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Background: The purpose of this study was to explore the clinical diagnostic values of serum tumor
markers (TMs) including squamous cell carcinoma antigen (SCCAg), cytokeratin 19 fragment (CYFRA21-1),
neuron specific enolase (NSE), alpha-L-fucosidase (AFU), carbohydrate antigen (CA)72-4, CA125, CA19-9,
carcinoembryonic antigen (CEA) and ferritin (FER) in nasopharyngeal carcinoma (NPC).

Methods: Two hundred and two newly diagnosed NPC patients and seventy-two benign nasopharyngeal
diseases (BND) patients were retrospective reviewed. The levels of serum CA72-4, CYFRA21-1, SCCAg,
NSE, AFU, FER, CEA, CA125 and CA19-9 were measured by chemiluminescent assay. AFU serum levels
were detected by using continuous monitoring method. The non-parametric Mann-Whitney U test was used
to compare median levels of TMs between the benign group and NPC group. Logistic stepwise regression
analysis and the receiver operating characteristic (ROC) curve were firstly used in screening TMs in NPC,
and then the decision tree was applied to evaluate the diagnostic value of TMs in NPC.

Results: The levels of serum CA72-4, CYFRA21-1, NSE and FER in patients with NPC were significantly
higher than those with the BND (P<0.05). For CEA, SCCAg, AFU, CA19-9 and CA125, there is no
significant difference in the serum of NPC and benign control (P>0.05). AFU and CA72-4 were eliminated
by Logistic regression stepwise analysis. Logistic regression showed that CA72-4, CYFRA21-1, NSE,
CA125, CA19-9, CEA and FER OR (95% CI) of risk of NPC events were 1.09 (0.96-1.24, P=0.176), 2.42
(1.66-3.68, P<0.001), 1.30 (1.16-1.46, P<0.001), 0.96 (0.92-1, P=0.043), 1.042 (0.994-1.0994, P=0.099),
0.67 (0.47-0.94, P=0.022) and 1.003 (1.0007-1.005, P=0.014). NSE and CYFRA21-1 were selected for the
conditional inference tree (CTree). When NSE >15.90, the positive predictive value was 93.9%. In the lower
NSE group, when the CYFRA21-1 was greater than 3.3, the positive predictive value was 92.3%.
Conclusions: The combination of CYFRA21-1 and NSE will be beneficial for distinguishing NPC from BND.
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Introduction nasopharyngeal. It is one of the most prevalent malignancies
Nasopharyngeal carcinoma (NPC) is a disease in which in southern China, Southeast Asia, the Arctic, and the

malignant (cancer) cells are found in the tissues of the Middle East/North Africa (1,2). Atypical symptoms and

© Translational Cancer Research. All rights reserved. tcr.amegroups.com Transl Cancer Res 2018;7(6):1406-1412


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2018.10.24

Translational Cancer Research, Vol 7, No 6 December 2018

hidden sites in earlier stage of nasopharyngeal carcinoma
are the main causes of a high misdiagnosis rate. Thus, it
has been diagnosed already in middle or late period (3).
With the wide application of tumor markers (TMs) in
nasopharyngeal carcinoma, exploring a highly sensitive and
specific biomarker for early diagnosis of NPC is extremely
important to improve the survival rate.

There are many TMs such as squamous cell carcinoma
antigen (SCCAg), cytokeratin 19 fragment (CYFRA21-1),
neuron specific enolase (NSE), alpha-L-fucosidase
(AFU), carbohydrate antigen (CA)72-4, CA125, CA19-9,
carcinoembryonic antigen (CEA) and ferritin (FER) were
the most commonly used in the clinic. Besides, CYFRA
was also reported to be important significance in the
differential diagnosis for the nasopharyngeal carcinoma
and benign disease (4,5), and was used as a better TM than
SCC antigen for detection of NPC (6). While, whether
the other T'Ms can also be used for diagnosis of NPC,
there is still unknown. Logistic regression analysis and the
decision tree were used to screen TMs. Decision tree is a
novel data processing method, which has been applied to
epidemiological studies (7,8).

The objective of this study was to analyze the potential
diagnostic value of serum T'Ms for distinguishing of early-stage
NPC from various benign nasopharyngeal diseases (BND).

Methods
Patients

This study was approved by the institutional review board
(IRB) of hospital, and a signed consent form was obtained
from each patient. Between January 2012 and October 2017,
202 newly diagnosed NPC patients and 72 BND patients were
finally enrolled by excluding missing data. All patients satisfied
the inclusion criteria: (I) clinical and pathological data were
completely recorded. (I) All cases were proved by pathology
and classified according to World Health Organization
(WHO) 2005 classifications and AJCC 7th edition guidelines
of TNM classification, respectively (9,10). (III) There is
no other malignant tumor. (IV) Postoperative pathologic
type of nasopharyngeal carcinoma: keratinizing squamous
cell carcinoma (type I); and nonkeratinizing carcinoma,
characterized as differentiated (type 1I) or undifferentiated
(type I1I). BND, composed of nasal polyps and nasopharyngeal
chronic inflammatory. (V) TMs were measured within 24 h-3
d before radiotherapy and chemotherapy. All patients were
first diagnosed without any treatment before.
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Detection of TMs

The turnaround time from specimens collecting from
patients to assay detection was within 2 hours. The samples
were centrifuged for 15 minutes at 3,000 g. CA72-4,
CYFRA21-1, NSE, CA125, CA19-9, CEA and FER levels
were measured by a cobas e601 analyzer (Roche, USA). The
serum levels of SCCAg was detected by an ARCHITECT
i2000 immunoassay analyzer (Abbott, USA). AFU was
measured by an automatic biochemistry analyzer ADVIA
2400 analyzer (Siemens, USA).

Statistical analysis

The normal distribution test was conducted in the variables
by Shapiro-Wilk method. As the TM levels were not
normally distributed, the results of the TM level were
reported as median. The differences in serum levels of TMs
were analyzed using non-parametric Mann-Whitney U test.
The enumeration data were performed with the chi-square
test. The sensitivity, specificity and diagnostic cutoff levels
were calculated by receiver operating characteristic (ROC)
curve. Levels of TMs were analyzed by logistic stepwise
regression analysis (MASS packages) and the decision
tree C'Iree (party packages). All statistical analyses were
performed using R (version 3.3.2), P<0.05 was considered
to be a statistically significant.

Results
Patient characteristics

The characteristics of 202 NPC patients and 72 patients
with BND are shown in 7able 1. The male to female ratio
was 153:49 (3.12:1) in patients with NPC, and another group
is 50:22 (2.27:1). Median age in NPC patients was 51 (range,
16-83) years. The median age of patients with BND was
50 (range, 14-88) years. NPC samples included 179 cases
of non-squamous cell carcinoma with undifferentiation
and 25 cases of non-squamous cell carcinoma with
differentiation. BND samples included nasal polyps (n=38)
and nasopharyngeal chronic inflammatory (n=34). There
was no difference on two groups by age, gender (P>0.05).

The levels of TMs in all patients

The levels of serum CA72-4, CYFRA21-1, SCCAg, NSE,
AFU, CA125, CA19-9, CEA and FER in all patients are
shown in Table 2. The levels of serum CA72-4, CYFRA21-1,
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Table 1 Characteristics of study population

Clinical characteristics NPC (n=202) BND (n=72)
Gender

Male 153 50

Female 49 22
Age, years

Median 51 50

Range 16-83 14-88
Stage

I 12 -

I 44 -

M 84 -

1\ 62 -
Histology

Type | 0 -

Type ll 25 -

Type llI 177 -
Benign nasopharyngeal diseases

Nasal polyps - 38

Nasopharyngeal chronic - 34

inflammatory

NPC, nasopharyngeal carcinoma; BND, benign nasopharyngeal
diseases.

Table 2 The levels of tumor markers in patients with NPC and BND

Tang et al. Serum tumor markers in nasopharyngeal carcinoma

NSE and FER in patients with NPC and early stage NPC
(stages I and II) were separately significantly higher than
those of BND (P<0.05). No significant difference in the
levels of serum SCCAg, AFU, CA125, CA19-9 and CEA
was observed among patients with NPC or early stage NPC
and BND (P>0.05).

The levels of TMs in gender, histology and TNM
stage are shown in Tiable 3. The levels of serum SCCAg,
CYFRA21-1, CEA and FER in male were significantly higher
than in female (P<0.05). No different TMs were observed
between differentiated and undifferentiated nonkeratinizing
carcinoma (P>0.05). Only CYFRA21-1 has the remarkable
difference in early and middle-late stage (P<0.05).

Logistic regression analysis

AFU and SCC were eliminated by Logistic regression
stepwise analysis. The residual TMs were refitted and the
regression equation model: Y = logit(P) = -5.288+0.839X.
vrrat+0.240X 5 +0.003 Xppp. Logistic regression showed
that CYFRA21-1, NSE and FER OR (95% CI) of risk of
NPC events were 2.315 (1.617-3.314, P<0.001), 1.272
(1.147-1.410, P<0.001) and 1.003 (1.001-1.005, P=0.014).

The ROC of serum Y, CYFRA21-1, NSE and FER in
NPC patients was shown in Figure 1. The area under curve
(AUCQ), cutoff levels, sensitivities and specificities of serum
TMs in patients with NPC were shown in Tuble 4.

NPC Early-stage NPC'
Tumor markers BND
Serum level P value* Serum level P value*

CA72-4 (U/mL) 1.18 (0.57-29.55) 1.83 (0.50-39.67) 0.000 1.75 (0.50-39.67) 0.044
SCCAg (ng/mL) 0.72 (0.07-2.73) 0.70 (0.02-4.87) 0.787 0.58 (0.04-2.20) 0.120
CYFRA21-1 (ng/mL) 2.05 (0.53-3.72) 3.42 (0.71-36.87) 0.000 2.38 (0.71-14.04) 0.018
NSE (ng/mL)) 11.48 (5.82-20.59) 16.20 (2.84-38.03) 0.000 14.96 (2.84-38.03) 0.000
AFU (UL 22.31 (9.80-60.03) 24.20 (10.60-55.00) 0.103 23.72 (10.60-54.97) 0.202
CA125 (U/mL) 9.10 (3.30-68.40) 9.20 (3.40-247.90) 0.760 8.50 (3.40-62.40) 0.654
CA19-9 (U/mL) 12.45 (1.69-36.25) 12.15 (1.85-65.27) 0.924 12.00 (1.85-60.25) 0.873
CEA (ng/mL) 1.41 (0.20-6.40) 1.23 (0.00-11.21) 0.258 1.31 (0.00-4.40) 0.498
FER (ng/mL) 179.95 (15.20-688.70) 252.85 (4.90-972.90) 0.000 278.00 (18.00-937.00) 0.022

', stages | and II; *, compared with BND. NPC, nasopharyngeal carcinoma; BND, benign nasopharyngeal diseases.
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Table 3 The levels of tumor markers in histology, TNM stage and gender
Histology TNM stage Gender
Tumor markers
Type ll Type lll P value Il -V P value Male Female P value
CAT72-4 (U/mL) 1.57 1.90 0.477 1.82 2.1 0.228 1.83 1.90 0.718
SCCAg (ng/mL) 0.71 0.70 0.594 0.57 0.71 0.061 0.70 0.59 0.033
CYFRA21-1 (ng/mL) 2.95 3.48 0.165 2.50 3.76 0.000 3.42 3.15 0.012
NSE (ng/mL) 16.90 16.10 0.296 14.75 16.26 0.055 16.20 16.37 0.712
AFU (U/L) 23.23 24.99 0.454 24.41 23.19 0.990 24.20 23.45 0.922
CA125 (U/mL) 9.40 9.20 0.708 8.50 9.30 0.138 9.20 9.20 0.511
CA19-9 (U/mL) 13.01 12.11 0.904 12.00 12.61 0.829 12.16 12.48 0.197
CEA (ng/mL) 0.85 1.28 0.094 1.35 1.22 0.553 1.28 0.95 0.023
FER (ng/mL) 281.60 250.60 0.415 266.00 246.75 0.575 252.85 112.70 0.000
ROC curve The decision tree
1.0
The conditional inference tree (CTree) showed that only NSE
08 and CYFRA21-1 were selected as the differential diagnosis of
NPC and BND (Figure 2). The CTree algorithm produced
> 06 a tree with 7 terminals. Splitting the population according
E ' to the serum level of NSE <11.53 versus >11.53 produces
g two subgroups. The lower NSE group (NSE <11.53) again
@ 047 splits into two groups: CYFRA21-1 <3.3 and CYFRA21-1
—Y >3.3. In the higher NSE group (NSE >11.53), further splits
027 — CYFRAZ21- into subgroups according to NSE <15.91 and NSE >15.91.
—— NSE .
— These nodes defined four distinct subgroups: when NSE
0.0 <11.53 and CYFRA21-1 <3.3, the negative predictive value

T T T T T T
1.0 0.8 0.6 0.4 0.2 0.0

Specificity
Figure 1 ROC curve of three serum tumor markers in NPC
patients. The ROC curve showing significantly higher specificity
of FER as compared to CYFRA21-1 and NSE and significantly
higher sensitivity of CYFRA21-1 as compared to and NSE
and FER. ROC, receiver operating characteristic; NPC,

nasopharyngeal carcinoma.

The results indicated that Y and FER had the specificities
0f 90.3% and 91.7% for NPC, significantly higher than that
of CYFRA21-1, NSE (P<0.05). Y had the sensitivity of 74.8%
for NPC, significantly higher than that of CYFRA21-1, NSE
and FER (P<0.05). Regression model Y had the largest AUC

area and the greatest sensitivity and specificity.
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was 72.5%. When NSE was between 11.53 and 15.91, the
positive predictive value was 72.2%. When NSE <11.53 and
CYFRA21-1 >3.3, the positive predictive value was 92.3%.
When NSE >15.91, its positive predictive value was 93.8%.

Discussion

In this study, nine common T'Ms were detected to analyze the
diagnostic value of nasopharyngeal carcinoma. We found that
the levels of serum SCCAg, AFU, CA125, CA19-9 and CEA
showed no significant difference between patients with NPC
and BND, which means that SCCAg, AFU, CA125, CA19-
9 and CEA had no diagnostic value for patients with NPC.
The levels of serum CA72-4, CYFRA21-1, NSE and FER
were significantly increased in patients with NPC, indicating
that they have a certain diagnostic value in patients with

NPC. The different levels of CYFRA21-1 and FER between

Transl Cancer Res 2018;7(6):1406-1412
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Table 4 The area under curve (AUC), cutoft levels, sensitivities, specificities, and accuracies of serum TMs

Tumor marker AUC Cutoff Specificity (%) Sensitivity (%) Accuracy (%)
Y 0.881 - 90.3 74.8 81.8
CYFRA21-1 0.810 2.565 80.6 71.8 74.8
NSE 0.790 14.26 77.8 66.8 74.5
FER 0.641 318.65 91.7 38.6 741

NSE, neuron specific enolase; FER, ferritin; TMs, tumor markers.

NSE
P<0.001

<11.53

>11.53

<15.91

/

Node 6 (n=97)

>15.91

Node 3 (n=51 Node 4 (n=13
A 10 4 1.0
p4 pze
- 08 O 0.8
0.6 0.6
0.4 0.4

0.2 0.2

NPC
NPC

0.0 0.0

Node 7 (n=113) 1.0

[m] 1.0 [a]

b4 pze

o 08 o 0.8
0.6 0.6
0.4 0.4

B 02 0.2

o o

N 00 < 0.0

Figure 2 Decision tree model for predicting NPC. The number of patients (n) are given in terminal nodes. The black shadow represents the

percentage of NPC in this group. NPC, nasopharyngeal carcinoma; NSE, neuron specific enolase; BND, benign nasopharyngeal diseases.

in male and female was derived from a higher incidence and
mortality of NPC in male (2).

Logistic regression analysis and ROC curve was
conducted to evaluate the value of serum TMs in the
diagnosis of NPC. The study showed that CYFRA21-1,
NSE, and FER were considered to be the predictors of
NPC, of which CYFRA21-1 was the strongest predictor
(OR =2.315). CA72-4 was not significantly associated with
the risk of NPC events, therefore, it was not considered to
be the predictor of nasopharyngeal carcinoma.

In this study, the research results showed that the
specificities of FER and Y were 91.7% and 90.3% respectively,
significantly higher than the specificities of CYFRA21-1
and NSE. The sensitivities of Y significantly higher than
CYFRA21-1, NSE and FER. This suggests that the specificity
and sensitivity of the regression model were higher than all the
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single TMs described in the article. Of course, the regression
model also had disadvantages, which was more complicated.
The main decision tree methods in the R statistical were
CART and CTree. CTree technology had advantages that
were simpler operation and easier to interpretation of the
results than CART. Therefore, the CTree method was used
in this study (11). The results of the decision tree form a
flow chart which is closer to the clinical practice. Only NSE
and CYFRA21-1 were considered to be associated with the
differential diagnosis of NPC. NSE appears twice as a split
node, which results in terminal nodes 6 and 7, and was a very
important serum tumor marker. When NSE >15.91, the
positive predictive value was 93.8%. In the lower NSE group,
when the CYFRA21-1 was greater than 3.3, the positive
predictive value was 92.3%. All two groups were given a
good positive predictive value. The positive predictive value

Transl Cancer Res 2018;7(6):1406-1412
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between 11.53 and 15.91 was 72.2%, additional detection
methods were needed to distinguish them. The decision tree
model was poor for negative prediction because 27.5% of the
nasopharyngeal cancer patients were considered negative.
Serum CYFRA21-1 was 19 soluble fragments of keratin
that was found in epithelial cells of a malignant tumor (12).
The CYFRA21-1 was associated with the prognosis,
metastasis and differentiation of nasopharyngeal carcinoma.
Ma et al. demonstrated that serum CYFRA21-1 levels which
taken before radiotherapy and chemotherapy predicted
survival in patients with nonmetastatic (13). The serum
level of CYFRA21-1 without radiation and chemotherapy
would be a reliable biomarker to evaluate the long-term
prognosis of patients with NPC (14). Song et al. indicated
that the AUC, sensitivity and specificity of elevated serum
CYFRA21-1 in patients with NPC were 0.91, 83% and
89%, respectively (4). In this study, CYFRA21-1 was
not only the strongest predictor (OR =2.315), but also
an important split node in the decision tree. At the same
time, it increased along with the progress of the disease.
The sensitivity and specificity of CYFRA21-1 were 71.8%
and 80.6%, and it was slightly below compared with that
reported in the literature. Different control group may be
partly responsible for the difference in the study results.
NSE was known as a serum marker of small cell lung
carcinoma (SCLC), retinoblastoma and neuroblastoma
(15,16). In this article, the sensitivity and specificity of
NSE were 66.8% and 77.8%. NSE was also an important
predictor (OR =1.272), second only to CYFRA21-1. NSE
was also a vital node that formed the decision tree with
CYFRA21-1. However, the level of serum NSE showed
no significant difference between patients with early and
middle-late stage groups NPC. NSE was not a useful
marker for NPC aggressiveness, but a predictive marker.
SCCAg was a subunit of squamous epithelial cell
associated antigen TA-4 and one member of serine protease
inhibition of glycoprotein family (17). No difference was
observed for SCCAg not only in NPC and benign disease
groups, but also in the early and middle-late stage NPC.
Kimura and Barak have demonstrated that the level of
serum SCCAg was increased in head and neck squamous
cell carcinoma (13,18), which was inconsistent with our
results. The reason we speculated here is that the research
object of these documents are the head and neck cancer,
of which only a small amount of NPC. Kearsley states that
cellular SCCAg expression was related to the level of cellular
differentiation in squamous epithelia. As the worse the
differentiation, the weaker the expression. SCCAg expression
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was consistently absent in poorly differentiated (11).
It suggested that the main reason for the low expression of
SCCAg may be that the cases of NPC we have studied were
undifferentiated squamous cell carcinoma, although there
were differences in paraffin samples and serum samples.

Elevated FER levels have been detected in a variety of
malignancies (19,20). Similarly, we found that FER was also
higher in NPC, but did not increased along with the progress
of the disease. FER had little effect on NPC prediction (OR
=1.003), meanwhile, it was also eliminated by the decision tree.
Serum FER levels were revealed to be not associated with age,
survival and recurrence rates on multivariate analysis (12).

These nine TMs were analyzed to determine their
significance for the diagnosis of NPC. Firstly, we used non-
parametric Mann-Whitney U test to exclude SCCAg, AFU,
CA125, CA19-9 and CEA thats CA72-4, CYFRA21-1, NSE
and FER left. And then we further ruled out CA72-4 by
Logistic regression analysis, leaving CYFRA21-1, NSE and
FER. And the corresponding the value of OR were obtained, we
found that CYFRA21-1 was the strongest predictor, followed
by NSE, and FER the weakest. Finally, the decision tree was
used to exclude FER, and the remaining NSE and CYFRA21-1.
NSE and CYFRA21-1 formed the tree structure of the two-
layer branches, similar to the flow chart. CYFRA21-1 and NSE
combination of serum TMs can improve diagnostic sensitivity
and specificity, and facilitates the early diagnosis and differential
diagnosis. Of course, this research had some limitations, which
was a retrospective single center analysis.

In conclusion, the combination of CYFRA21-1 and NSE
will be beneficial for distinguishing NPC from BND. Decision
tree model may help clinicians to conveniently predict NPC,
and provide guidance in choosing suitable detection and
treatment. CA72-4, SCCAg, AFU, CA125, CA19-9, CEA and
FER did not have diagnostic value of the NPC.
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