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Changes in lung cancer-related
serum tumor markers in
patients with chronic kidney
disease and determination of
upper reference limit

Qiang Miao'?, Bei Cai*?, Qian Niu“? and Junlong Zhang™*

‘Department of Laboratory Medicine, West China Hospital of Sichuan University, Chengdu, China,
2Research Center of Clinical Laboratory Medicine, West China Hospital of Sichuan University,
Chengdu, China

Aims: To investigate the changes in lung cancer-related serum tumor markers
in patients with chronic kidney disease (CKD) and determine the upper
reference limit for patients with different stages.

Methods: Included inpatients diagnosed with CKD who did not receive dialysis
temporarily in our hospital from March to September 2020. Changes in serum
CA125, HE4, CYFRA21-1, SCCA, NSE and ProGRP in CKD patients were
analyzed. The non-parametric method was used to estimate the upper
reference limit of the above indicators in patients with CKD stages 2-5.

Results: The serum levels of HE4, CYFRA21-1, SCCA, and ProGRP in the CKD
group were significantly higher than those in the healthy control group; CA125
and NSE levels were not statistically different. The false positives of SCC,
CYFRA21-1, ProGRP, and HE4 increased significantly with the CKD stage. Still,
NSE and CA125 did not show a significant increasing trend. Both HE4 and
ProGRP have independent upper reference limits from CKD2 to CKD5 stage,
namely 220.8 pmol/l and 101.4 pg/ml in the CKD2 stage, 496.7 pmol/l and
168.63 pg/ml in CKD3 stage, 4592.4 pmol/l and 272.8 pmol/l for CKD4 stage,
CKDS5 stage was 4778.2 pmol/l and 491.6 pmol/L.

Conclusion: This study preliminarily determined the upper reference limits of
Lung cancer-related tumor markers in patients with different CKD stages and
provided laboratory support for the rational use and interpretation of Lung
cancer-related tumor markers in special populations.
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Introduction

Lung cancer is the most common malignant tumor with the
highest mortality worldwide, with an estimated 2.20 million new
cases and 1.79 million deaths annually (1, 2). It is divided into
non-small cell lung cancer (NSCLC) and small cell lung cancer
(SCLC) according to different tissue types. Because the early
clinical manifestations of lung cancer are not obvious, most
patients are already in the advanced stage when diagnosed, and
the 5-year survival rate is low. Therefore, improving the early
diagnosis rate of lung cancer is the key to improving the 5-year
survival rate. A tumor marker is an active substance synthesized
and secreted by tumor cells during tumor formation. Detecting
serum tumor markers for lung cancer is a non-invasive
procedure with important value in diagnosing, monitoring,
and evaluating the prognosis of lung cancer.

Lung cancer-related serum markers commonly include
carcinoembryonic antigen (CEA), neuron-specific enolase
(NSE), cytokeratin fragment 19 (CYFRA21-1), Pro-gastrin-
releasing peptide (ProGRP), squamous cell carcinoma antigen
(SCCA). Studies have reported that carbohydrate antigen 125
(CA125) is important in the diagnosis and metastasis prediction
of lung cancer (3, 4). Recently, studies have also explored human
epididymis protein 4 (HE4) as a lung cancer biomarker. The
results show that serum HE4 levels are elevated in lung cancer
patients of various tissue types, which has an auxiliary role in
lung cancer screening (5, 6). The value of Lung cancer-related
serum tumor markers in the general population has been widely
recognized. However, the concentrations of certain tumor
markers are elevated even in the absence of malignancy in
chronic kidney disease (CKD) (7). It is mainly due to impaired
renal metabolism and excretion, which greatly limits the
application of some tumor markers in early diagnosis and
treatment monitoring. The utility of tumor markers in
diagnosing cancer in patients with renal insufficiency remains
controversial (8). In recent years, more and more studies have
found that reduced kidney function is associated with a higher
risk of cancer. The risk for kidney and lung cancers was higher
among those with advanced CKD (9-11). For CKD, patients
should be integrated into risk stratification of cancer screening
and management. Cancer and CKD both affect many people (1,
12). Issues related to tumor markers in patients with CKD are a
matter of concern. It is very important to determine their levels
in CKD patients to avoid misinterpretation of Lung cancer-
related serum tumor markers in arriving at the diagnosis of lung
malignant tumor. Based on the above background, this study
intends to explore the level changes and clinical diagnostic value
of lung cancer-related serum tumor markers in patients with
chronic kidney disease, and to preliminarily determine the upper
reference limit for patients with different stages, so as not to
confuse with early or preneoplastic stages of malignancy.
Provide laboratory support for the rational use of Lung
cancer-related serum tumor markers in special populations.
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Materials and methods
Study population

Selectively included inpatients diagnosed with CKD who did
not receive dialysis temporarily in the Department of
Nephrology of our hospital from March to September 2020
according to the kidney disease outcomes quality initiative (K/
DOQI) guidelines. Patients with related tumors, liver cirrhosis,
skin diseases, severe cardiovascular and cerebrovascular diseases,
severe infections, pleural and ascites fluids, benign gynecological
disorders, and pregnant and lactating women were excluded
from the study. A total of 729 eligible CKD patients (415 males
and 314 females) with an average age of 49(38, 60) years were
enrolled, including 172 CKD?2 stage patients, 169 CKD3 stage
patients, 167 CKD4 stage patients, and 221 CKDS5 stage patients.
At the same time, 94 healthy subjects (47 males and 47 females)
were included as controls, with an average age of 42 (36, 48).
This study protocol was approved by the Ethics Committee of
the West China Hospital, Sichuan University (No. 2020-823).
All methods were performed following the relevant guidelines
and regulations. All participants obtained informed consent.

Sample collection and measurements

3-5 mL of fasting venous blood was collected from the
research subjects, centrifuged at 1 200 x g for 10 min to
obtain serum, and stored at -80°C until measurement. Serum
CA125, HE4, NSE, CYFRA21-1, ProGRP and SCCA levels were
detected by Roche Cobas €801 electrochemiluminescence
immunoassay analyzer, and serum urea, creatinine and
cystatin C levels were detected by Roche Cobas ¢701
automatic biochemical analyzer. All assays were performed
using Roche Diagnostics (Mannheim, Germany) kits and
processed according to the manufacturer’s instructions. The
testing items involved in this study participated in the quality
evaluation activities organized by the clinical laboratory center
of the National Health Commission and the College of American
Pathologists every year. The results were satisfactory.

The estimated glomerular filtration rate (eGFR) was
calculated using the Chronic Kidney Disease Epidemiology
Collaboration(CKD-EPI) equation (12). According to
eGFR>90 ml'min™"1.73 m?, eGFR 60~<90 mlmin"-1.73 m™,
eGFR30~<60 ml'min™"-1.73 m?, eGFR15~<30 ml-min™-1.73 m™
and eGFR<15 mlmin™.1.73 m™ dividled CKD patients into
CKD1, CKD2, CKD3, CKD4 and CKD5 stages. According to
the laboratory’s current reference intervals, patient results in this
study who were outside the reference intervals but were excluded
tumor by clinicians based on imaging and other relevant tests
were assumed to be false positives. The reference intervals of our
laboratory were CYFRE21-1<3ng/ml, SCC<2.7ng/ml,
NSE<20.4ng/ml, ProGRP<65.7pg/ml, CA125(females) 0~49
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years<47 U/ml, 50 years and above<25 U/ml, CA125(males)<24
U/ml; HE4(female) 18~39 years<60.5 pmol/L, 40~49 years<76.2
pmol/L, 50~59 years<74.3 pmol/L, 60~69 years<82.9 pmol/L, 70
years and above<104 pmol/L.

Upper reference limit calculation

The reference upper limit of patients with different CKD
stages was set using the non-parametric method to take the
97.5th quantile as the upper limit. When the concentration
comparison between other CKD groups is significantly
different, and the results of the normal deviation test (z-test)
indicate that the reference range needs to be set according to the
subgroup, the corresponding upper reference limit of the subset
is set. The formula for the z-test is as follows (13):

|X1-X2| . 3
Z=————— Z*=3[(N1+N2)/240]?, (N1

s 2\
&)+ ()]
> 120, N2 > 120)

X1 and X2 are the practical means of the two subgroups, S1
and S2 are the observed variances, and N1 and N2 are the
number of reference values in each subclass. If the calculated Z
exceeds Z*, they recommend partitioning.

Statistical analysis

All statistical analyses were performed with SPSS 23.0
software (SPSS Inc., Chicago, IL, USA). Values are presented
as the mean + standard deviation for data normally distributed
or median and interquartile range for data that were non-
normally distributed for continuous variables and number (%)

10.3389/fonc.2022.1072531

for categorical variables. Use the analysis of covariance
(ANCOVA) to control the effects of age-confounding
variables. Means of two continuous normally distributed
variables were compared by independent samples Student’s t-
test. Mann-Whitney U and Kruskal-Wallis tests were used to
compare the means of two and multi-group variables that are
not normally distributed. A Dunn-Bonferroni test was used for
post hoc comparisons. The Pearson test was used for correlation
analysis. When appropriate, the frequencies of categorical
variables were compared using the Pearson chi-square test or
Fisher s exact test. For all comparisons, P<0.05 was considered
statistically significant.

Results
Clinical characteristics of study subjects

The general clinical and biochemical characteristics of the
study subjects are summarized in Table 1. The major clinical
etiological categories of renal disease in CKD patients included
glomerulonephritis, diabetic nephropathy, and hypertensive
nephropathy. Patients with CKD were significantly older than
healthy controls. Still, there was no significant difference in
gender between the two groups. In addition, renal function-
related indicators of urea, creatinine, and cystatin C in CKD
patients were significantly increased, while eGFR was decreased
considerably. We also analyzed the levels of tumor markers
between CKD patients caused by autoimmune factors and CKD
patients caused by other factors, as well as healthy controls. The
results are shown in Table S1 (supplementary materials).
According to the data, there is no significant difference
between CKD caused by autoimmune factors and CKD caused
by other factors. Before and after the removal of autoimmune
factors in CKD patients, there was almost no significant change

TABLE 1 Analysis of general clinical characteristics of the healthy control group and CKD group.

Parameters CKD group (n=729)
Age(year) 49 (38, 60)
Gender (male/female) 415/314

Clinical kidney disorders

134 (18.3%)
235 (32.2%)
205 (28.1%)
Autoimmune kidney disease 70 (9.6%)
Others 85 (11.6%)
Ur (mmol/L) 11.1(6.7, 18.5)
Cr (umol/L) 192(117, 436.5)
Cysc (mg/L) 2.26(1.42, 4.07)
eGFR (ml-min™"1.73 m) 28.2(11.8, 58.4)

Hypertensive nephropathy
Glomerulonephritis

Diabetic nephropathy

control group(n=94) p
42 (36, 48) 0.000
47/47 0.203
4.4(3.8,52) 0.000
67.5(58.8, 79.3) 0.000
0.76(0.71, 0.84) 0.000
105.5(102.8, 108.5) 0.000

Data are summarized as median (interquartile range) for continuous variables or as a number with proportion for categorical variables. CKD: chronic kidney disease; Ur: urea; Cr:

creatinine; Cysc: cystatin C; eGFR: estimated glomerular filtration rate.
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in the study subjects’ median level of tumor markers (Tables 2,
S1). It suggests that renal dysfunction may play a major role in
influencing the level of tumor markers compared with other
underlying diseases, such as autoimmune diseases.

Lung cancer-related serum tumor
marker levels

The serum Lung cancer-related tumor marker levels in CKD
patients and healthy controls are shown in Table 2. The serum
levels of HE4, CYFRA21-1, SCCA, and ProGRP in the CKD
group were significantly higher than those in the healthy control
group before and after controlling the effects of age confounding
variables. However, serum CA125 and NSE levels were not
statistically different between the two groups after adjustment
for age confounding factors. We further compared the levels of
Lung cancer-related serum tumor markers between the healthy
control group and other CKD-stage groups. The results are
shown in Table 3. Serum CA125 and CYFRA21-1 levels in
patients with advanced CKD (i.e., CKD stages 4 and 5) were
significantly higher than in healthy controls, and patients with
CKD stages 2 and 3. In addition, the serum CYFRA2I-1
increased dramatically in CKD stages 2 and 3 compared with
the healthy control group. Serum SCCA levels were significantly
different during CKD stages 3, 4 and 5. They were significantly
higher than healthy controls and CKD stage 2 patients.
Compared with healthy controls, the serum levels of HE4 and
ProGRP in CKD patients increased considerably, showing a
gradually increasing trend from CKD stage 2. The concentration
levels were statistically different in different CKD stages. In
contrast, healthy controls and patients with varying stages of
CKD had comparable NSE levels.

False positive rates

The false positive analysis of Lung cancer-related tumor
markers in patients with different CKD stages and healthy
controls is summarized in Table 4. The false positives of blood

TABLE 2 Serum tumor marker levels in the control group and CKD group.

Tumor makers CKD group(n=729)

CA125 (U/mL)
HE4 (pmol/L)
CYFRA21-1 (ng/ml)
SCCA (ng/ml)

NSE (ng/ml)
ProGRP(pg/ml)

15.5 (9.9, 26.9)
286 (120.5, 959)
3.75 (2.63, 5.37)

1.94 (1.23, 3.4)
14.3 (11.5,18.2)
96.1 (60.9, 164.5)

10.3389/fonc.2022.1072531

SCC, CYFRA21-1, ProGRP and HE4 increased significantly with
the CKD stage. Still, NSE and CA125 did not show a significant
increasing trend. Among them, the false positive rates of
CYFRA21-1, ProGRP, and HE4 in patients with CKD stage 3-
5 were all above 60%, which was significantly higher than that of
healthy controls and CKD stage 2.

Correlation analysis

The results of the correlation analysis are shown in Figure 1.
The common logarithm of the levels of lung cancer-related
serum tumor markers HE4, SCC, ProGRP and CYFRA21-1 in
CKD patients was significantly positively correlated
with creatinine.

The upper reference limit in different
CKD stages

According to the results of the pairwise comparison between
the groups in Table 3 and the Z-test formula, the upper reference
limits for different stages are summarized in Table 5. The upper
reference limit of CA125 in the CKD4-5 stage was 358.1 U/ml,
and the upper reference limit of CYFRA21-1 in CKD2, CKD3
and CKD4-5 stage were 6.99 ng/ml, 9.19 ng/ml and 22.24 ng/ml,
respectively. The upper reference limits of SCCA in CKD3 and
CKD4-5 were 5.17ng/ml and 13.97ng/ml, respectively. Both HE4
and PaoGRP have independent upper reference limits from
CKD2 to CKD5 stage, namely 220.8 pmol/l and 101.4 pg/ml
in the CKD2 stage, 496.7 pmol/l and 168.63 pg/ml in CKD3
stage, 4592.4 pmol/l and 272.8 pmol/l for CKD4 stage, CKD5
stage was 4778.2 pmol/l and 491.6 pmol/l.

Discussion

Impaired kidney function is not only associated with an
increased risk of cancer but is also a feature of many cancer
patients. Serum tumor markers are protein substances secreted

Control group(n=94) P Adjust P*
12.2 (9.6, 16.3) 0.000 0.224
44.7 (39,5, 51.2) 0.000 0.000
1.46 (1.17, 1.82) 0.000 0.000
0.98 (0.7, 1.38) 0.000 0.000
15.5 (137, 17.3) 0.016 0.380
38.1 (33.0, 47.4) 0.000 0.000

Data are summarized as median (interquartile range) for continuous variables. CKD: chronic kidney disease; CA125: carbohydrate antigen 125; HE4: human epididymis protein 4;
CYFRA21-1: cytokeratin fragment 19; SCCA: squamous cell carcinoma antigen; NSE: neuron-specific enolase; ProGRP: pro-gastrin-releasing peptide.

* Use the analysis of covariance (ANCOVA) to control the effects of age confounding variables.
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TABLE 3 Analysis of serum tumor marker levels in patients with different stages of CKD.

10.3389/fonc.2022.1072531

Tumor makers control group(n=94) CKD2(n=172) CKD3(n=169) CKD4(n=167) CKD5(n=221) p

CA125 (U/mL) 12.2 (9.6, 16.3) 13.4 (8.7, 19.9) 14.3 (9.5, 22.1) 19.3 (12, 64)** 17.1 (102, 34)™ 0.000
CYFRA21-1 (ng/ml) 1.46 (1.17, 1.81) 2.48 (1.96, 3.26)° 3.29 (2.51, 4.13)™® 4.23 (3.33, 6.01)™ 5.05 (3.92, 6.62)™ 0.000
SCCA (ng/ml) 0.98 (0.7, 1.38) 1.22 (0.86, 1.76) 1.65 (1.11, 2.45)% 2.17 (146, 4.02)*> 3.31 (1.94, 5.39)<d 0.000
NSE (ng/ml) 15.5 (13.7, 17.3) 14 (11.8, 17.4) 13.3 (10.7, 16.9) 14.3 (11.4, 18) 15.4 (11.9, 20.5) 0.000
HE4 (pmol/L) 44.6 (39.5,51.2) 89.1 (74.5, 110)° 151 (124, 234)™® 394 (244, 721)% 1332 (823.5, 2156.5)°4 0.000
ProGRP(pg/ml) 38.1 (33, 47.4) 52.2 (45.1, 65.3) 76.5 (60.7, 98.1)™ 108 (83.1, 144)™ 203 (147, 268.5)*4 0.000

Data are summarized as median (interquartile range) for continuous variables. CKD: chronic kidney disease; CA125: carbohydrate antigen 125; HE4: human epididymis protein 4;
CYFRA21-1: cytokeratin fragment 19; SCCA: squamous cell carcinoma antigen; NSE: neuron-specific enolase; ProGRP: pro-gastrin-releasing peptide. * P<0.05 versus control group; ®
P<0.05 versus CKD2; © P<0.05 versus CKD3; ¢ P<0.05 versus CKD4.

TABLE 4 The false positive* rate analysis of tumor markers in patients with different stages of CKD.

Tumor control group(n=94, CKD2(n=172, CKD3(n=169, CKD4(n=167, CKD5(n=221, p
makers female 47) female 74) female 73) female 74) female 93)
CYFRA21-1, n 5, (5.3) 58, (33.7) 103, (60.9) 1404 (83.8) 1954 (88.2) 0.000
(%)

SCCA, n(%) 4, (4.3) 17,1 (9.9) 32, (18.9) 69. (41.3) 1314 (59.3) 0.000
NSE, n(%) 11, (11.7) 25, (14.5) 15, (8.9) 30, (18) 56, (25.3) 0.000
ProGRP, n(%) 0, (0) 40, (23.3) 113, (66.9) 1474 (88) 218, (98.6) 0.000
CA125, n(%) 4, (43) 17, (9.9) 17, (10.1) 62, (37.1) 65, (29.4) 0.000
HE4*, n(%) 1, (2.1) 49, (66.2) 70, (95.9) 74, (100) 93 (100) 0.000

#Only analyze the false positive rate among females. CKD: chronic kidney disease; CA125: carbohydrate antigen 125; HE4: human epididymis protein 4; CYFRA21-1: cytokeratin fragment
19; SCCA: squamous cell carcinoma antigen; NSE: neuron-specific enolase; ProGRP: pro-gastrin-releasing peptide.

*Positive is defined as greater than the reference range.The reference range of the laboratory: CYFRE21-1<3ng/ml, SCC<2.7ng/ml, NSE<20.4ng/ml, ProGRP<65.7pg/ml, CA125(female):
(0~49 years)<47U/ml, 50 years and above <25U/ml, CA125(male) <24U/ml; HE4(female):(18~39 years)<60.5pmol/L, (40~49 years)<76.2pmol/L, (50~59 years)<74.3pmol/L, (60~69 years)
<82.9pmol/L, (70 years and above)<104pmol/L.

a, b, ¢, d, e: Each subscript letter indicates a subset of the grouping category. At the 0.05 level, the column ratios of these categories are not significantly different from each other.

or shed by tumor cells. Their content is extremely low in healthy The level of CA125 was not affected in the early stage of CKD

people. Elevated serum concentrations often indicate the and only increased significantly in the late stage. In contrast, the
occurrence of malignant tumors. Each tumor marker has a level of NSE was hardly affected by renal function.
variable profile of usefulness for screening, determining Renal insufficiency, dialysis, and kidney transplantation were
diagnosis and prognosis, assessing response to therapy, and associated with an increased risk of lung cancer. However,
monitoring for cancer recurrence. We are still unclear about studies have shown that commonly used serum Lung cancer-
the body’s metabolic process of tumor markers. In clinical related tumor markers are elevated in patients with decreased
applications, it has been found that in addition to related renal function. In a study by Jianzhong Chen et al. (16) in
tumors, their concentrations will also be abnormal in the patients with diabetic nephropathy, serum SCCA and
CYFRA21-1 levels were significantly increased, while NSE was

unaffected. It is worth noting that this study only investigated

menstrual cycle, pregnancy, metabolism, inflammation, liver
function and (or) renal function abnormalities (14). CKD is a
disease that seriously endangers human health, with a prevalence
of 10.8% in the adult population in China (15). Regardless of the

occurrence of malignant tumors, the concentrations of some

renal insufficiency due to diabetic nephropathy, while we further
analyzed patients with CKD due to various causes and obtained
the same results. K. Kamata et al. (17) reported elevated serum
tumor markers in CKD patients will be higher than those in proGRP levels in patients with renal insufficiency. Linda
healthy subjects. However, the impaired renal function does not Hertlein et al. (18) Among other benign diseases, including
alter all tumor markers (7). Which indicators will be affected and lung and ovarian cancer, HE4 concentrations were highest in
to what extent is unclear. In this study, the serum tumor markers women and men with renal failure. Our study also found that
related to lung cancer levels in CKD patients were analyzed. It
was found that the levels of HE4, CYFRA21-1, SCCA and

ProGRP were significantly increased in CKD patients. In

serum HE4 and ProGRP levels were significantly increased in
non-tumor CKD patients. With the aggravation of CKD staging,
the average levels of each stage increased, and their levels were
addition, with the increase in the CKD stage, the false positive significantly different in each stage, which adds new and further

rate of the four tumor markers gradually increased significantly. evidence to the previous studies. The results of studies on serum
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Correlation analysis of lung cancer-related tumor markers and serum creatinine. The data were analyzed by Person correlation after common
logarithmic transformation. HE4: human epididymis protein 4; CYFRA21-1: cytokeratin fragment 19; SCCA: squamous cell carcinoma antigen;
ProGRP: pro-gastrin-releasing peptide; Cr: creatinine. Log;oHE4: the logarithm of HE4 concentration to the base 10. Log;oCYFRA21-1: the
logarithm of CYFRA21-1 concentration to the base 10. Log;oSCCA: the logarithm of SCCA concentration to the base 10. Log;oProGRP: the
logarithm of ProGRP concentration to the base 10. Log;oCr: the logarithm of creatinine concentration to the base 10.

CA125 concentrations in CKD patients vary. Some studies have
shown that serum CA125 levels in CKD patients are higher than
in healthy controls. Still, there is no significant correlation with
eGFR (19). Some studies have found significant differences in
CAI25 levels in patients with different stages of CKD. In contrast,
other studies have shown no exact relationship between CKD
stages and CAI25 levels (20). This study did not find significant
differences in CA125 levels between CKD patients and healthy
controls after adjusting for age confounding variables. But

further observed that CA125 levels in different CKD stages
were not affected in the early stage of CKD, and only
significantly increased in the late stage.

In this study, we found that the changes in HE4, ProGRP,
SCC, and CYFRA21-1 in CKD patients had a certain
relationship with the CKD stage. The correlation analysis also
showed that their levels were significantly positively correlated
with creatinine. The false-positive rate of HE4 was also
significantly better than that of NSE and CA125. The above

TABLE 5 The reference upper limit defined by non-parametric method (Py; 5) in patients with different stages of CKD.

Tumor makers CKD2(n=172)

CA125 (90% CI, U/ml) -
CYFRA21-1 (90% CI, ng/ml) 6.99 (5.46, 9.15)
SCCA (90% CI, ng/ml) -

HE4 (90% CI, pmol/l)
ProGRP (90% CI, pg/ml)

220.8 (162.7, 283)
101.4 (89.5, 110)

CKD3(n=169)

9.19 (7.53, 11.1)
5.17 (456, 6.27)
496.7 (418.9, 1056)
168.63 (148.73, 193)

CKD4(n=167) CKD5(n=221)

358.1 (259.65, 505.43)
22.24 (16.2, 42.78)
13.97 (11.28, 19.2)
4592.4 (3216.4, 5586.4) 4778.2 (3792, 5443)
272.8 (236.8, 298) 491.6 (438.27, 551)

Py 5: 97.5th percentile; 90% CI: confidence interval; CKD: chronic kidney disease; CA125: carbohydrate antigen 125; HE4: human epididymis protein 4; CYFRA21-1: cytokeratin fragment

19; SCCA: squamous cell carcinoma antigen; ProGRP: pro-gastrin-releasing peptide.
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results showed that the degree of increase of indexes such as HE4
was closely related to the severity of renal damage. Some indexes
showed an increasing trend in the early stage of renal damage.

In addition, to more reasonably interpret the results of Lung
cancer-related tumor markers in CKD patients, early detection of
tumors can prevent missed diagnosis and missed treatment while
simultaneously avoiding the waste of medical resources caused by
misdiagnosis and mistreatment. Based on some principles
established by the reference interval, this study determined the
upper reference limit for CKD patients of different stages so that
clinicians can make timely and accurate judgments on the tumor
marker results of CKD patients. Unfortunately, due to the insidious
nature of the onset of CKD, patients are often not at an early stage
when they seek medical attention. Therefore, no CKD stage 1
patients were included in this study. The upper reference limit of the
above indicators in patients with CKD1 stage cannot be determined.
It is impossible to assess whether indicators such as HE4 are more
advantageous in diagnosing earlier renal injury.

Moreover, this study estimates the reference range of CKD
patients based on the included research subjects. The results
have certain limitations due to the influence of the sample size.
Further studies with large samples are needed to determine a
more accurate reference range.

Conclusion

Serum levels of HE4, ProGRP, CYFRA21-1, SCC and CA125
were closely related to renal function, while NSE levels were not.
This study preliminarily determined the upper reference limits
of Lung cancer-related tumor markers in patients with different
CKD stages and provided laboratory support for the rational use
and interpretation of Lung cancer-related tumor markers in
special populations.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding author.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209-49.
doi: 10.3322/caac.21660

2. Thai AA, Solomon BJ, Sequist LV, Gainor JF, Heist RS. Lung cancer. Lancet
(2021) 398(10299):535-54. doi: 10.1016/S0140-6736(21)00312-3

3. Wu LX, Li XF, Chen HF, Zhu YC, Wang WX, Xu CW, et al. Combined
detection of CEA and CA125 for the diagnosis for lung cancer: A meta-analysis.

Frontiers in Oncology

10.3389/fonc.2022.1072531

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of the West China Hospital,
Sichuan University. The patients/participants provided their
written informed consent to participate in this study.

Author contributions

All authors contributed to the study’s conception and design.
QM, BC, and QN performed material preparation, data
collection and analysis. JZ and QM wrote the first draft of the
manuscript. All authors commented on previous versions of the
manuscript. All authors contributed to the article and approved
the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.1072531/full#supplementary-material

Cell Mol Biol (Noisy-le-grand) (2018) 64(15):67-70. doi: 10.14715/cmb/
2017.64.15.1

4. Wang CF, Peng SJ, Liu RQ, Yu Y], Ge QM, Liang RB, et al. The combination
of CA125 and NSE is useful for predicting liver metastasis of lung cancer. Dis
Markers (2020) 2020:8850873. doi: 10.1155/2020/8850873

5. Zhong H, Qian Y, Fang S, Yang L, Li L, Gu W. HE4 expression in lung
cancer, a meta-analysis. Clin Chim Acta (2017) 470:109-14. doi: 10.1016/
j.cca.2017.05.007

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.1072531/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1072531/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S0140-6736(21)00312-3
https://doi.org/10.14715/cmb/
2017.64.15.1
https://doi.org/10.14715/cmb/
2017.64.15.1
https://doi.org/10.1155/2020/8850873
https://doi.org/10.1016/j.cca.2017.05.007
https://doi.org/10.1016/j.cca.2017.05.007
https://doi.org/10.3389/fonc.2022.1072531
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Miao et al.

6. He YP, Li LX, Tang JX, Yi L, Zhao Y, Zhang HW, et al. HE4 as a biomarker
for diagnosis of lung cancer: A meta-analysis. Medicine (2019) 98(39):e17198. doi:
10.1097/MD.0000000000017198

7. Rani BS, Suchitra MM, Srinivasa Rao P, Kumar VS. Serum tumor markers in
advanced stages of chronic kidney diseases. Saudi ] Kidney Dis Transpl (2019) 30
(4):898-904. doi: 10.4103/1319-2442.265466

8. Amiri FS. Serum tumor markers in chronic kidney disease: as clinical tool in
diagnosis, treatment and prognosis of cancers. Ren Fail (2016) 38(4):530-44. doi:
10.3109/0886022X.2016.1148523

9. Tu H, Wen CP, Tsai SP, Chow WH, Wen C, Ye Y, et al. Cancer risk
associated with chronic diseases and disease markers: prospective cohort study.
BM]J (2018) 360:k134. doi: 10.1136/bmj.k134

10. Liu L, Zhu M, Meng Q, Wang Y, Zhao Y, Xie D, et al. Association between
kidney function and the risk of cancer: Results from the China health and
retirement longitudinal study (CHARLS). J Cancer (2020) 11(21):6429-36. doi:
10.7150/jca.47175. eCollection 2020

11. Xu H, Matsushita K, Su G, Trevisan M, Arnlov J, Barany P, et al. Estimated
glomerular filtration rate and the risk of cancer. Clin ] Am Soc Nephrol (2019) 14
(4):530-9. doi: 10.2215/CJN.10820918

12. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF3rd, Feldman HI,
et al. A new equation to estimate glomerular filtration rate. Ann Intern Med (2009)
150(9):604-12. doi: 10.7326/0003-4819-150-9-200905050-00006

13. Miao Q, Cai B, Gao X, Su Z, Zhang J. The establishment of neuron-specific
enolase reference interval for the healthy population in southwest China. Sci Rep
(2020) 10(1):6332. doi: 10.1038/s41598-020-63331-x

Frontiers in Oncology

08

10.3389/fonc.2022.1072531

14. Coppolino G, Bolignano D, Rivoli L, Mazza G, Presta P, Fuiano G. Tumour
markers and kidney function: a systematic review. BioMed Res Int (2014)
2014:647541. doi: 10.1155/2014/647541

15. Zhang LX, Wang F, Wang L, Wang WK, Liu BC, Liu J, et al. Prevalence of
chronic kidney disease in China: a cross-sectional survey. Lancet (2012) 379
(9818):815-22. doi: 10.1016/S0140-6736(12)60033-6

16. Chen JZ, Tao F, Zhang B, Chen QG, Qiu Y, Luo QA, et al. Elevated
squamous cell carcinoma antigen, cytokeratin 19 fragment, and carcinoembryonic
antigen levels in diabetic nephropathy. Int ] Endocrinol (2017) 2017:5304391. doi:
10.1155/2017/5304391

17. Kamata K, Uchida M, Takeuchi Y, Takahashi E, Sato N, Miyake Y, et al.
Increased serum concentrations of pro-gastrin-releasing peptide in patients with
renal dysfunction. Nephrol Dial Transpl (1996) 11(7):1267-70. doi: 10.1093/ndt/
11.7.1267

18. Hertlein L, Stieber P, Kirschenhofer A, Fuerst S, Mayr D, Hofmann K, et al.
Human epididymis protein 4 (HE4) in benign and malignant diseases. Clin Chem
Lab Med (2012) 50(12):2181-8. doi: 10.1515/cclm-2012-0097

19. Mikkelsen G, Asberg A, Hultstrom ME, Aasarod K, Hov GG. Reference
limits for chromogranin a, CYFRA 21-1, CA 125, CA 19-9 and carcinoembryonic
antigen in patients with chronic kidney disease. Int J Biol Marker (2017) 32(4):
E461-6. doi: 10.5301/ijbm.5000278

20. Yu X, Xu X, Ye Z. Effect of renal function and hemodialysis on the serum
tumor markers in patients with chronic kidney disease. Front Med China (2007) 1
(3):308-11. doi: 10.1007/s11684-007-0059-6

frontiersin.org


https://doi.org/10.1097/MD.0000000000017198
https://doi.org/10.4103/1319-2442.265466
https://doi.org/10.3109/0886022X.2016.1148523
https://doi.org/10.1136/bmj.k134
https://doi.org/10.7150/jca.47175. eCollection 2020
https://doi.org/10.2215/CJN.10820918
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1038/s41598-020-63331-x
https://doi.org/10.1155/2014/647541
https://doi.org/10.1016/S0140-6736(12)60033-6
https://doi.org/10.1155/2017/5304391
https://doi.org/10.1093/
ndt/11.7.1267
https://doi.org/10.1093/
ndt/11.7.1267
https://doi.org/10.1515/cclm-2012-0097
https://doi.org/10.5301/ijbm.5000278
https://doi.org/10.1007/s11684-007-0059-6
https://doi.org/10.3389/fonc.2022.1072531
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Changes in lung cancer-related serum tumor markers in patients with chronic kidney disease and determination of upper reference limit
	Introduction
	Materials and methods
	Study population
	Sample collection and measurements
	Upper reference limit calculation
	Statistical analysis

	Results
	Clinical characteristics of study subjects
	Lung cancer-related serum tumor marker levels
	False positive rates
	Correlation analysis
	The upper reference limit in different CKD stages

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




