
each line of therapy, with stratification by histology,
staging, age, geographic region, and type of health
insurance.

(II) To describe OS by histology and line of therapy, the
use of cancer-directed treatments (including surgery,
radiation, and supportive care), the interval between
each line of therapy, and LC-related healthcare costs.

Exploratory objectives

To explore the overall predictors of treatment patterns and
outcomes of patients with advanced/metastatic LC and
ES-SCLC, and early-stage treatment patterns prior to the
enrolment period for patients with recurrent disease or
progression from early-stage disease.

Inclusion criteria
Patients will be selected for inclusion based on the following
criteria:

(I) Histology-confirmed advanced NSCLC (IITb/IV)
and ES-SCLC with pathology/cytology recorded
between 1 December 2013 and 30 November 2014;

(II) Receiving treatment as described here as (i) a
hospital inpatient, (ii) a hospital outpatient or (iii)
an outpatient at a chemotherapy center:
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(@) Received systemic LC treatment as an
inpatient, visiting a selected site more than
twice (e.g., for diagnosis and treatment).

(b) Alternatively, for hospitals with outpatient
records, patients who received oral tyrosine
kinase inhibitor (TKI) therapy, and routinely
followed up (more than twice a year)
outpatients will be included.

(¢ For hospitals with an outpatient
chemotherapy center, patients will be included
if they were prescribed chemotherapy and
routinely (more than twice a year, inclusive)
followed up in the hospital as an outpatient.

(III) >18 years of age at initial diagnosis of IIIb/IV

NSCLC and ES-SCLC.

Exclusion criteria
Patients will be excluded from the study if they meet any of
the following criteria:

(I) Patients who have participated in or are attending
clinical trials of LC therapies;

(II) Unknown initial diagnosis time or initial treatment
time;

(IIT) For hospitals without an outpatient chemotherapy
center, patients who were prescribed chemotherapy
but have no inpatient records;

(IV) Patients who received therapy as an inpatient on
one occasion but were not routinely followed up as
an outpatient, having fewer than 2 visits to receive
inpatient care per year.

Data collection

The selection of hospitals (~35-50 hospitals) will be
geographically representative, by including sites located
in developed and developing cities in different regions
of China. Following feasibility assessment, sites will be
selected from the National Centre of Cancer Registry Data
will be sourced from inpatient and outpatient records, with
the lead site being responsible for checking the quality
of the data and ensuring completeness of outpatient and
inpatient records from surgical and internal medicine
oncology departments. Oral therapies, such as TKIs, may
be prescribed in both inpatient and outpatient settings
in China; usually intravenous chemotherapy is received
by inpatients, but some large hospitals have outpatient
chemotherapy centers to increase efficiency. Figure 1
illustrates the study timeline for patients with an initial
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Table 1 Outcome/endpoint variables

Patterns of chemotherapy and biologic therapy
* Treatment patterns will be analyzed based on histology and lines of treatment, as well as for predictive factors
* The frequency and duration of treatment will be determined for each line of treatment

* Alist of the agents and regimens used will be compiled, with an investigation into the most common chemotherapy and biologic
therapy regimens

Line of therapy

¢ First-line therapy: therapy received during the first 28 days after the initiation of treatment, with the number of cycles per regimen
counted as intravenous (IV) administrations or prescription fills

* Maintenance therapy: therapy delivered after >4 cycles of first-line treatment without disease progression and subsequent treatment
being initiated within 6 weeks of first-line therapy

* Second-line therapy: therapy received after >4 cycles of first-line treatment with a time gap of >6 weeks without
chemotherapy/biologic treatment between 2 consecutive cycles of > 6 weeks; or if after <4 weeks of first-line therapy, a new
treatment (that was not included in the first-line regimen) was administered, regardless of the length of time since the end of the
first-line therapy. If one product from a combination regimen was discontinued, this did not constitute a change in the line of therapy

¢ Third-line therapy: a new line of therapy received after =4 cycles of second-line treatment with a time gap of > 6 weeks without
chemotherapy/biologic treatment; or if after <4 cycles of second-line therapy, a new treatment (that was not included in the
second-line regimen) was administered regardless of the length of time since the end of the second-line therapy. If one product from
a combination regimen was discontinued, this did not constitute a change in the line of therapy

¢ Fourth-line and beyond: A gap of > 6 weeks in third-line therapy, or evidence of the administration of systemic therapy (excluding any
agents used in the third-line regimen), regardless of the length of time since the end of the third-line therapy.

Duration of systemic therapy
¢ Determined by calculating the difference between the initial and last date at which the first drug of a regimen was administered
Treatment modification

¢ Defined as; dose reductions, treatment interruptions (temporary pause in treatment with intent to resume), and treatment
discontinuation. Where available, the reason for the modification will be noted

Overall survival

¢ |Interval between the date of diagnosis and the date of death (stratified by histology at diagnosis and from time of initiation of
systemic therapy)

* Deaths will be verified using death certificate searches at sites, reports from caregivers, relatives, or other healthcare providers
* The in-hospital mortality rate will be calculated first, followed by analysis of overall survival
¢ Analyzed for each line of therapy and key treatment regimens
* Use of other cancer-directed therapies
* Surgery
* Radiation therapy
¢ Traditional Chinese medicine
Use of BSC and palliative care

* Best supportive and palliative care are intended to alleviate pain, relieve symptoms, improve quality of life, and enhance the
compliance of anti-cancer treatment

Ancillary procedures

* The frequency of ancillary procedures, such as biopsies and biomarker tests, will be documented and analyzed, overall and for each
line of therapy

Total direct health care costs
* Post-index direct health care costs will be calculated for each patient, overall, and for each line of therapy

¢ Total direct cancer-related costs will be stratified by inpatient and outpatient status
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Figure 1 Study timeline for patients with an initial diagnosis of late-stage cancer.

diagnosis of late-stage cancer.

For patients with recurrent or progressive late-stage
disease, the study will review the surgical treatment history
from 1 December 2010 to the time of late-stage diagnosis
(Figure 1; guidelines recommend surgery for patients with
advanced NSCLC who show a good response to targeted
therapy or chemotherapy as well as for patients with a single
metastatic site) (8). As the sites of internal oncological care
and where surgery is performed may differ, treatment histories
for multiple sites may be obtained. Data will be collected
at three specific time points: at baseline (diagnosis), and at
6 months and 1 year after diagnosis/initiation. Figure I shows
the timeline for data collection. Depending on the time of
diagnosis, the initiation, observational, and data collection
periods may differ among patients. Observation will end 3
years after study initiation or on the death of the patient.

Data source and management

The China HIS will serve as a data source. HIS is an
information management system that is widely used
in Chinese hospitals, which was designed to manage
administrative and clinical functions. Eligible patients
will be identified using HIS, electronic medical records
(EMRs), and/or chart review. Figure 2 illustrates the patient
screening and data extraction process.
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Study variables

Primary outcomes and endpoints of interest include:
patterns of chemotherapy and biologic therapy use; OS; the
use of other cancer-directed therapies, best supportive care
(BSC) and palliative care; ancillary procedures; and direct
healthcare costs. The patient outcomes and endpoints
will be assessed at initial diagnosis and during the post-
diagnostic follow-up (including during treatment with first-
line-, maintenance-, and all subsequent lines of -therapy,
where applicable). Patients will be censored at the end of a
data stream. Further details on these variables are shown in
Table 1, with additional information detailed in Table S1.

Independent variables of interest include patient
demographics and risk factors, disease profile (including
time of diagnosis, histology, staging, and mutation status),
admission/discharge status, information relating to the
hospital type and size, and the treating department. These
data will be collected where available, and any missing data
and the resulting potential impact will be documented.

Statistical analysis

Statistical analyses will be performed using SAS version
9.3 statistical software (SAS Institute Inc., Cary, North
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Figure 2 Depiction of the patient screening and data extraction process.

Carolina, USA) with an a priori significance level set at 0.05.
For primary objectives, treatment patterns will be analyzed
according to histology, stage, line of therapy (first-line,
maintenance, second-line, and beyond), age, region, and type
of health insurance. Categorical variables will be presented
as percentages, while continuous variables will be reported
as mean, standard deviation (SD), median, and interquartile
ranges. To analyze the treatment duration of each line of
therapy, Kaplan-Meier (KM) curves will be estimated, using
the date of the first dose administered as the initiation date
and the date of the last infusion or projected final oral dose
as the end date (whichever comes first).

For secondary objectives, patient demographics, disease
characteristics, adjusted and unadjusted hospital charges,
and other cancer-directed therapies will be presented using
descriptive statistics. KM survival curves will be used to
estimate survival probability for each patient, and Cox-
proportional hazards models will be used to examine
whether differences in patient OS between regimens or
treatments can be accounted for by controlling baseline
demographics and clinical variables.

Exploratory objectives will be analyzed using multivariate
logistic regression models to identify which observed
patient and clinical factors are predictive of specific events
associated with treatment patterns. Separate models will
be used to analyze impacts of chemotherapy on treatment
pattern associated events (versus any other cancer-directed
treatment, among patients who received cancer-directed
treatment). Multivariate generalized linear models (GLMs)
will be generated to assess cost drivers for patients who
received some form of cancer-directed therapy.

© Translational Lung Cancer Research. All rights reserved.

Mean and 95% confidence intervals (Cls) for proportions
of patients receiving a particular treatment pattern (e.g.,
second-, third- and fourth-line) will be calculated for a
sample size of 8,800 patients. In a descriptive setting, the
sample size is related to the level of precision in estimating
the primary outcomes. For this study, the intended analyses
for the primary objectives are only descriptive; therefore,
the precision of any estimates (i.e., the size of the Cls) will
be affected by the sample size. Several descriptive objectives
explore the treatment pattern of second-line therapy. To
ensure sufficient power for the smallest histologic group,
the proportion of patients receiving a certain regimen in
second-line SCLC therapy will be used to calculate the
subgroup sample size and back-calculate the total sample
size based on the subgroup percentage.

Ethics approval

This observational study will be conducted in accordance
with International Society for Pharmacoepidemiology
(ISPE) Guidelines for Good Pharmacoepidemiology
Practices and the applicable regulatory requirements.
Prior to the initiation of the study, Ethics Committee/
Institutional review board approval will be obtained, as will
the informed consent of patients, in compliance with the
relevant laws and regulations.

Discussion

In Western countries, the incidence of LC is declining; in
contrast, over the past few decades, China has experienced
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an increase in the incidence of LC, which has been
attributed to tobacco use and air pollution (29). Consistent
with Western countries, adenocarcinoma has replaced
squamous cell carcinoma as the predominant type of LC
in China (29-32). The incidence of EGFR mutations in
Chinese LC patients is in the range of 40.3-64.5% for those
with adenocarcinoma and 28.4% for NSCLC, which is far
higher than the incidence of 3.0-42.0% seen in European
and North American patients with NSCLC (29,33).
Current treatment practices focus on recommendations
from the China Expert Consensus on the Diagnosis and
Treatment of Advanced Stage Primary Lung Cancer (2016
version) (8); however, there is still a need for reports on
real-world outcomes that can guide evidence-based clinical
practice and provide information on unmet clinical needs.
These real-world data have the potential to contribute
towards a strategy that will improve the quality of care for
patients with LC in China.

Although some previous studies have focused on LC
treatment patterns, real-world outcomes, and health care
utilization in China, none of the literature, to date, has
successfully captured all parameters on a large scale, in a
geographically representative manner (11,18-28). With
the aim of addressing this knowledge gap, this study
is appropriately powered according to the descriptive
objectives and the optimal sample size determined. It has
been designed to include data collection from a wide range
of geographical sites, ensuring the inclusion of undeveloped
and developed areas. The selection of a geographically
representative cohort of patients and hospitals will minimize
the potential selection bias, and by its design, this protocol is
likely to capture a relatively complete snapshot of treatment
patterns and outcomes among LC patients in China.

This study will reflect real-world treatment patterns
and outcomes and, importantly, the direct medical costs
that potentially have a substantial impact on the national
healthcare system. Given the retrospective nature of the
study and the difficulty in collecting comparable accurate
and meaningful safety data for different treatments,
comparisons of drug safety will not be made in this
study. It is expected that this study will provide a deeper
understanding of any unmet medical needs, through its
identification of potential treatment gaps between current
practice and guideline recommendations. This may allow
areas for improvement to be identified in clinical practice
and resource allocation for LC treatment. Furthermore,
the robust, large-scale methodology of this protocol will
enable the analysis and evaluation of pre-immuno-oncology
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(IO) treatment patterns and the real-world implications in
NSCLC and SCLC. By doing this, we anticipate that this
study will set a benchmark for future studies and could even
pave the way for post-IO comparisons in China.

This study is not without limitations. The use of HIS as
a primary data source limits access to additional information
such as socioeconomic status, health behaviors, and quality-
of-life. Differences in inter- and intra-hospital practices
may contribute to variations in data, and in large hospitals,
where the enrolment population may contain a higher
proportion of patients with severe disease, there is also
potential for OS bias.

Conclusions

In conclusion, here, we have presented the protocol for
the first large-scale, geographically representative study to
examine the treatment patterns, real-world outcomes, and
direct medical costs of patients diagnosed with advanced/
metastatic NSCLC or ES-SCLC in China.
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