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Abstract
Background: Jiangsu Province, China, is highly developed economically and cul-
turally, and has a high prevalence of lung cancer. We aimed to evaluate the diag-
nostic procedures, genetic aberration analysis status, and first-line treatment
models of lung cancer in Jiangsu Province.
Methods: Lung cancer patients diagnosed in 2016 at 22 tertiary care hospitals
were evaluated. Demographic characteristics, tumor histology, staging, family his-
tory of lung cancer, auxiliary examinations, genetic testing, and first-line treat-
ment were collected on discharge. Diagnostic and treatment data were analyzed
by descriptive statistics.
Results: A total of 928 patients were enrolled. Chest computed tomography was
the most frequently used diagnostic method; pathology diagnosis was carried out
by transbronchial lung biopsy and transthoracic needle aspiration. Stage T1-
2N0M0 small-cell lung cancer patients experienced surgical resection, and others
received cisplatin and etoposide chemotherapy. Stage I and stage II non-small
cell lung cancer patients experienced surgical resection; stage III and stage IV
patients received cisplatin and pemetrexed chemotherapy as first-line treatment.
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Thoracic Cancer 9 (2018) 376–383 Detection of epidermal growth factor receptor (EGFR) mutations occurred in
29.9% of non-selective, 36.5% of locally advanced or metastatic, and 42.1% of
advanced non-squamous non-small cell lung cancer. The overall EGFR-positive
rates were 49.0%, 52.5%, and 53.9%. A total 72.0% of patients with EGFR muta-
tions were treated with tyrosine kinase inhibitors.
Conclusion: Chest computed tomography was the most commonly performed
diagnostic method for lung cancer. First-line treatment was primarily determined
by disease stages and EGFR mutation status, with few expectations.

Introduction

Lung cancer is the most prevalent cancer and the leading
cause of cancer-related death in China, including Jiangsu
Province.1 With the rapid development of precision medi-
cine, molecular targeted therapy and immunotherapy are
exhibiting their superiority in the treatment of lung cancer.
However, a lack of publicity of new technologies, standard
diagnosis, and treatment procedures have hindered the
development of precision individualized treatment of lung
cancer.
A national survey of doctors in 12 major cities in China

for the medical treatment status of non-small cell lung can-
cer (NSCLC) in 2012 revealed 53.2% patients received
first-line therapy, and gemcitabine plus platinum was pri-
marily used (27.4%); epidermal growth factor receptor
(EGFR) gene mutation was analyzed in just 9.6% of
patients, whereas the positive rate was 46.8%; and targeted
therapy was used more commonly as salvage rather than
upfront therapy.2 Another retrospective study showed the
treatment disparity to the national treatment guidelines
was 45.3% in China in 2014.3 However, recent a multicen-
ter survey of stage IIIB/IV NSCLC in China showed that
chemotherapy was still the most common first-line regi-
men (72.5%), but pemetrexed plus platinum was predomi-
nant (70.2%); the detection rate of EGFR gene mutation
was 71.4% and the positive rate was 46.5%. Furthermore,
66.3% of patients with positive EGFR gene mutation were
treated with EGFR-tyrosine kinase inhibitors.4 This shows
the treatment model in China has changed in recent years.
However, all these national studies were conducted in
major cities with advanced medical technology, which can-
not reflect the real situation in some small cities and rural
areas.
Jiangsu is a province with great imbalance in medical

facilities and clinical practice. In order to obtain the whole
picture of diagnosis and treatment of lung cancer in
Jiangsu Province, we conducted a multicenter survey to
investigate the diagnostic procedures, gene aberration test
status, and first-line treatment models of lung cancer in
Jiangsu Province.

Methods

Study design

This retrospective, cross-sectional, observational study
included newly diagnosed, treatment-naïve lung cancer
patients in Jiangsu Province. Patient demographics, and
clinical characteristics, tumor histology, disease stage, fam-
ily history of lung cancer, Eastern Cooperative Oncology
Group (ECOG) Performance Status (PS), auxiliary exami-
nations, gene aberration testing, and first-line treatment
were retrieved from medical records one to two days after
hospital discharge. The protocol was approved by the
Research Ethics Committee of the Jinling Hospital, Nan-
jing, Jiangsu Province, China.

Study population and sample size
calculation

Patients with an initial pathological lung cancer diagnosis
between 1 March 2016 and 1 May 2016 were enrolled.
Patients who were aged ≤18 years or ≥85 years, were out-
patients, and had previously been treated for lung cancer
were excluded.
The sample size calculation assumed an EGFR mutation

rate of 25% for East Asian populations, an allowable error of
10%, and loss of 5–10% of enrolled patients because of miss-
ing data or other errors. The requisite cross-sectional sample
size was N = Zα/2 P (1-P) / d2 = 1.962 × 0.25 × (1 –
0.25) / (0.025)2 = 1152, and indicated the requirement of
1300 patients.

Data collection

Patient information was retrieved from the medical records
at 22 tertiary care hospitals and recorded on schedules
designed in advance. Two copies of each patient schedule
were jointly completed by a study investigator and a physi-
cian, and were checked for accuracy and completion by a
clinical inspector. One copy was used for data entry and
management; the other was filed at the research unit.
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Following Good Clinical Practice guidelines, patient sched-
ules and source records were maintained by the research
unit until conclusion of the study.

Statistical analysis

Data were independently entered into a database and
checked by an administrator. Discrepancies were corrected
and updated by the clinical inspector, a study investigator,
and the data administrator. Data analysis and database
lock were jointly conducted by the data administrator,
study investigators, sponsors, and statistician. Mean �
standard deviation, minimum, and maximum values were
reported for continuous variables, and proportional values
were reported for categorical variables. Descriptive statis-
tics were performed using SPSS version 20.0 (IBM,
Armonk, NY, USA).

Results

Patient demographics and clinical
characteristics

A total of 928 patients from 22 comprehensive and special-
ist hospitals in Jiangsu Province were enrolled. Table 1
shows the patient demographic and clinical characteristics.
The mean age at diagnosis was 64.05 � 10.29 years (range
21–96 years); half the patients were aged 58–71 years. Of
these, 71.9% were men, 41.3% were never-smokers, and
1.5% had family history of lung cancer. Adenocarcinoma
was diagnosed in 48.5% of the patients, squamous carci-
noma in 22.0%, and small cell lung cancer (SCLC) in
13.9%. The proportion of male patients with SCLC was
higher than that in NSCLC (P = 0.04; data was not given),
which may be related to smoking. In patients with known
TNM stages, 8.2% were stage I, 6.6% stage II, 12.9% stage
IIIA, and 72.3% stage IIIB/IV. Symptoms included fever in
11.9% of patients, irritating cough in 56.8%, blood in spu-
tum in 29.8%, shortness of breath in 28.0%, and chest pain
in 25.3%. A total of 66.7% had an ECOG PS ≤1, only 1.9%
of them were ECOG PS ≥3, and 21.3% had no record of
ECOG PS (Table 1).

Diagnostic procedure for lung cancer

Chest computed tomography (CT), the preferred method
for primary diagnosis, was used with 94.7% of patients at
high risk of lung cancer. Other diagnostic methods
included chest X-ray in 21.3% of patients, positron emis-
sion tomography CT in 14.5%, ultrasound in 25.4%, and
radioisotope scanning in 31.8%. Pathological evaluation
included bronchoscopic inspection for central lesions,
including transbronchial lung biopsy in 24.0%,

transbronchial needle aspiration in 2.8%, and endobron-
chial ultrasonography transbronchial needle aspiration in
4.8% of patients. Transthoracic needle aspiration was used
in 24.6% of patients and was preferred for peripheral
lesions because it can be performed quickly, is less invasive,
and has few complications. Thoracentesis was performed
in 13.3% of patients, and superficial lymph node biopsy
(3.4%), pleural biopsy (1.1%), and endoscopic procedures,
such as mediastinoscopy (0.2%) and thoracoscopy (1.5%),
were rarely used (Fig 1).

Table 1 Demographics and clinical characteristics of patients

Characteristics
All patients (n = 928)

n (%)

Age (years)
Mean (min., max.) 64.05 � 10.29 (21, 96)

<58 213 (23.0)
≥58, <71 466 (50.2)
≥71 249 (26.8)

Gender
Male 667 (71.9)
Female 261 (28.1)

Smoking status
Current Smoker 157 (16.9)
Former Smoker 194 (20.9)
Never Smoker 383 (41.3)
Unknown 194 (20.9)

Family history of lung cancer
Yes 14 (1.5)
No 824 (88.8)
Unknown 90 (9.7)

Histological subtypes
Adenocarcinoma 450 (48.5)
Squamous carcinoma 204 (22.0)
Small cell lung cancer 129 (13.9)
Unknown 114 (12.3)
Other 31 (3.3)

Stage
Stage I 67 (7.2)
Stage II 54 (5.8)
Stage IIIA 103 (11.1)
Stage IIIB/IV 587 (63.3)
Unknown 117 (12.6)

ECOG PS
0 401 (43.2)
1 218 (23.5)
2 93 (10.0)
3 18 (1.9)
Unknown 198 (21.3)

Symptoms
Irritable dry cough 527 (56.8)
Blood in sputum 277 (29.8)
Chest pain 235 (25.3)
Fever 110 (11.9)
Shortness of breath 260 (28.0)

ECOG, Eastern Cooperative Oncology Group; max., maximum; min.,
minimum; PS, performance status.
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SCLC

Molecular profiles were rarely reported for SCLC patients,
because genetic aberrations are infrequently found in this
patient subgroup. Of the 129 SCLC patients, 18 had detec-
tion of EGFR mutations and seven of ALK fusion. A total
of 10 patients had a positive EGFR mutation, and none
had ALK fusion (Table 2). Of the eight patients who took
EGFR tyrosine kinase inhibitors (TKIs), seven were EGFR
mutation-positive, one was negative; six took gefitinib, and
two took erlotinib.
Of the 88 patients with known TNM stages, six were

T1-2N0M0, but only one of them had a standard lobec-
tomy plus adjuvant chemotherapy. Two had wedge re-
section or segment resection. The remaining three did not
have surgery, but one had radiotherapy, one was trans-
ferred, and one was not treated. Of the 15 patients with
limited stage in excess of T1-2N0M0 (PS 0-2), 10 had
first-line chemotherapy, and two had first-line radiother-
apy, but with no information of subsequent adjuvant
therapy. Two others underwent molecular-targeted ther-
apy or combined surgery and chemoradiotherapy. Of the
108 patients with extensive stages, 63.0% (68/108) were
treated with first-line chemotherapy, four of whom had

concurrent radiotherapy; 21.3% (23/108) refused treat-
ment, possibly because of the cost (Table 3). First-line
chemotherapy was a platinum plus etoposide regimen in
66.7% of patients, and 73.1% of those regimens were cis-
platin and etoposide (Fig 2).

NSCLC

First-line treatment based on stages
Surgery was the first-line treatment of 72.5% (37/51) of
stage I and 51.2% (22/43) of stage II NSCLC patients. In
the stage I subgroup, 17.6% (9/51) of patients, and in the
stage II subgroup, 20.9% (9/43) of patients were not treated
at diagnosis, and were either transferred to other hospitals
or went home due to monetary constraints. The remaining
patients were treated with single chemotherapy, radiother-
apy, or targeted therapy, and not surgery. In the stage III
group, 44.0% (33/75) of patients with stage IIIA disease
and 49.1% (28/57) with stage IIIB disease received first-line
chemotherapy. A total of 26.7% (20/75) of stage IIIA
patients received first-line surgery; 25.3% (19/75) of stage
IIIA and 35.1% (20/57) of stage IIIB patients were not
treated or transferred to other hospitals. Of the stage IV
patients, 46.8% (181/387) were treated with first-line che-
motherapy, and 19.9% (77/387) received targeted therapy;
20.9% (81/387) refused treatment, and 5.9% (23/387) were
transferred to other hospitals with more advanced medical
resources (Table 4).

First-line treatment based on EGFR mutation
status
EGFR mutations were sequenced in 29.9% (204/683) of
patients with non-selective NSCLC, 36.5% (162/444) with
locally advanced or metastatic NSCLC (stage IIIB/IV),
and 42.1% (141/335) with advanced non-squamous
NSCLC. The positive mutation rates were 49.0%, 52.5%,
and 53.9%. ALK fusion, c-MET amplification, ROS1 fusion
and RET rearrangement occurred in three out of 95, three
out of 10, five out of 25, and zero out of three patients
(Table 2). Coexisting EGFR mutation, c-MET amplifica-
tion, and ROS1 fusion were discovered in one patient,
and double mutations including ALK and ROS1 fusion,
EGFR mutation and c-MET amplification, and EGFR
mutation and ROS1 fusion were observed in three
patients. These four patients were all aged >60 years and
did not have underlying diseases, or a family history of
lung cancer.
Of the 100 patients with EGFR mutations, 72.0%

(72/100) were treated with first-line EGFR-TKIs, including
gefitinib (70.8%), icotinib (15.3%), and erlotinib (8.3%).
Four patients received TKIs, but the drug name was not
specified (Table 5). For patients with negative or unknown
EGFR mutation status, chemotherapy was the preferred

Figure 1 Diagnostic procedure of lung cancer in Jiangsu Province,
China. CT, computed tomography; EBUS-TBNA, endobronchial ultraso-
nography TBNA; MRI, magnetic resonance imaging; PET-CT, positron
emission tomography-CT; TBLB, transbronchial lung biopsy; TBNA,
transbronchial needle aspiration; TTNA, transthoracic needle aspiration;
US, ultrasound.
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first-line treatment, given to 44.8% (261/583) of patients.
Just 5.7% (33/583) of patients accepted treatment with
EGFR-TKIs.
In 93.8% of patients (255/273), first-line chemotherapy

was a platinum-based doublet regimen; four received a
triplet regimen, consisting of platinum-based doublet regi-
mens plus angiogenesis inhibitors. Pemetrexed constituted
the main component of doublet regimens, used in 42.0% of
patients (107/255). The most common platinum agent was
cisplatin, used in 54.1% (138/255) regimens, carboplatin in
25.5% (65/255), nedaplatin in 18.8% (48/255), and lobapla-
tin in the remaining 1.6% (4/255) (Fig 3).

Characteristics of patients untreated/
transferred

In total, 263 patients (28.3%) were untreated/transferred at
diagnosis, with 193 being NSCLC, 31 SCLC, and
39 unknown; among patients with NSCLC, 122 had adeno-
carcinoma and 61 had squamous cell carcinoma; as for
stages, 14 patients were stage I, 10 stage II, 56 stage III,

Table 2 Genetic aberration analysis

Total (n = 928) NSCLC (n = 683) SCLC (n = 129)

Detection rate (%) Positive rate (%) Detection rate (%) Positive rate (%) Detection rate (%) Positive rate (%)

EGFR 242 (26.1) 121 (50.0) 204 (29.9) 100 (49.0) 18 (14.0) 10 (55.6)
ALK 111 (12.0) 4 (3.6) 95 (13.9) 3 (3.2) 7 (5.4) 0
c-MET 11 (1.2) 3 (27.3) 10 (1.5) 3 (30.0) 0 0
ROS1 26 (2.8) 5 (19.2) 25 (3.7) 5 (20.0) 0 0
RET 3 (0.3) 0 3 (0.4) 0 0 0

ALK, anaplastic lymphoma kinase; c-MET, MET proto-oncogene; EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; RET,
RET proto-oncogene; ROS1, c-ros oncogene 1; SCLC, small cell lung cancer.

Table 3 First-line treatment of small cell lung cancer patients

T1-2N0M0 (n = 6) (%) Limited stages in excess of T1-2N0M0 (n = 15) (%) Extensive stages (n = 108) (%)

Surgery 3 (50.0) 1 (6.7) 7 (6.5)
Chemotherapy 0 10 (66.7) 68 (63.0)
Radiotherapy 1 (16.7) 2 (13.3) 1 (0.9)
Targeted therapy 0 1 (6.7) 3 (2.8)
Untreated/transferred 2 (33.3) 1 (6.7) 28 (21.3)

SCLC, small cell lung cancer.

Figure 2 First-line chemotherapy regimens of small cell lung cancer
patients. SCLC, small cell lung cancer. platinum + etoposide, plati-
num + pemetrexed, platinum + docetaxel, platinum + gemcita-
bine, platinum + irinotecan, etoposide, platinum + paclitaxel,
etoposide +oxaliplatin, nedaplatin, platinum + fluorouracil,
platinum + topotecan.

Table 4 First-line treatment of non-small cell lung cancer patients based on stages

Stage I (n = 51) (%) Stage II (n = 43) (%) Stage IIIA (n = 75) (%) Stage IIIB (n = 57) (%) Stage IV (n = 387) (%)

Surgery 37 (72.5) 22 (51.2) 20 (26.7) 1 (1.8) 10 (2.6)
Chemotherapy 2 (3.9) 10 (23.3) 33 (44.0) 28 (49.1) 181 (46.8)
Radiotherapy 1 (2.0) 1 (2.3) 1 (1.3) 0 2 (0.5)
Targeted therapy 1 (2.0) 0 2 (2.7) 7 (12.3) 77 (19.9)
Others† 1 (2.0) 1 (2.3) 0 1 (1.8) 13 (3.4)
Untreated/transferred 9 (17.6) 9 (20.9) 19 (25.3) 20 (35.1) 104 (26.9)

†Mainly referred to traditional Chinese medicine.

380 Thoracic Cancer 9 (2018) 376–383 © 2018 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

Status quo of lung cancer in China Y. Hu et al.



136 stage IV, and 47 stage unidentified. A total of
41 patients had EGFR gene mutation analysis and 12 were
positive, whereas 18 and four patients had ALK and ROS1
sequenced, respectively, and none was positive. The χ2-test
revealed no difference of age, sex, histopathology, stages,
and gene mutation between patients that received treat-
ment or not, except for the EGFR gene mutation rate
(P = 0.004) (Table S1).

Discussion

We investigated the prevalence of widely used auxiliary
diagnostic examinations and first-line treatments of lung
cancer patients in Jiangsu Province, China. Chest CT was
the most frequently used method for the screening and
diagnosis of lung cancer, in 94.7% of patients. Low-dose

CT (LDCT) is recommended for routine screening and
follow-up of lung cancer in high-risk populations because
of its many advantages, including the high rate of detecting
small lesions, elimination of overlapping structures, high
resolution, low radiation dose, noninvasiveness, and inex-
pensiveness.5 The US National Lung Screening Trial con-
firmed 20% reduction in lung cancer-related mortality in
selected high-risk populations, when screened by LDCT,
despite poor specificity, over-diagnosis, bias, and cost-
effectiveness concerns.6 Many people may be
concerned about the radiation dose of CT scanning.
However, re-analysis of the data from a 10-year LDCT
lung cancer screening study revealed that the cumulative
radiation dose was 9.3 mSv in men and 13.0 mSv in
women. Standard chest CT scanning exposure was
7–8 mSv, and it was 13–14 mSv for an abdomen-pelvic CT
scan. Only one lung cancer was induced by radiation expo-
sure for every 173 diagnosed patients. The safety of LDCT
was considered acceptable when compared with the
reduced screening-associated mortality.7 This means that
patients at high risk should be routinely screened by LDCT
for timely diagnosis of lung cancer, increased likelihood of
successful radical surgery, and improved quality of life.
Evidence of positive benefits of X-ray screening, sputum
cytology, or bronchoscopy screening on survival of patients
with lung cancer is lacking, but many hospitals in China
use X-ray screening of lung cancer, leading to
underdiagnosis.8

The overall rate of gene aberration analysis of 26.1% in
this study has increased in comparison with previous stud-
ies.2,9 This may be related to current guidelines that recom-
mended testing EGFR mutation status before selecting
optimal treatment regimens for patients with advanced
NSCLC10 the cost of genetic analysis is falling, and its avail-
ability is increasing; also, as the use of targeted therapy
increased, more and more patients became aware of it and

Table 5 First-line treatment of non-small cell lung cancer patients based on EGFR mutation status

EGFR mutation

Total (%)Negative (%) Positive (%) Null (%)

Targeted therapy
Gefitinib 4 51 9 64
Icotinib 1 11 13 25
Erlotinib 0 6 1 7
TKIs† 0 4 4 8
Crizotinib 1 0 0 1
Total 6 (5.8) 72 (72.0) 27 (5.6) 105 (15.4)

Chemotherapy 56 (53.8) 12 (12.0) 205 (42.8) 273 (40.0)
Others 14 (13.5) 6 (6.0) 92 (19.2) 112 (16.4)
Untreated/transferred 28 (26.9) 10 (10.0) 155 (32.4) 193 (28.3)
Total 104 100 479 683

†TKIs means the drug name was not specified. Others included surgery, radiotherapy, and traditional Chinese medicine. EGFR, epidermal growth fac-
tor receptor; NSCLC, non-small cell lung cancer; TKIs, tyrosine kinase inhibitors.

Figure 3 First-line chemotherapy regimens of non-small cell lung can-
cer patients. NSCLC, non-small cell lung cancer; TGO, tegafur gimeracil
oteracil potassium capsule. platinum + pemetrexed, platinum + doc-
etaxel, platinum + gemcitabine, platinum + etoposide, plati-
num + paclitaxel, pemetrexed, platinum + topotecan,
platinum + docetaxel + endostatin, docetaxel, platinum + cyclo-
phosphamide, cisplatin, paclitaxel, platinum + pemetrexed +
bevacizumab, carboplatin, endostatin, TGO, TGO + endostatin.
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began to ask for genetic analysis to determine whether TKIs
are indicated. However, this was far below the average coun-
trywide rate.4 On one hand, tertiary hospitals in major cities
that serve as study sites had higher adherence to guidelines
than other hospitals; on the other hand, not all the hospitals
were qualified for genetic aberration analysis; moreover,
patients in rural areas had more economic stress and were
less compliant. It is now widely known that the EGFRmuta-
tion rate was approximately 50% in China, which is consis-
tent with the findings of the present study.11,12 However, just
72.0% of EGFRmutation-positive patients in this study were
first-line treated with TKIs. Possible reasons include finan-
cial strains; TKIs not available for purchase in the study cen-
ters; and some patients in rural areas were unaware of
it. The ALK gene-related chromosomal rearrangement was
present in 3.6% of patients, which is consistent with the
1.5–6.7% in previous reports.13–15

Treatment disparities are inevitable because of regional
differences and the large size of the population in China,
even within a province like Jiangsu.3,16,17 Physicians in a
town or rural areas might be less well trained, and patients
there may be less well educated, and both of these may lead
to decreased adherence to guidelines. The Chinese popula-
tion is mobile, and individuals frequently change hospitals
and doctors, which leads to discontinuation of standard
therapy or initiation of non-standard treatments.18,19 In this
study, 22.7% of patients refused active treatment at diagno-
sis (transferred patients not included), with cost being the
predominant reason. Previously, TKIs were self-paying and
many patients could not afford them; however, beginning in
2017, gefitinib and icotinib were covered by medical insur-
ance, which would significantly increase the proportion of
patients receiving targeted therapy. Low educational attain-
ment and health awareness also contributed to the high rate
of treatment refusal. To improve this, health policy adminis-
trators should take steps to reduce social imbalance and
improve rural education. Physicians are duty-bound to con-
tinue training and improve skills; also, they should promote
and communicate basic knowledge of lung cancer to the
public with the assistance of advertising and public relations.
Finally, it is important that patients increase their health lit-
eracy and work with physicians to obtain optimal individu-
alized therapy.
Study limitations include recruitment at only tertiary

care hospitals, which may not be representative of primary
and secondary hospitals. Medical care in tertiary hospitals
is relatively more normative than that in primary and sec-
ondary hospitals. However, patients in China generally
understand that lung cancer is such a serious illness that is
best treated at “big hospitals.” Some patients diagnosed
with lung cancer at primary or secondary hospitals are
urged to transfer to tertiary hospitals for better treatment.
We thus believe that most lung cancer patients in Jiangsu

Province are treated in the tertiary hospitals that served as
study sites and that our results are reliable. However, out-
patients were not included, which may lead to study bias,
and the cross-sectional study design could describe only
the situation at the time of survey. Finally, only treatment
status was described, and evaluation of treatment response
and survival outcomes are necessary in further study.
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