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DiacgNosTIC ACCURACY STUDY

Retrospective Study to Determine Diagnostic Utility of
6 Commonly Used Lung Cancer Biomarkers Among Han
and Uygur Population in Xinjiang Uygur Autonomous
Region of People’s Republic of China

Feng Yang-Chun, MMed, Feng Min, MMed, Zhang Di, MMed, and Huang Yan-Chun, MBBS

Abstract: Early diagnosis was the main way to improve the survival
rate of lung cancer patients. At present, the methods to diagnose lung
cancer were varied, but early diagnosis of lung cancer was still difficult.
In experimental and clinical studies, lung cancer related tumor markers
were helpful to the early diagnosis of lung cancer. So far, there were
many studies about lung cancer related tumor markers in China, but the
subjects in these studies were almost the Han population. There were
few studies about the Uygur population. Xinjiang was a multi-ethnic
region in China, the ratios of Han and Uygur population were 40% and
45%, respectively. Xinjiang also was a high incidence area of lung
cancer in China. The purpose of this study was to research the
application of 6 tumor markers in Uygur and Han lung cancer patients
in XinJiang, China.

The study collected 342 cases who were diagnosed as lung cancer in
Tumor Hospital Affiliated to XinJiang Medical University from May
2012 to December 2012. Serum concentrations of squamous cell
carcinoma (SCC), cytokeratin fragment 19 (CYFRA21-1), carcino-
embryonic antigen (CEA), carbohydrate antigen 125 (CA125), precur-
sor of gastrin-releasing peptide (Pro-GRP), and neuron-specific enolase
(NSE) were tested for every patient before radiation, chemotherapy, or
surgery. The serum concentrations of SCC, CYFRA21-1, CEA, CA125,
and Pro-GRP were assayed using the micro-particle luminescence
analysis testing by the Abbott ARHCITECT i2000SR immunoanalyzer.
NSE was assayed by the electrochemical luminescence analysis testing
using Roche Cobas E601 electrochemical luminescence analyzer.

Serum levels of SCC were different between 2 ethnic populations,
smoking should be the influence factor to create the difference. Cluster
analysis showed that the NSE and Pro-GRP were helpful to identify
small cell lung cancer (SCLC), and CEA, CA125, SCC, CYFRA21-1
were beneficial to diagnose non-small cell lung cancer (NSCLC). The
compare of diagnosis value about serum tumor markers also proved the
result of cluster analysis. No matter SCLC or NSCLC, the positives rate
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of all tumor markers were increasing as clinical stage advancing. Pro-
GRP had higher positive rate than NSE in limited stage of SCLC.
CA125 had the highest positive rate in I and II stage of NSCLC, and
CYFRAZ21-1 had the highest positive rate in III and IV stage of NSCLC.
CEA and CAI125 were beneficial to diagnose adenocarcinoma,
CYFRA2I1-1, and SCC identified squamous cell cancer better.

Only SCC level was higher in Han population than Uygur popu-
lation because of the differences of smoking constituent ratio between 2
populations. So, it could be unified to research the application value of
the 6 indicators for the Han and Uygur population. Then, we suggested a
primary diagnostic utility of 6 commonly by lung cancer biomarkers in
both the Han and Uygur populations in Xinjiang Uygur Autonomous
Region of People’s Republic of China.

(Medicine 95(18):e3568)

Abbreviations: CA125 = carbohydrate antigen 125, CEA =
carcino-embryonic antigen, CYFRA21-1 = cytokeratin fragment
19, NSCLC = non-small cell lung cancer, NSE = neuron-specific
enolase, Pro-GRP = precursor of gastrin-releasing peptide, SCC =
squamous cell carcinoma, SCLC = small cell lung cancer.

INTRODUCTION

ung cancer was the world’s most common malignant tumor,
the fatality ratio in the cities was in the first place, as high as
90%."? In United States, lung cancer mortality accounted for
28% in all cancer deaths, in China the constituent ratio was also
more than 20%.>~> The 5-year survival rate was 10%, the early
accurate diagnosis could effectively improve the survival rate of
lung cancer patients. The clinical diagnosis of lung cancer
included pathologic and clinical stage. Clinicians relied mainly
on clinical symptoms and signs, imaging examination, tumor
markers, genetic testing, and pathological examination to make
the diagnosis for lung cancer. Clinical signs and symptoms of
lung cancer tended to be complicated and non-specificity, Bari
et al® studied 1300 cases of lung cancer and lung cancer
suspected benign disease to conclude that symptoms were
nonspecific. If it was found that the suspicious lung cancer
related symptoms when physical examination, patients were
recommended to do image examination.” Radiographic inspec-
tion of lung cancer was the main test method, but it was more
difficult to diagnose the small nodules. Once suspicious lung
nodules were found by imaging, then there was the need for
histopathology related inspection, including bronchoscopy,
percutaneous lung biopsy, and mediastinum microscopy. But
these histopathological examinations were invasive; there was
the risk of injury and the presence of false negative result.®
Experimental and clinical studies have shown that tumor
markers were useful to diagnose lung tumor. Compared with the
imaging and histopathological examination, tumor markers
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were tested by an inexpensive and simple detection method
which was less invasive and traumatic. Previous research has
widely reported that the meaningful tumor markers of lung
cancer including squamous cell carcinoma (SCC), cytokeratin
fragment 19 (CYFRA21-1), carcino-embryonic antigen (CEA),
carbohydrate antigen 125 (CA125), precursor of gastrin-releas-
ing peptide (Pro-GRP), and neuron-specific enolase (NSE). The
tumor markers had considerable clinical significance for diag-
nosis and prognosis of lung cancer.” '

Xinjiang Uygur Autonomous Region was located in the
northwestern border of China and was the largest province in
China with a population of 21.8 million in 2011, which covered
1.66 million square kilometers. According to the latest census
data from the National and Xinjiang local Statistics Bureau
(2011), the total population of China was 1.37 billion, in which
91.51% was Han ethnic, 0.76% was Uygur ethnic. Xinjiang was
a multi-ethnic area with a much larger percentage of Uygur
(46.2%) and smaller percentage of Han (40.1%) than in whole
China. Xinjiang also was one of the high incidence areas of lung
cancer in China."*

The purpose of this study was to research the application
of 6 tumor markers in Uygur and Han lung cancer patients in
XinJiang by a retrospective study.

METHODS

Patient

Specimens were collected from May 2012 to December
2012 in the tumor hospital affiliated to XinJiang Medical
University which were diagnosed to lung cancer finally, some
of the patients were found to have some pulmonary mass during
health examination, others were transferred to the hospital from
other primary hospital and general hospital because of an
unclear diagnosis. All tumor markers were determined before
patients received any radiation, chemotherapy, and surgery. The
study included 342 cases that met the criteria, including 187
Han and 155 Uygur cases. The clinical stages of non-small cell
lung cancer (NSCLC) referenced to the revision of International
Cancer Alliance (UICC) and American Joint Committee on
Cancer (AJCC) in 2003, NSCLC was divided into I and II, IIT
and IV stages. Small cell lung carcer (SCLC) was divided into
limited and extensive stage according to the staging system of
the Veterans Hospital. The research related to human had been
complied with all the relevant national regulations, institutional
policies, and in accordance with the tenets of the Helsinki
Declaration, and had been approved by The Tumor Hospital
Affiliated to Xinjiang Medical University institutional
review board.

Tumor Markers Assay

Serum concentrations of SCC, CYFRA21-1, CEA, CA125,
Pro-GRP, and NSE were assayed in all patients. The serum
concentrations of SCC, CYFRA21-1, CEA, CA125, and Pro-
GRP were assayed by the micro-particle chemiluminescence
analysis using the Abbott ARCHITECT i2000SR immuno
analyser (USA). NSE was assayed by the electrochemical
luminescence using Roche Cobas E601 analyzer (Switzerland).
All test procedures were performed according to the equipment
operation procedure, calibration solution and reagents were
original kits from manufacturer. The reference interval of these
tumor markers were that: CAI25 0—-35U/mL, CYFRA21-1
0-3.3ng/mL, CEA 0 -5 pg/L, NSE 0 — 15.2 ng/mL, Pro-GRP
0-40pg/mL, SCC 0- 1.5ng/mL.
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Statistical Analysis

For quantitative data, if consistented with normal distri-
bution, the mean and standard deviation were used to describe.
If it was abnormal distribution data, the median was used to
describe. Differences were evaluated by ¢ test in different
groups. Positive rate was compared by chi-square test. In
addition, hierarchical clustering analysis was performed to
classify the 6 indicators. All statistical analysis was used
SPSS18.0 software. Statistical significance was defined as
P <0.05.

RESULTS

Patient Characteristics

A total of 342 cases enrolled in the trial including 195 cases
of SCLC and 147 cases of NSCLC. NSCLC included 62
squamous cell carcinoma and 85 adenocarcinoma cases. Age
ranged from 28 to 81 years old, the median age was 65 years old.
Clinical characteristics of patients were shown on Table 1.

Serum Level of Tumor Markers

The levels of 6 tumor markers were compared with
different gender, age, nationality, smoking status, and so on,
the results were shown on Table 2. For gender and age, the
levels of all 6 tumor markers had no statistically significant.
SCC levels were higher in smokers than non-smokers and also
higher in the Han than the Uygur. So, we speculated that
smoking should be the influence factor to create the difference
between Han and Uygur population. In order to confirm that the
difference of the smoking ratio in 2 populations created the
differences of SCC. The SCC was compared between different
smoking statuses in 2 populations; the result was shown on
Table 3. So, it was sure that smoking was the confounding
factor to create the difference between Han and Uygur
population.

When 1 or more in 6 tumor markers exceeded the reference
value, the results were considered as the positive, the different

TABLE 1. The Clinical Characteristics of 342 Cases Lung
Cancer Patients in 2 Populations

Han (187 cases) Uygur (155 cases)

Median age 61 (3181 year-old) 63 (28—81 year-old)
Gender

Male 118 91

Female 69 64
Smoking status”

Smoker 112 11

Non-smoker 75 144
SCLC

Limited 70 63

Extensive 36 26
Squamous cell carcinoma

I+1I stage 14 13

I 41V stage 22 13
Adenocarcinoma

1411 stage 23 13

I+ 1V stage 21 27

SCLC =small cell lung cancer.
“The result is statistically different (P < 0.05).

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. The Compare of Serum Tumor Markers Level

Factor Case CEA NSE CYFRA21-1 CA125 Pro-GRP SCC
Gender
Male 209 6.06 +8.92 16.61+10.5 6.03 £11.06 28.65+22.71 71.98 £138.79 0.954+0.86
Female 133 5.494+6.92 18.15+17.32 6.56+12.16 29.4+24.63 72.46 +177.47 1.47+3.43
P 0.51 0.357 0.681 0.799 0.979 0.09
Age
<40 12 6.85+9.29 15.8 £3.94 3.99+1.69 20.86+17.1 59.05 £38.87 1.034+0.97
41-50 37 5.16+£6.24 17.44+£9.33 6.85+12.97 31.334£27.05 87.99+108.07 0.68+£0.61
51-60 94 5224743 16 +10.36 7.11+£13.44 32.29+£26.79 61.9+118.97 1.2+£1.75
61-70 121 5.69+8.43 17.344+11.33 5.17+8.45 28.45+23.27 83.4+236.27 1.64+4.2
>70 78 6.42+7.55 20.08 +24.89 742+ 14 26.51+19.91 62.01 £88.07 1.09+£1.23
P 0.888 0.614 0.72 0.05 0.876 0.485
Smoking
Yes 219 5.01+6.35 17.99+16.31 6.83+11.87 27.46+£23.78 88.0 £223.56 1.91+44
No 123 6.1+£8.43 17.314+14.31 6.09+11.67 30.03 £23,93 63.42+116.3 0.914+0.79
P 0.214 0.687 0.579 0.34 0.182 0.001"
Nation
Han 187 5.68+7.65 17.16 £13.81 6.7+11.3 28.13 £23.66 75.46 +191.63 1.6 +£3.62
Uygur 155 575+79 18.024+16.43 5.94+12.26 30.28 £24.15 68.43 £121.13 0.87+0.75
P 0.934 0.598 0.548 0.41 0.692 0.014"

CA125 = carbohydrate antigen 125, CEA = carcino-embryonic antigen, (CYFRA21-1) = cytokeratin fragment 19, NSE = neuron-specific enolase,

Pro-GRP = precursor of gastrin-releasing peptide, SCC = squamous cell carcinoma.

“The result has statistically different (P < 0.05).

positive ratios also were compared with different gender,
nationality, and smoking status, the results were shown on
Table 4, all of them had no statistic difference.

Combined with the results on Tables 2—4, it could be
unified to research the application value of the 6 indicators for
the Han and Uygur population.

The Application Value of the 6 Tumor Marker in
Xinjiang Population

Cluster Analysis About 6 Tumor Markers

Cluster analysis was performed using the 342 cases of lung
cancer to cluster analysis the 6 tumor markers, the 6 tumor
markers were automatically divided into 2 types using
SPSS18.0 software when no pre-determined clustering kinds
of cases. The clustering histogram was shown in Figure 1. In
Figure 1, NSE and Pro-GRP were 1 category and the other 4
tumor markers were the second category. It was consistent with

TABLE 3. The Compare of SCC in Different Smokers Between
2 Populations

Han Uygur
Population Population t P
Smoker 2.04 +4.59 0.61+£0.27 1.027 0.307
Non-somker 0.95+0.82 0.89+0.77 0.527 0.599
t 2.448 2.720
P 0.016" 0.012"

§CC =squamous cell carcinoma.
The result has statistically different (P < 0.05).

the fact that Pro-GRP and NSE were more useful for SCLC
while the other 4 markers were better to detect NSCLC.

The Diagnosis Value of Serum Tumor Markers

The positive rate of each individual tumor marker to
diagnose the lung cancer types (SCLC and NSCLC) was shown
in Figure 2.

For positive rate, the most suitable diagnostic indicators
were NSE and Pro-GRP for SCLC patients, but CEA, CA125,
CYFRA 21-1, and SCC were more better compared with NSE
and Pro-GRP for NSCLC patients. The results were consistent
with the result of cluster analysis.

In addition, Pro-GRP had lower false positive rate than
NSE in SCLC patients, since NSE had higher positive ratio in
NSCLC patients (the positive of NSE was 16% compared with
3% of Pro-GRP in NSCLC). In NSCLC patients, CA125 and
SCC had lower false positive rate than CEA and CYFRA21-1,
also because of the higher positive in SCLC patients (the

TABLE 4. The Positive Rate of Serum Tumor Markers Within
Subgroups

Percent Positive
(No. Positive/

Total No.) ba P
Smoke vs. Non-smoker 80%(175/215) vs. 0.149 0.699
80%(98/123)
Han vs. Uygur 83%(155/187) vs. 2.404 0.121
76%(118/155)
Male vs. Female 78%(163/209) vs. 1.123 0.289
83%(110/133)

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. The clustering analysis column of 6 lung cancer tumor
markers.

positive ratios of CEA and CYFRA21-1 were 21% and 27%,
compared with 1% and 8% of SCC and CA125).

Then, further to discuss the relationship between 6 tumor
markers and clinical stage of lung cancer (in Figures 3 and 4).
For SCLC, Pro-GRP, and NSE had the same positive rate to
diagnose the extensive stage, but Pro-GRP had higher positive
rate than NSE to detect limited stage. CA125 has the highest
positive rate for I and II stage of NSCLC, and CYFRA21-1 has
the highest positive rate for III and IV stage of NSCLC.

At last, in this study, NSCLC was divided into adenocar-
cinoma and squamous cell carcinoma, CEA, CAI125,
CYFRAZ21-1, and SCC were used to identified the 2 histopatho-
logical type (in Figure 5), CEA and CA125 had higher positive
rate for adenocarcinoma, CYFRA21-1, and SCC had higher
positive rate in squamous cell carcinoma.

DISCUSSION

In this retrospective study, the levels of 6 tumor markers
were evaluated in the patients which diagnosed as lung cancer.
Firstly, the clinical characteristics of the Han and Uygur patients
have been compared, only the smoking status had a significantly
difference between the Han and Uygur population. Early stage
patients for both SCLC and NSCLC (including I/IT stage and
limited stage) were more common than advanced stage patients,
SCLC patients were more common than NSCLC patients,
adenocarcinoma was more common than squamous cell carci-
noma. These patient distributions were not typical in the all lung
cancer populations as reported in many studies. This study was
performed in the top specialized tumor hospital in the Xinjiang

SCLC vs NSCLC

59
51
-
39
27
2
I I ;
3 1
- A B

CYFRA21-1 CA125
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S0
- I 18
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W 5CLC W NSCLC

FIGURE 2. Sensitivity of 6 tumor markers for diagnosis of SCLC
and NSCLC.

a4k
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FIGURE 3. Sensitivity of 6 tumor markers for diagnosis of SCLC in
different clinical stages.

area. The early stage, SCLC, and adenocarcinomas patients,
which were difficult to diagnose and treat, were transferred to
this hospital from other primary hospital and general hospital in
order to better diagnosis and treatment.

The levels of tumor markers in lung cancer patients had no
differences in different gender and age groups. Only SCC had
statistically differences in different nationality and smoking
groups. For the nation, SCC was obviously higher in Han than
Uygur patients, the percentage of smokers in Han population
was also higher than Uygur population. So, we speculated that
smoking should be the confounding factor to create the differ-
ence between Han and Uygur population. Further analysis, there
was not difference in smoker between Han and Uygur popu-
lation, also in non-smoker between Han and Uygur population.
So, it was sure that smoking was the confounding factor to
create the difference between Han and Uygur population.
Removed the confounding factor, we could think that SCC
had no difference between 2 nations. So, it could be unified to
research the application value of the 6 indicators for the Han and
Uygur population.

The report to evaluate lung cancer related tumor markers
by cluster analysis was rare, this study firstly analyzed the 6
tumor markers by cluster analysis, which revealed 2 clusters, the
first including NSE and Pro-GRP, the second including CEA,
CA125,SCC, CYFRA21—-1. These results were consistent with
the reports in this and other studies about lung cancer related
tumor markers.

For both SCLC and NSCLC, the positive rates of every
tumor markers were higher along with increasing clinical

Positive rate% NSCLC
100 n=147
80 6
57
60 50 52
43
40
4 25 7 23
181 naav
B NSE B ProGRP CEA W S5CC M CYFRA 21-1 CA125

FIGURE 4. Sensitivity of 6 tumor markers for diagnosis of NSCLC
in different clinical stages.
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Squamous Cell Carcinoma VS Adenocarcinoma
Positive rate%

FIGURE 5. Sensitivity of 6 tumor marker for squamous cell car-
cinoma and adenocarcinoma.

stage,ls’16 For SCLC, the most suitable diagnostic markers
were NSE and Pro-GRP, and the 2 indicators had highest
positive rate in extensive stage, Pro-GRP was better than
NSE in ability to detect limited disease. So, we could view
that Pro-GRP was helpful to diagnose the clinical stage.!”

For NSCLC, the positive rates were higher in squamous
cell carcinoma than adenocarcinoma, for the squamous cell
carcinoma of lung cancer, SCC and CYFRA21—-1 were better
diagnostic indicators. For adenocarcinoma, CEA and CA125
were useful, but the diagnostic value was lower than SCC and
CYFRA21-1 for squamous cell carcinoma. CA125 had the
highest positive rate in I and II stage of NSCLC, CYFRA21-1
had the highest positive rate in IIT and IV stage of NSCLC. All
of these also consistented with the previous reports.'®~?

In summary, we suggested a diagnostic utility of 6 com-
monly using lung cancer biomarkers in both the Han and Uygur
populations in Xinjiang province of People’s Republic of
China: for a suspected lung cancer patients who could find a
pulmonary mass though image examination such as X-ray
examination, CT scanning, Magnetic Resonance Imaging,
and so on, NSE and Pro-GRP were helpful for the diagnosis
of SCLC; Pro-GRP was useful for the diagnosis clinical stage of
SCLC. And CEA, CA125, SCC, CYFRA21-1 could be used for
diagnosis NSCLC. CEA and CA125 were beneficial to diag-
nosis adenocarcinoma, CYFRA21-1 and SCC are squamous
cancer, CA125 and CYFRA21-1 were beneficial for the diag-
nosis clinical stage of NSCLC.
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