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Purpose: To investigate the impact of oncogenic genetic alterations (GAs) on non-small- 
cell lung cancer (NSCLC) in southwestern China.
Patients and Methods: We first collected 579 pathologically confirmed NSCLC specimens 
and then used next-generation sequencing (NGS) to evaluate the DNA samples for GAs. 
Both the tissue and plasma samples were provided by 28 patients. Furthermore, subgroup 
analyses based on sample type, concordance, and GA type were carried out.
Results: GAs were detected by NGS in 61.8% (358/579) of patients. Two hundred and 
twenty-nine patients (39.6%) harbored EGFR mutations, 63 (10.9%) harbored KRAS muta-
tions, 13 (2.2%) harbored BRAF mutations, 30 (5.18%) harbored ALK fusions, and 13 
(2.2%) had ROS1 fusions. We found that females (p < 0.01), nonsmokers (p < 0.001), 
adenocarcinoma (p < 0.001), and tissue (p = 0.03) had a relatively high EGFR mutation rate. 
Notably, NSCLC patients from Xuanwei had a significantly different mutational pattern for 
EGFR in comparison with that of non-Xuanwei patients (higher G719X + S768I mutations 
and multiple gene alterations, but fewer exon 19 deletion mutations and single gene altera-
tions). We found that adenocarcinoma (p = 0.02), family history of malignancy (p = 0.03), 
Xuanwei origin (p < 0.001), and tissue (p = 0.04) were associated with a higher number of 
KRAS mutations. Subgroup analysis showed that ALK (p < 0.001) and ROS1 (p < 0.05) 
fusions and rare EGFR mutations (p < 0.001) were associated with non-Han ethnic patients.
Conclusion: Yunnan NSCLC patients from Xuanwei and non-Han ethnic patients had an 
obviously unique prevalence of GAs.
Keywords: non-small-cell lung cancer, oncogenic genetic alteration, next-generation 
sequencing

Introduction
Lung cancer is the most pervasive malignancy and causes high mortality world-
wide. The most commonly diagnosed cancers in China, in 2018, were lung cancers 
(774,323 new cases with an incidence of 35.10/100,000) and they were the domi-
nant causes of cancer-related death (690,567 deaths were estimated) in 2018.1 

Studies have shown that non-small-cell lung cancer (NSCLC) is the most common 
subtype of lung cancers.2 The treatment strategy of NSCLC has been revolutionized 
for the development of molecularly targeted therapy, in genomically defined subsets 
of patients. The identification of epidermal growth factor receptor (EGFR) 
mutations3 and anaplastic lymphoma kinase (ALK) fusions4 are classic examples 
of oncogenic genetic alterations (GAs). Two of these GAs are sensitivity to 
matched targeted therapies. The subsequent discovery of Ret proto-oncogene 
(RET) and ROS proto-oncogene 1 receptor tyrosine kinase (ROS1) translocations 
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as potentially treatable targets suggested that several chro-
mosomal translocations and corresponding gene fusions 
may serve as a driving force for NSCLC.5,6 The National 
Comprehensive Cancer Network (NCCN) guidelines 
recommend biomarker testing for GAs, including EGFR, 
ALK, B-raf proto-oncogene, serine/threonine kinase 
(BRAF), RET, v-Ki-ras2 Kirsten rat sarcoma viral onco-
gene homolog (KRAS), ROS1, and human epidermal 
growth factor receptor 2 (HER2).7,8

Yunnan province, with an average altitude of 2000 m, is 
located in the Yunnan-Guizhou Plateau in southwestern 
China. Xuanwei, a city of Yunnan region, is 6257 km2 and 
lies on a highland punctuated by mountain ridges. The total 
population of Yunnan province is approximately one million 
people. The rate of tobacco smoking is more than 40% for 
males but less than 0.1% for females in this region. Xuanwei 
has some local companies, engaging in industries including 
coal mining and electric power generation. However, over 
90% of the residents are peasants. Therefore, industrial pol-
lution is not a main factor causing lung cancers in this area. 
Lung cancers have been characterized in Xuanwei city: (1) 
Relatively high incidence and mortality rates of lung cancers 
in females who did not smoke; (2) In females, adenocarci-
noma is the major type of lung cancer.9,10 Former studies 
have indicated that the lung cancer rate in Xuanwei area of 
Yunnan region is higher than that in other places of China. 
Indoor air pollution caused by polycyclic aromatic hydro-
carbon (PAH)-containing smoky coal emissions is the pri-
mary reason for the high incidence and mortality of lung 
cancers.11,12 In Xuanwei city, the mortality rate of some 
regions has started to decrease; However, the total mortality 
rate of Xuanwei city remains high or even elevated.9 

According to this result, we assume that oncogenic factors 
are vital to the development of lung cancers in Xuanwei City. 
Based on a former study, we observed that the prevalence of 
(EGFR) mutation in Xuanwei was different from that in other 
populations (higher G719X, G719X+S768I, fewer exon 19 
deletions and L858R mutations).13 Therefore, it is important 
for us to determine whether the oncogenic GAs have local 
specificity in Xuanwei, as lung cancers have become a major 
health issue.

Currently, tumor tissue is the gold standard for the 
detection of oncogenic GAs, and these are usually acquired 
via surgery or biopsy. However, approximately 70% of 
NSCLC cases are diagnosed at an advanced stage and 
became ineligible to receive operation. Additionally, it is 
not feasible to execute repetitive biopsy, which can cause 
discomfort to NSCLC patients with recurrent cancer or 

acquired resistance to EGFR tyrosine kinase inhibitors 
(TKIs). Therefore, researches have confirmed that as 
a repeat biopsy of tumor tissue, noninvasive detection of 
oncogenic GAs in plasma circulating tumor DNA (ctDNA) 
is a viable method. Moreover, this method provides the 
similar genetic information as a tissue biopsy. During the 
course of therapy, it can be performed at any time, and 
dynamic monitoring of molecular changes is possible.14,15 

Thus, the prediction of the clinical outcome of EGFR-TKI 
treatment and the guide for further treatment of advanced 
NSCLC patients could be reinforced by continuous mon-
itoring of oncogenic GA dynamics in plasma ctDNA. Here, 
we use next-generation sequencing (NGS), which is an 
advanced method with efficient and economical detection 
of multiple genetic variations simultaneously and oncogenic 
GAs. High consistency between NGS and qPCR was ver-
ified and confirmed by Sanger sequencing, which indicates 
the clinical application prospects of NGS.16,17

Our center has had established oncogenic GA testing 
facilities (by NGS) since 2016; the data acquired from 
these methods can provide guiding information about 
local patients with NSCLC. The oncogenic GA status in 
NSCLC patients in Yunnan province is unclear, so we first 
revealed the oncogenic GAs of patients with NSCLC in 
Yunnan province and next explored the significance of 
NSCLC patients’ oncogenic GAs and advanced the effec-
tive guidance of clinical treatment.

Patients and Methods
Study Population and Samples
For the primary study population, we recruited NSCLC 
patients undergoing routine tumor genotyping from the 
Third Affiliated Hospital of Kunming Medical University 
between November 2016 and June 2019. All included 
individuals provided written informed consent. The study 
was approved by the ethics committee of the Third 
Affiliated Hospital of Kunming Medical University, com-
plying with the Declaration of Helsinki.

Enrolment criteria are 1) adult (>18 years) residents of 
Yunnan region and 2) eligible individuals with pathologi-
cally confirmed NSCLC and sufficient tissue or plasma for 
GA analysis.

Exclusive criteria are as follows: any specimens with 
possible contamination.

In total, 751 specimens from NSCLC patients were col-
lected, but only 579 patient specimens were involved in this 
research for various reasons (such as substandard quality or 
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incomplete information of some patients). The patient data 
were subgrouped according to age, sex, TNM stage, smoking 
history, family history of malignancy, histology, ethnicity, 
sample type, demographic, and Xuanwei origin.

DNA Extraction
Tissue samples were collected from surgical resection speci-
mens and biopsy specimens, and cytology was performed on 
pleural fluids. The AmoyDx tissue/pleural fluid DNA Kit 
(Amoy Diagnostics, Xiamen, China) was used to extract 
the tissue and cytological DNA, based on the manufacturer’s 
instructions.18 The patients’ blood samples were collected in 
tubes with 10 mL EDTA anticoagulant and centrifuged at 
2000 g and 8000 g for 10 min at 4°C within 2 hrs. The plasma 
supernatant was isolated, and DNA was immediately 
obtained. The Circulating DNA Kit (AmoyDx, Xiamen, 
China) was used to extract DNA from the plasma supernatant 
samples according to the manufacturer’s instructions.18

GA Analysis by NGS
For the NGS assay, the AmoyDx Essential NGS panel (rever-
sible terminator sequencing) was used for qualitative detection 
of single nucleotide variants, copy number variants, indels, and 
gene rearrangements in the lung panel (including EGFR, 
KRAS, RET, ROS1, ALK, NRAS, BRAF, MET, PIK3CA, 
and HER2) in NSCLC in accordance with the manufacturer’s 
instructions.16,17 Each result was qualified only when the sam-
ple coverage was more than 98%, the average original depth 
(Mean Depth) was more than 10,000× and the average effec-
tive depth (SSBCDepth) was more than 500×. The threshold of 
mutation frequency for mutation was 0.4%. The mutant copy 
number (DSBCDepth) was not less than 2.

Statistical Analysis
The correlation between GAs and clinical factors were ana-
lyzed by χ2 tests. Statistical data were used to calculate 
sample concordance regarding sensitivity, specificity, nega-
tive predictive value (NPV) and positive predictive value 
(PPV). All the statistics were performed by using SPSS 
19.0 software (SPSS IBM Corp., Armonk, NY, USA); two- 
side, p < 0.05 was considered statistically significant.

Results
Patient Characteristics
There were 579 consecutive patients, including 246 (42.5%) 
females and 333 (57.5%) males, enrolled in our study. These 
patients were between ages 29 and 89, with a median age of 

58 years. The most common histology was adenocarcinoma 
(n=524, 90.5%), and the others were squamous carcinoma 
(n=46, 8.0%), large cell carcinoma (n=1, 0.2%), and other 
kinds of NSCLC (n=8, 1.3%). Additionally, 62.3% of the 
patients were diagnosed with stage IV disease. Half of the 
patients (61.2%, 354 of 579) were non-smokers. The differ-
ence in smoking status is based on sex and pathological type. 
Patients who were males (p < 0.01) or who had squamous 
cell carcinoma (p < 0.05) appeared to be more likely to 
smoke. Twenty-eight (4.8%) patients had a family history 
of malignancy, and 119 (20.6%) patients were from Xuanwei 
city. Of the 36 young patients diagnosed with adenocarci-
noma at age <40 years, 18 (50.0%) were women, with 
a median age of 38 years (range 23–40 years), and 21 
(58.4%) never smoked. In the patient population, Stage IV 
cancer was more frequent in younger group than in older age 
(age > 40 years old, p = 0.02). However, there were no 
significant differences in the characteristics, such as sex 
distribution, histology, smoking, malignant family history 
or Xuanwei origin, between the young and the elder groups. 
Table 1 summarizes the primary patients’ characteristics.

Prevalence of Driver Alterations in 
Patients
The NGS assay detected GAs in 61.8% (358/579) of the 
patients. Through NGS genotyping, we identified a wide 
range of tumor-related changes (Figure 1). In addition, we 
identified driver mutations in 96.0% (344/358) of the 
patients; these mutations included common changes such 
as EGFR mutations, secondary EGFR resistance altera-
tions (20 insertions, MET amplification and T790M), rare 
mutations in EGFR, ALK fusion, MET exon 14 skip 
change, BRAF alteration, ROS1 fusion and RET translo-
cation, and nontransformable changes such as KRAS, 
HER2 and PIK3CA mutations (Figure 2).

Incidence of EGFR, KRAS, ALK, ROS1 and 
BRAF Alterations and Their Association 
with Demographic and Clinical Factors
The frequency of EGFR mutations in Yunnan patients 
with NSCLC and their relationship with clinicopatholo-
gical parameters are similar to those in other East Asian 
countries. We detected EGFR mutations in 229 (39.6%) 
NSCLC patients. The observed differences in EGFR 
mutation rates were based on smoking situation, sex, 
pathological type, and sample type. Females (p < 0.01), 
never-smokers (p < 0.001), adenocarcinoma status (p < 
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0.001), and tissue type (p < 0.03) appeared to be asso-
ciated with higher EGFR mutations. We detected KRAS 
mutations in 63 (10.9%) NSCLC patients. The differ-
ences in KRAS mutation rates were based on pathology 
type, TNM stage, family history of malignancy, region 
distribution, Xuanwei origin and sample type. It seemed 
that adenocarcinoma (p = 0.02), family history of malig-
nancy (p = 0.03), northeast region (p < 0.001), Xuanwei 
origin (p < 0.001) and tissue as the specimen source (p < 
0.04) were associated with a high frequency of KRAS 
mutations. Table 2 summarizes the incidence of EGFR, 
KRAS, ALK, ROS1 and BRAF alterations and their 
association with demographic and clinical factors.

ALK fusions are identified in 5.1% (30/579) of patient 
samples. The difference in the rate of ALK fusions is 
associated with patient age ≤ 40 years (p < 0.001) and non- 
Han ethnicity (p < 0.001). It seems that younger non-Han 
patients have a high likelihood of ALK fusions.

We detected ROS1 fusions in 13 (2.2%) of patient 
samples. The differences in the rate of ROS1 fusions 
were associated with non-Han ethnicity (p < 0.05). It 

seemed that non-Han ethnic patients had a high likelihood 
of ROS1 fusions.

BRAF mutations were identified in 2.2% (13/579) of 
patient samples. Differences in the rate of BRAF muta-
tions were associated with the sex of the patient (p = 0.01). 
It seemed that being female was associated with a high 
likelihood of BRAF mutations.

Prevalence of HER2, RET, PIK3CA, MET, 
NRAS and ERBB2 Alterations in Patients 
with NSCLC
Figure 1 indicates that 24 patients have HER2, PIK3CA, 
NRAS, ERBB2, MET and RET alterations. We identified 
HER2 mutations in 5 patients and PIK3CA mutations in 2 
patients. One patient carried PIK3CA mutations plus EGFR 
L858R and KRAS mutations. NRAS mutations were iden-
tified in 3 patients. Two patients carried NRAS mutations 
plus EGFR L858R, EGFR T790M and MET exon 14 skip-
ping alterations. ERBB2 mutations were identified in 1 
patient. MET exon 14 skipping alterations were identified 
in 6 patients. Two patients carried MET exon 14 skipping 

Table 1 Characteristics of 579 Patients with NSCLC

Characteristic No. of Patients (%)

Total Aged ≤40 Years Aged >40 Years P Smoking Nonsmoking P

No. of patients 579 36 543 225 354

Age: Median (range), y 58 (23–89) 38 (23–40) 59 (40–89) 58 (23–89) 58 (25–84)

Sex

Male 333 (57.5) 18 (50.0) 315 (58.0) 0.34 223 (99.1) 110 (31.0) <0.001a

Female 246 (42.5) 18 (50.0) 228 (42.0) 2 (0.9) 244 (69.0)

Histology
Adenocarcinoma 524 (90.5) 36 (100.0) 488 (90.0) 0.08 193 (85.7) 331 (93.5)

Squamous cell carcinoma 46 (8.0) 0 (0) 46 (8.4) 26 (11.5) 20 (5.6) <0.05a

Large cell lung carcinoma 1 (0.2) 0 (0) 1 (0.2) 1 (0.5) 0 (0.0)
NSCLC 8 (1.3) 0 (0) 8 (1.4) 5 (2.3) 3

Stage
I 84 (14.5) 3 (8.3) 79 (14.5) 0.02a 19 (8.4) 58 (16.3) 0.58

II 19 (3.3) 0 (0) 19 (3.5) 6 (2.6) 13 (3.8)

III 115 (19.9) 4 (11.2) 106 (19.5) 52 (23.2) 58 (16.3)
IV 361 (62.3) 29 (80.5) 339 (62.5) 148 (65.8) 225 (63.6)

Family history of malignancy
Yes 28 (4.8) 2 (5.5) 26 (4.8) 0.84 6 (2.6) 22 (6.2) 0.05

No 551 (95.2) 34 (94.5) 517 (95.2) 219 (97.4) 332 (93.8)

Xuanwei origin

Yes 119 (20.6) 3 (8.3) 116 (21.4) 0.06 53 (23.5) 66 (18.6) 0.15
No 460 (79.4) 33 (91.7) 427 (78.6) 172 (76.5) 288 (81.4)

Note: aThis p value indicates a statistically significant difference.
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alterations plus EGFR L858R, EGFR T790M and NRAS 
mutations. RET alterations were identified in 7 patients. 
Seven patients carried RET translocations, and one patient 
carried RET translocations plus EGFR G719X and EGFR 
S768I mutations. One patient carried RET translocations 
plus the EGFR G719X mutation and ALK fusion.

Tissue and Plasma Concordance
We provided plasma-based NGS to 28 patients who received 
tissue NGS genotyping at the center to assess tissue and 

plasma consistency. They are part of the 579 samples. GAs 
were detected in 24 (82.7%) samples, of which three har-
bored the EGFR exon 19 deletion, six harbored EGFR 
L858R, one harbored EGFR G719X, one harbored EGFR 
L861Q, two harbored EGFR G719X plus S768I, one har-
bored G719X plus L861Q, three harbored KRAS mutations, 
one harbored BRAF mutation, two harbored ALK fusions, 
three harbored ROS1 fusions, and one harbored RET trans-
locations. Some GAs (EGFR, ALK, ROS1, KRAS, MET, 
RET, BRAF and HER2) have been recognized among 

Figure 1 Plot of all alterations detected by next-generation sequencing (n =579).
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patients who were with plasma NGS-positive under the 
NCCN guidelines.18 The oncogenic driver alteration statuses 
of matched tissue and plasma are concordant for 21 patients 
(Table 3). Three inconsistent cases include KRAS mutations 
found in tissue NGS that were not identified in plasma NGS, 
RET translocations found in tissues that were not identified 
by plasma NGS, and KRAS mutations found in plasma NGS 
that were not identified by tissue NGS. The sensitivity of 
plasma-based ctDNA NGS is 91.3% (21/23), the specificity 
is 80.0% (4/5), the PPV is 95.45% (21/22), and the NPV is 
66.7% (4/6).

GA Status Among Patients with NSCLC
The EGFR mutation pattern in Yunnan region is consistent 
with that in other East Asian populations. In the Xuanwei 
subgroup, we found that the prevalence of EGFR mutation 
differs from that of the other population (G719X + S768I 
was higher, but exon 19 deletion mutations were lower) 
(multiple EGFR mutations were higher, but a single EGFR 
mutation was lower). Overall, we detected GAs in 358 
patients, and EGFR mutations in 229 patients. The most 
common EGFR mutations are the exon 19 deletion and the 
L858R point mutation observed in 67 (29.2%) and 60 

Figure 2 Genetic driver alteration identified by next-generation sequencing (n = 358).
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(26.2%), respectively. A single EGFR mutation was 
observed in 146 patients (63.7%), an EGFR combined muta-
tion was detected in 57 patients (24.9%), multiple gene 

alterations (EGFR mutation plus other GAs) were found in 
7 patients (3.1%), and a rare EGFR mutation was detected in 
19 patients (8.3%). Among 229 patients, 145 patients 

Table 2 Frequency of EGFR, KRAS, ALK, ROS1 and BRAF Alterations According to Clinical Characteristics

Total EGFR Mutations 
(+)

KRAS Mutations 
(+)

ALK Fusions 
(+)

ROS1 Fusions 
(+)

BRAF 
Mutations (+)

N P N P N P N P N P

Age (year)
≤ 40 years 36 15 0.78 3 0.81 7 <0.001a 3 0.05 1 0.72

> 40 years 543 214 60 23 10 12

Sex
Male 333 116 <0.01a 34 0.54 19 0.5 5 0.15 3 0.01a

Female 246 113 29 11 8 10

Histology
Adenocarcinoma 524 219 <0.001a 62 0.02a 29 0.38 11 0.79 13 0.48
Squamous carcinoma 46 4 0 1 2 0

Large cell lung carcinoma 1 1 0 0 0 0

NSCLC 8 5 1 0 0 0

Stage
I 77 38 0.25 18 0.09 2 0.45 0 0.88 3 0.88
II 19 9 3 2 0 0

III 110 30 8 5 5 2

IV 373 152 34 21 8 8

Smoking history
Never 354 153 <0.001a 37 0.67 17 0.6 8 0.8 9 0.54

Former/current 225 76 26 13 5 4

Family history of malignancy
Yes 28 10 0.23 7 0.03a 2 0.85 0 0.86 2 0.25

No 551 219 56 28 13 11

Region distribution
Central 148 63 10 5 2 3
East 68 29 5 1 3 1

Northeast 178 69 0.79 33 <0.001a 5 0.08 3 0.43 6 0.36

South 68 31 4 8 0 3
West 72 17 7 6 5 0

Northwest 45 20 4 5 0 0

Xuanwei origin
Yes 119 47 0.98 28 <0.001a 2 0.05 1 0.41 5 0.2

No 460 182 35 28 12 8

Ethnicity
Han 491 189 0.21 56 0.08 18 <0.001a 8 <0.05a 13 0.24
non-Han 88 40 7 12 5 0

Sample type
Tissue 244 109 0.03a 34 0.04a 12 0.8 4 0.4 7 0.38

Plasma 304 106 26 13 9 6

Cytology 31 14 3 5 0 0

Note: aThis p value indicates a statistically significant difference.
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(63.3%) had sensitizing mutations, 7 patients (3.0%) had 
resistant mutations, and 51 patients harbored both sensitiz-
ing and resistant mutations. Twenty-four patients had 
a single T790M mutation or its combined mutations (one 
with T790M, fourteen with 19 del + T790M, three with 
L858R + T790M, one with L858R + T790M + 20ins, two 
with L858R + T790M + NRAS + MET, and three with the 
L858R + T790M + rare mutation). Fifteen had never 
received EGFR-TKI therapy in these patients.

We also conducted a subgroup analysis to investigate 
whether the sample type, Xuanwei origin, age or ethnicity 
affected the distribution of GA types. Our study shows that 
the EGFR mutation type distribution originating from 
Xuanwei is different from that of other populations in 
Yunnan region. The prevalence of G719X + S768I mutations 
and multiple gene alterations is more common in the 
Xuanwei population than in other populations in Yunnan 
region. However, compared with other populations in 
Yunnan region, the mutation rate of exon 19 deletion in 
NSCLC patients with Xuanwei origin is lower (Table 4 and 
Figure 1). According to ethnicity, we found that a rare EGFR 
mutation was significantly more frequent in non-Han patients 
compared with Han patients, and the frequency of the G719X 
+ S768I mutation in Han patients was higher than that in 
non-Han patients. There was no difference in the distribution 
of GA types depending on the sample type and age.

Table 3 GAs Rates in Patients Who Provided Both Samples

Tissue

Plasma (+) (-) Total GA rate

(+) 21 1 22

(-) 2 4 6
Total 23 5 28 82.7%

Table 4 GA Type in Our Analysis

Xuanwei Sample Type Age Ethnicity

Yes No P Tissue Plasma P ≤ 40 >40 P Han non-Han P

N N N N N N N N

EGFR-sensitizing mutations
G719X 4 4 0.11 5 3 0.79 0 8 0.99 6 2 0.93

19-deletion 2 65 <0.001a 29 34 0.51 8 59 0.14 56 11 0.84

L861Q 4 0 0.69 3 1 0.64 0 4 0.61 4 0 0.8
L858R 9 51 0.33 25 30 0.48 0 60 0.08 52 8 0.44

G719X + L861Q 1 2 0.86 2 1 0.97 0 3 0.46 3 0 0.97
19-del + G719X 0 1 0.46 0 1 0.99 0 1 0.07 1 0 0.38

L858R + L861Q 0 2 0.86 2 0 0.49 0 2 0.28 2 0 0.77

EGFR resistance mutations
T790M 0 1 0.46 0 1 0.99 0 1 0.07 0 1 0.39

S768I 0 1 0.46 1 0 0.98 1 0 0.09 0 1 0.39
20-insertion 0 5 0.56 2 2 0.63 0 5 0.74 5 0 0.67

EGFR combinations of sensitizing 
and resistance mutations

19-del + T790M 0 14 0.12 3 9 0.08 2 12 0.57 13 1 0.52

L858R + T790M 0 3 0.87 1 2 0.98 0 3 0.46 1 2 0.14
G719X + S768I 27 6 <0.001a 22 10 0.05 0 33 0.26 33 0 <0.05a

L858R + T790M + 20 ins 1 0 0.47 0 1 0.99 0 1 0.07 1 0 0.38

EGFR rare mutations 0 19 0.05 12 6 0.19 3 16 0.30 5 14 <0.001a

EGFR mutation plus other gene 
alterations

3 4 0.33 2 5 0.44 1 6 0.96 7 0 0.48

GA pattern
Single gene alteration 45 233 0.06 126 131 0.75 25 253 0.68 224 54 0.75
Multiple gene alterations 34 46 <0.001a 38 35 0.78 4 76 0.34 68 12 0.46

Note: aThis p value indicates a statistically significant difference.
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Discussion
The EGFR mutation rate in NSCLC patients is 39.6%, but 
it is much higher in tissue samples (44.7%, 109/244). 
According to the report of East Asian countries, the fre-
quency is within the normal range (3150%).19–21 

Additionally, our studies showed the correlation between 
the female, never-smoker and adenocarcinoma character-
istics and a higher rate of NSCLC. These observations are 
consistent with previous studies.19–21 In our study, exon 19 
deletion and L858R of EGFR are the most frequent muta-
tion patterns, which is similar to reports performed in East 
Asian countries.19–21

It has been reported that the EGFR exon 20 S769I 
mutation is a rare mutation, but in our studies, a total of 
36 (6.2%) NSCLC patients with this mutation could be 
detected. Interestingly, we also found high frequencies of 
S768I in multiple mutation cases, and approximately 27 
cases of G719X/S768I cases came from Xuanwei-origin 
patients. Chen et al indicated that in contrast to patients 
from non-Xuanwei areas, a lower frequency of the exon 19 
deletion (7.8% versus 49.3%, p < 0.0001) but a higher 
frequency of G719X + S768I in exons 18 and 20 (45.1% 
versus 4.1%, p < 0.0001) could be observed in NSCLC 
patients from the Xuanwei area.22 According to our study, 
we noticed that there were more G719X + S768I muta-
tions but fewer exon 19 deletion mutations in NSCLC 
patients in the Xuanwei population than in the non- 
Xuanwei population (Table 4 and Figure 3). Our analysis 
also supports previous positive findings in Xuanwei 
patients. Moreover, our subgroup analysis also indicates 
that the pattern of the prevalence of multiple EGFR altera-
tions is more generalized in those of Xuanwei origin than 
in other populations in Yunnan region (Table 4). The 
function of the S768I mutation in TKI therapy is still 
unclear. Masago et al23 reported that one patient with the 
S768I mutation showed a good clinical response to TKI 
therapy; However, entirely opposite results were found in 
Asahina et al.24 It is crucial to investigate the role of S768I 
in NSCLC oncogenesis because S768I showed high fre-
quencies of multiple mutations. There is no doubt that 
more reports of multiple mutations will emerge and that 
clinical detection of multiple oncogene mutations is useful 
in determining the optimal therapeutic method.

For the treatment of advanced NSCLCs with EGFR- 
activating mutations, EGFR-TKIs have been a successful 
option. Somatic mutations in the EGFR gene have been 
found in NSCLC patients with rapid, durable, complete or 

partial responses to TKI therapy. Many patients who 
receive the first-generation TKI treatment for 6 to 12 
months develop resistance to TKIs. Additionally, it has 
been reported that EGFR-mutated patients with TKI resis-
tance account for 50% of secondary T790M mutations.25 

Here, we demonstrate that EGFR T790M plus other GAs 
accounts for 23 (28.8%) of our 80 cases of multiple muta-
tions. Fifteen of those cases might be caused by TKI 
therapy. However, there were 8 cases in which patients 
had no TKI therapy treatment but harbored a secondary 
T790M mutation. This may explain why TKI therapy fails 
in some NSCLC patients who harbor EGFR-activating 
mutations.26 It may suggest that multiple mutations with 
a second resistant mutation play a vital role in resistance to 
TKI therapy in NSCLCs carrying EGFR-sensitizing muta-
tions, which provides a promising recommendation for 
designing drugs, more effective strategies against specific 
subtypes of NSCLC with both EGFR-TKIs and anti- 
T790M therapies.

In contrast to EGFR mutations, KRAS mutations 
related to a poor NSCLC prognosis were typically found 
in smokers and patients resistant to TKIs. In our study, the 
KRAS mutation rate of NSCLC patients is 10.9%, and it is 
much higher (54.0%, 34/63) in the tissue samples. The 
frequency is similar to that in other reports (710.9%).27–30 

Additionally, a correlation between adenocarcinoma, 
family history of malignancy, northeast region, Xuanwei 
origin characteristics and a higher KRAS mutation rate 
was observed in NSCLC patients in our studies. These 
results show partial similarity with other previous 
studies.27–30 It is remarkable that a KRAS mutation is 
the second most common driver oncogene identified in 
Xuanwei-origin adenocarcinoma patients (Table 2 and 
Figure 3). According to our data, in the 579 NSCLC 
cases, only 4.5% of smokers and 6.3% of nonsmokers 
had KRAS mutations, which is much lower than that 
formerly reported in the United States (34% in smokers 
and 6% in nonsmokers).31 Originally, Rodenhuis et al 
reported that KRAS mutations are uncommon in NSCLC 
patients with a history of nonsmoking.32 However, we 
found KRAS mutations in 6.3% of nonsmokers, as well 
as mutations in the United States population (Riely et al 
2008),33 which suggested the significance of exploring 
other factors, such as environmental or genetic inheritance, 
on KRAS mutations. We discuss two reasons for this issue. 
First, previous studies showed that the distribution of 
EGFR, KRAS and rare mutations originating from 
Xuanwei is different from that of other populations in 
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Yunnan Province,13,22,34 and the genetic spectrum of lung 
cancers in Xuanwei is unique. The unique genetic spec-
trum might be related to the mechanism of lung cancer in 
Xuanwei. Therefore, the difference in KRAS mutations in 
nonsmokers might be related to the unique genetic spec-
trum of lung cancer in Xuanwei. Second, since our study 
recruited patients in a single center and the number of 
Xuanwei NSCLC patient samples was not large enough, 
our sample data may not accurately reflect the status of 
KRAS mutations in Xuanwei area.

Interestingly, we found that the KRAS mutation spec-
trum in Xuanwei city is different compared to that in other 

populations in China. DeMarini et al suggested that expo-
sure to indoor air pollution from local smoky coal may be 
the primary reason.35 A high concentration of PAHs can be 
released through burning coal, and PAH-DNA adducts 
have been found in bronchoalveolar lavage of Xuanwei 
residents.36 Similarly, the EGFR mutation spectra in 
Xuanwei were in accordance with PAH exposure.27 

These results show that the KRAS and EGFR gene muta-
tions could be a symbol of specific environmental expo-
sure. In summary, the unique KRAS and EGFR mutation 
spectrum in Xuanwei region might be related to the expo-
sure of air pollution from local coal burning. Moreover, 

Figure 3 Genetic driver alterations identified by next-generation sequencing in the Xuanwei population (n = 79).
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our study also showed that a family history of malignancy 
is correlated with a higher KRAS mutation rate. These 
studies present several questions regarding which compo-
nent plays the dominant role: PAHs, inherited factors, or 
particulate matter. In addition, further investigation is 
needed to determine the potential mechanism involved.

Interestingly, KRAS and BRAF mutations are mutually 
exclusive, reported by Rajagopalan et al.37 The KRAS 
mutation occurs only in tumors without BRAF mutations, 
as KRAS and BRAF provide an equivalent or at least 
redundant oncogenic stimulus in cancer pathogenesis. De 
Roock et al has also reported this result in colorectal 
cancer.38 However, we found one case of coexisting 
BRAF and KRAS mutations, which have been formerly 
considered mutually exclusive mutations.

Kosuke et al showed that ALK fusions were signifi-
cantly less frequent in elder patients compared with 
younger patients (4% vs 41%; p < 0.001), however 
EGFR and KRAS mutations were more frequent in elder 
patients (EGFR: 45% vs 30%; p = 0.006; KRAS: 10% vs 
2%; p = 0.026).39 According to our data, younger NSCLC 
patients had a higher rate of ALK fusions than elder 
patients, but there were no differences in EGFR and 
KRAS mutations (Table 2). We propose that the main 
reason may be the source limitation of recruited patients 
and quantity limitation of samples, making it unfeasible to 
reflect the younger population based on our samples. 
Surprisingly, for the first time, we discovered that non- 
Han ethnicity is associated with an increased likelihood of 
harboring rare oncogenic GAs in NSCLC. ALK fusions, 
ROS1 fusions and EGFR rare mutations were significantly 
more frequent in non-Han patients compared with Han 
patients (ALK: 13.7% vs 3.7%, p < 0.001; ROS1: 5.7% 
vs 1.7%, p < 0.05; EGFR rare: 16.0% vs 1.0%, p < 0.001) 
(Table 2, Table 4 and Figure 4). The Yunnan Plateau is one 
of the four plateaus in China, with an average altitude of 
2000 m. There are two geographical characteristics of the 
Yunnan Plateau: hypoxia and high ultraviolet radiation. 
These two characteristics may account for the discrepan-
cies. First, most of the non-Han ethnic patients live in 
mountainous areas with an average altitude of more than 
2000 m, and living in a hypoxic environment for a long 
time may lead to an increase in the incidence of rare GAs. 
Second, high altitude areas are also high ultraviolet radia-
tion areas. Living under high ultraviolet radiation for 
a long time may also lead to an increase in the incidence 
of rare GAs. However, it is unclear which component 
plays the dominant role: hypoxia, high ultraviolet 

radiation, or an interaction between the two. Further stu-
dies are expected.

NGS has provided us with abundant genetic informa-
tion, and meanwhile it greatly decreased the cost and time 
of sequencing with high output and high resolution. In this 
study, we demonstrate that it is feasible, rapid, and useful to 
apply NGS genotyping for NSCLC patients in a real-world 
clinical practice setting. Direct clinical care can be carried 
out by a driver alteration identified through NGS. However, 
a negative result needs further exploration. The NCCN 
guidelines now recommend routine mutation testing for 
EGFR, BRAF, ERBB2, and MET; Rearrangements in 
ALK, ROS1, and RET; MET amplification in all patients 
diagnosed with NSCLC. For patients and clinicians, the 
NGS platform offers a single test that can capture point 
mutations, indels, copy number variants, and gene rearran-
gements across many cancer-related genes. Generally, NGS 
outperforms each individual molecular test, and NGS is 
a vital tool in the effective diagnosis and treatment of 
NSCLC patients.40 It was able to analyze both tissue and 
plasma in 28 patients in our study. The patients who tested 
plasma NGS-positive for GAs had a tissue NGS concor-
dance of 95.5%. The sensitivity was 91.3%, the specificity 
was 80.0%, the PPV was 95.5%, and the NPV was 66.7%. 
These data are consistent with other previous studies.22,37 

However, the smaller sample size may have led to bias. 
Nevertheless, our study showed that, with rapid and non-
invasive genotyping-related plasma-based ctDNA NGS 
assays, precision therapy could immediately be guided, 
and a crucial supplement to tissue NGS could be provided.

However, one of the fundamental limitations of plasma 
NGS genotyping is the low concentration of ctDNA shed 
into the peripheral circulation.41 The plasma NGS was 
incapable of detecting drivers in some cases in this study, 
which means a negative result on ctDNA does not exclude 
the presence of a targetable driver. Plasma sequencing 
depth as a technical factor may affect results, and for 
further plasma detection, ultradeep sequencing methods 
have to develop. The function of biological factors, includ-
ing tumor shedding and ctDNA kinetics, in the field of 
liquid biopsy needs to be explored. However, plasma NGS 
may be a beneficial method for evaluating the genomic 
landscape and incorporating tumor heterogeneity, espe-
cially in patients with multiple metastatic sites and this 
strategy is also important for the clinical setting as 
acquired resistance to targeted therapies occurs with the 
emergence of subclonal resistance mutations.42 Promising 
evidence offered by our study supported the incorporation 
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of plasma NGS into lung cancer guidelines. Future 
plasma-based NGS applications, such as detection in ear-
lier stages or minimal residual disease, may provide 
neoadjuvant or adjuvant therapies and early detection of 
cancers.43

Conclusion
In conclusion, our data show a clear panoramic perspective 
of GA frequencies from 579 NSCLC patients and their 
associations with demographic and clinical parameters in 
Yunnan Province. For the first time, we reported that 
Yunnan NSCLC patients from Xuanwei have a distinctly 

unique pattern of oncogenic GAs. In addition, we also 
reported here, for the first time, that Yunnan non-Han ethnic 
patients with NSCLC had a uniquely high incidence of rare 
GAs. Finally, NGS is one of the most vital improvements in 
NSCLC oncology for the detection of GAs. Considering the 
limitation of our study, unlike a positive finding, a negative 
finding of an oncogenic driver in plasma may still require 
additional testing, which cannot immediately guide treat-
ment. In addition, exploring an enough sample size from 
multiple cancer centers in Yunnan region could improve our 
study, making it more representative of the Yunnan region 
population.

Figure 4 Genetic driver alterations identified by next-generation sequencing in the non-Han ethnic population (n = 66).
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