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Abstract
Background: Detection of tumor abnormal protein (TAP) is a recently developed but not widely used
method for screening malignancies. This study is aimed to assess the ability of TAP level in
distinguishing solid malignancies.
Methods: The TAP levels were compared between malignancies and benign disease patients, and the
distinguish ability were evaluated by receiver operating characteristic (ROC) curve analysis. We further
analyzed TAP levels in physical examination populations with different genders and age， and compared
clinical parameters in TAP positive and negative groups.
Results: We found that TAP levels were getting higher from benign to precancerous lesions and to
malignancies, and TAP levels were decreased after tumor resection. ROC curve analysis showed that TAP
levels might aid to distinguish between malignancies and benign diseases. In the physical examination
populations, the positive ratio of TAP was 3.7% (4.6% to female and 3.1% to male), and the TAP levels
were higher in female. The TAP levels in populations above 60 year age were higher than those in less
than 60 years, which increased with age. The hemoglobin levels were lower in TAP positive populations.
Conclusion: TAP was an effective biomarker of screening and following-up for malignancies. There may
be some potential links between TAP and hemoglobin, which deserve further studies.

Introduction
Tumor abnormal protein (TAP) is a complex of glycoprotein and calcium-histone released by tumor cells
during metabolism, and is considered as the biomarker among solid malignancies [1, 2]. TAP is different
from traditional tumor biomarkers which were only detected for specific tumor biomarkers in specific
tumors. By detecting a variety of tumor-associated abnormal sugar chains in peripheral blood, more
tumor signals can be aggregated at high concentrations [3]. Due to convenient detection, sensitivity and
broad spectrum, TAP detection has been routinely performed to many hospitalized patients, as well as in
physical examination population. At present, some reports [4, 5, 6] demonstrated that TAP was closely
related to a variety of tumors. Ma, et al [4] found that TAP combined with transvaginal ultrasound had a
higher accuracy for the diagnosis of early endometrial cancer. Zhang et al [5] found that TAP contributed
to the initial diagnosis of bladder cancer. Li et al [6] found the overall survival rates of patients with low
expression of TAP in pancreatic, gallbladder, bile duct, and liver cancers were significantly elevated than
patients with high expression of TAP. TAP is now being gradually applied for early detection of cancer.
However, there are still some uncertainties for this diagnostic method. Therefore, this study will evaluate
serum TAP detection in diagnosis of solid malignancies.
In clinic, the diagnosis, treatment and prognosis assessment of malignancies are increasingly
personalized [7, 8]. Therefore, searching differences in individuals from populations was an important
direction for development of medical therapy. The development of precision medicine is facilitated by the
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development of diagnostic criteria according to the characteristics of different populations. In clinical
practice, there are many laboratory parameters that select different reference ranges to diagnose different
populations, such as the level of hemoglobin among populations with different genders [9, 10]. This study
compared the TAP levels among different populations to determine the population heterogeneity, and to
provide the new bases for accurate diagnosis.

Materials And Methods

Research population
The populations enrolled in this study were the inpatients of the General Medical Department and the
physical examination subjects of Physical Examination Center in the Second Affiliated Hospital of
Soochow University from October 2017 to June 2019. All the subjects have completed the detection of
TAP, and these with unclear diagnosis and incomplete data were not enrolled in the study. There were 638
cases of inpatients, including 438 cases of benign diseases, 24 cases of precancerous lesions, and 176
cases of malignancies. A total of 630 physical examination subjects were enrolled, including 392 males
and 238 females. 89 subjects were older than or equal to 60 years old, and 541 cases were younger than
60 years old(Table 1). In this study, inpatients were selected to study the distinguishing ability of TAP, and
physical examination subjects were selected to discover the heterogeneity of TAP.
Table 1
Number of inpatients and physical examination people
Gender
Physical examination
subjects

Age

Total

Female

Male

≥ 60 years

< 60
years

238

392

89

541

Diseases
Inpatients

630
Total

Benign
diseases

Precancerous lesions

malignancies

438

24

176

638

Tap Detection
TAP detection is a clinical standard test in the Second Affiliated Hospital of Soochow University hospital,
and the price is about US$75. Acquisition 2ml peripheral blood from fingertips, then made two pieces of
blood smear, dry for 10min, 3 drops of TAP reagent (Zhejiang Ruisheng Medical Technology Co., Ltd.)
about 150ul were dripped on the blood smear. A coagulation staining reaction was performed and
produced aggregated particles. The TAP aggregated particles were measured with a 40x objective lens by
two pathologists.
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Inpatients
According to the diagnostic criteria of World Health Organization (WHO) [11–15], inpatients who had
received TAP test were divided into benign disease group, precancerous lesion group and malignant
tumor group. The diagnostic criteria for precancerous lesions were based on pathological detection with
standard procedure, including atypical hyperplasia of esophageal squamous cells and Barrett's
esophagus, gastrointestinal metaplasia, intraepithelial neoplasia and heterosexual hyperplasia, atypical
hyperplasia of mammary duct and lobular epithelium, and intraepithelial neoplasia, tubular adenoma,
heterosexual hyperplasia in colorectum, atypical hyperplastic nodules in liver, cervical intraepithelial
neoplasia, and so on; and the diagnose of malignancies were based on the pathological detection with
malignant cells and/or imaging evidence. All benign disease patients were excluded from malignancies
by high-resolution computerized tomography (CT) or magnetic resonance imaging (MRI). There were no
special requirements for the disease state and treatment stage of all patients in this study. The
postoperative follow-up patients were completely remission according imaging diagnosis, and no special
requirement for postoperative adjuvant treatment.

Physical Examination Subjects
In order to avoid the influence of subjective factors, we adopted the double-blind method when analyzing
the heterogeneity of TAP levels in physical examination subjects. Among all 630 physical examination
subjects, only 23 had positive TAP. 24 subjects were selected from remaining 607 people as TAP-negative
group using randomly stratified sampling. The following parameters of physical examination subjects
were included: age, gender, results of chest CT, tumor biomarkers (alpha-fetoprotein (AFP),
carcinoembryonic antigen (CEA), ferritin, saccharide antigen CA125, saccharide antigen CA153,
saccharide antigen CA199, saccharide antigen CA242, total prostate specific antigen (t-PSA), free
prostate specific antigen (f-PSA), cytokeratin 19 fragment (CYFRA211), neuron specific enolase (NES),
precursor of gastrin releasing peptide (ProGRP), human chorionic gonadotropin (HCG), human growth
hormone (HGH)) and laboratory parameters (hemoglobin, white blood cell and platelet). We further
analyzed differences of pulmonary nodule, tumor biomarkers and laboratory parameters between the two
groups.

Statistical Methods
The SPSS 20.0 software package (SPSS, USA) was utilized for the statistical analysis. Mann-Whitney's U
test were performed for continuous variables, and categorical variables were analyzed using Pearson chisquare analysis or Fisher's exact test. The receiver operating characteristic (ROC) curve and the area
under the ROC curve (AUC) were used to test the ability of TAP levels in distinguishing malignancies and
benign diseases patients. Spearman correlation test was performed for correlation analysis of
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quantitative data. For all statistics, a two-tailed P value less than 0.05 was determined as statistically
significant.

Results

The levels of TAP detection in inpatients
The levels of TAP in patients with malignancies [median 187 (range 80–402)] were significantly higher
than those in patients with benign disease [median 101 (range 41–305), P < 0.001, Fig. 1]. In
precancerous lesions group, the TAP levels [median 161.5 (range 69–183)] were significantly higher than
those of benign disease group, and lower than those of malignancies group (P = 0.017, P < 0.001,
respectively, Fig. 1).
Distinguish between malignancies and benign diseases patients with TAP levels
ROC curve analysis showed that TAP levels had significant differences between malignancies and benign
diseases (AUC = 0.922, 95% confidence interval (CI) = 0.898–0.947, P < 0.001, Fig. 2). When the cut-off
value of TAP level was 124.50, the Yoden index (sensitivity + specificity − 1) was the largest and the
maximum in terms of discrimination ability. Clinically, the TAP level was defined as 121µm2 to serve as
the diagnosis standard from tumors, which was very close to our statistical results. Whereas clinical
diagnostic criteria were derived from studies with larger sample sizes, this study still using 121µm2 to
divide the population into TAP-positive and TAP-negative. The value of TAP levels more than 121µm2
were defined as TAP-positive, and in contrast 0-121.00 µm2 defined as TAP-negative.

Monitoring Of Tap Level In Follow-up Malignancies Patients
We had randomly followed up 10 newly diagnosed patients, who were candidates for surgical procedures,
and found that TAP level was significantly declined from the initial diagnosis to post-surgical operation.
(P < 0.001, Fig. 3).

Tap Positive Ratio In Physical Examination Subjects
There were 23 of the 630 physical examination subjects whose TAP levels were greater than 121µm2, and
the positive ratio was 3.7%. The physical examination subjects were divided into male and female
groups. In the male group, there was a positive ratio of 3.1%, including 12 cases in all 392 male physical
examination subjects; and in the female groups, there was a positive ratio of 4.6%, including 11 of 238
female physical examination subjects. In contrast to male physical examination populations, TAP levels
(female median 94 (range 59–148) vs. male median 87.00 (range 57–144), P = 0.001, Fig. 4) in female
were significantly higher. As for age factor, the TAP levels in subjects of > 60 year old were higher than
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those in less than 60 years (median 87.00 (range 57–148), P < 0.001, Fig. 4). Further analysis revealed
that TAP levels increased with age in the physical examination subjects (Fig. 4).
Comparison of pulmonary nodules in TAP positive and negative subjects in physical examination
Routine physical examination items, usually including chest XCT scan, were performed in the Second
Affiliated Hospital of Soochow University. This study showed that the positive ratio of pulmonary nodules
was 94% (17/18, 6 patients without data of chest CT) in the TAP-positive group, and 67% (16/24) in the
TAP-negative group,which declared the increasing trend in the TAP positive group (P = 0.055). The
number of pulmonary nodules was 2.5 (range 1–7) in TAP-positive people, and was 2 (range 1–6) in TAPnegative people. The media size of largest pulmonary nodules was 7 (range 5–11) mm in TAP-positive
people and was 6 mm (range 5–10) in TAP-negative patients. However, there was no statistically
significant difference between the two groups in terms of the number or size of pulmonary nodules (P =
0.201 and P = 0.615).

Correlation Between Tap And Tumor Biomarkers
From 23 TAP-positive and 24 TAP-negative subjects, tumor biomarkers were collected, and then analysis
were performed. There was no statistical difference between TAP levels and tumor biomarkers, such as
CA199 (R=-0.063, P = 0.673), NES (R = 0.027, P = 0.856), CEA (R = 0.057, P = 0.706), CA242 (R = 0.103, P =
0.611). Fer ferritin (R=-0.020, P = 0.897), HCG (R = 0.188, P = 0.414), AFP (R = 0.028, P = 0.851), f-PSA (R =
0.210, P = 0.302), t-PSA (R=-0.067, P = 0.704), CA125 (R = 0.218, P = 0.146), HGH (R = 0.311, P = 0.170),
CA153 (R = 0.058, P = 0.748), ProGRP (R=-0.162, P = 0.440) and CYFRA211 (R = 0.044, P = 0.835).
Comparison of laboratory parameters between TAP positive and negative groups
Several laboratory parameters were tested and compared between the TAP positive to TAP negative
groups. The hemoglobin levels [141 (range 98–175)] in TAP positive group were significantly lower than
those in TAP negative group [155 (range 127–174)], and the difference between them was statistically
significant (P = 0.040, Table 2). There was no significant difference in white blood cell levels, platelet
levels, and tumor marker levels between the two groups (P > 0.05, Table 2).
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Table 2
Comparison of laboratory data for TAP positive and negative patients
Parameters

TAP(+)(N = 23)

TAP(-)(N = 24)

P value

WBC(×109/L)

6(3.9–8.4)

5.7(4–8)

0.837

HB (g/L)★

141(98–175)

155(127–174)

0.040

PLT(×109/L)

232(148–365)

231(135–274)

0.716

AFP (ng/ml)

0.93(0.24–6.29)

0.4(0.24–4.55)

0.756

CEA (ng/ml)

1.29(0.23–5.30)

1.32(0.39–4.12)

0.992

CA125 (U/ml)

6.34(1.69–12.65)

7.225(2.30–11)

0.125

CA153 (U/ml)

5.98(0.53–19.74)

5.6(3.19–20.06)

0.899

CA199 (U/ml)

7.05(0.6-44.77)

6.645(2-19.9)

0.748

CA242 (U/ml)

2.1(1-3.63)

2.11(1.46–2.67)

0.394

NES (ng/ml)

9.22(1.43–26.14)

9.27(1-15.39)

0.896

Fer-ferritin (ng/ml)

140.9(7-396.1)

82(13.5-362.1)

0.955

HCG (ng/ml)

0.19(0.02–0.34)

0.085(0.01–0.63)

0.257

HGH (ng/ml)

0.11(0.01–3.11)

0.045(0.01–0.25)

0.319

t-PSA (ng/ml)

0.37(0.04–4.29)

0.16(0.04–1.40)

0.709

f-PSA (ng/ml)

0.07(0.02–1.07)

0.085(0.02–0.45)

0.533

ProGRP (ng/ml)

30.675(21.3-55.94)

37.12(17.8–47.5)

0.295

CYFRA211 (ng/ml)

2.34(0.98–12.77)

2.27(1.61–3.58)

0.810

★

The difference was statistically significant (P < 0.05)

Discussion
For malignancies, early detection, early diagnosis and early treatment are important means of prevention
and treatment. Physical examination and effective screening methods have been proven to be able to
effectively reduce the social burden of malignancies [16, 17]. From 1990 to 2015, the overall cancer
mortality rate fell 25% in the United States, which can be attributed to the introduction of high-quality
cancer screening and the emergence of new screening methods [18]. TAP, with the classification standard
of 121µm2, has been used as detection index of malignancies in clinic. This study evaluated the
diagnostic ability of TAP level, analyzed the heterogeneity among different populations, and further
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investigated its relevance with clinical parameters for exploring more mechanisms. The results will be
discussed in detail, respectively.
The accurate standard for malignancies screening is pathological examination, but it has limitation and
is not suitable for most people. Therefore, indirect screening is still the most used diagnostic method in
clinic [19]. This study showed our TAP level results were statistically consistent with the clinical standards,
preliminary indicating that the method was reliable. We found the levels of TAP in malignancies patients
were higher than those in precancerous lesion patients, and so on in precancerous lesion and benign
patients. As the host cells became cancerous, TAP levels gradually increased, which suggested that TAP
level could not only indicate the occurrence of malignancies, but also predict the development of
malignancies. Further research showed that TAP level could be used as indicators to separate
malignancies from benign diseases. Currently, our hospital recommended the cut off value to be 121µm2
as a parameter to distinguish TAP positive and TAP negative. In this study, the ROC curve analysis
showed that the cut-off value could be 124.5, which has the highest sensitivity and specificity. The
difference may be due to the different states of tumor patients, the limited sample size, and the
population heterogeneity. Following up newly diagnosed patients, we found that the levels of TAP were
decreased significantly after surgery of removing the tumors in these patients. This further indicated the
TAP index had exceptional sensitivity to monitor malignancies.
Indirect malignancies screenings always accompanied with impaired screening effectiveness due to a
decline in the performance characteristics including false positives and false negatives [20]. In this study,
we analyzed population heterogeneity in the physical examination subjects. Our result showed that the
positive ratio of TAP was 3.7%, including 3.1% male and 4.6% female. According to the American Cancer
Society's 2019 report [21] on the incidence of malignancies from 1975 to 2015, the total incidence of
malignancies in the United States in 2015 was about 425/100,000, including about 460/100,000 men
and about 410/100,000 women, which was obviously lower than the positive ratio of TAP in our physical
examination populations. Although the several precancerous patients whose positive TAP might had
increased the overall TAP-positive rate,it still indicated that the sensitivity of TAP detection was high, but
the specificity was poor.
Our result showed that the positive rate of TAP test in females was higher than that in males, indicating
that TAP levels may be affected by the gender. To this end, this study further compared the TAP levels of
different genders of physical examination subjects, and found that the levels of TAP in female were
significantly higher than those in males, which further indicates that the TAP levels among different
gender population with heterogeneous. Therefore, different distinguished standard should be formulated
and based on gender to strengthen accuracy.
Further analysis found that the TAP levels in the subjects over 60 were significantly higher than those in
younger subjects. Additionally, the TAP level increased with age. Clinically, age was an independent risk
factor for many malignancies, the median age of onset in many malignancies is greater than 60 years old
[21]

. The incidence of malignancies has correspondingly increased with age [22, 23]. The trend changing
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with age in TAP detection was consistent with tumors incidence, which further indicated that TAP
detection had higher sensitivity, and also reflected the high reliability of the data in this study.
Pulmonary nodules were common abnormal results in chest XCT examinations. A number of circulating
biomarkers and tumor markers, such as plasma microRNAs and circulating cytokines, have been
suggested as possible candidates to aid malignant risk assessment for pulmonary nodules, but
validation studies are currently lacking [24, 25]. Clinically, regular follow-up examination is recommended
for people with small pulmonary nodules. Chest XCT scan is usually performed in physical examination.
The positive rate of pulmonary nodules showed an upward trend in the TAP-positive population, but there
was no statistical significance between TAP-positive with TAP-negative populations, and no statistical
difference in the number and the sizes of pulmonary nodules. The cause of pulmonary nodules was
diverse. Pulmonary nodules may not lead to obvious clinical symptoms in the early stage, but they may
become malignant later [26]. There was no significant statistical correlation between lung nodules and
TAP levels in this study, which may be due to small subject numbers. However, the positive rate of
pulmonary nodules in TAP-positive patients was on the rise, suggesting that TAP detection may be one of
the indicators for regular follow-up of pulmonary nodule-positive patients.
Clinically, tumor biomarkers [27, 28] were commonly used as indicators for detecting malignancies with
high sensitivity and specificity. These tumor biomarkers usually tend to be malignancy type specific.
Therefore, it is important to find new detection methods that are sensitive to multiple malignancies.
Correlation analysis between TAP levels and tumor biomarker levels in this study did not show
statistically differences, which indicated that TAP was not a simple extension of the traditional tumor
biomarkers, but an independent indicator of tumor screening. TAP detection combined with some variety
tumor biomarkers could substantially detect a variety of tumors. TAP detection could screen a variety of
malignancies. However, the specificity was poor because TAP level could not reflect one or more
malignancies like traditional tumor biomarkers. Thus, it was more suitable for initial screening than for
diagnosis.
We had further analyzed the correlation between TAP level and laboratory parameters in physical
examination subjects. The study found that there was statistically difference in hemoglobin levels
between the TAP positive and the TAP negative subjects. As the diagnostic criteria of hemoglobin were
different in gender groups, we also found TAP levels were different between male and female. Further
analysis and study on larger samples and mechanisms will be required to determine relationship among
gender, hemoglobin and TAP to ascertain the diagnostic criteria.
There were still several limitations in this study. Firstly, different stages of malignant tumor patients
might lead to statistical heterogeneous. Secondly, this study showed that there were differences of TAP
levels in different gender groups. Due to the large heterogeneity of the patients and the limited of sample
size, the accurate of diagnostic criterion in different gender people were insufficient. Thirdly, the number
of cases varies greatly among different patients, especially the number of patients with precancerous
lesions is small, and the statistical results are less reliable. Finally, this study indicated that there were
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possible links among TAP, gender and hemoglobin. Therefore, we will perform statistical analysis on
larger sample data, complete relevant fundamental experiments, and explore related mechanisms in the
future.
In conclusion, TAP level was higher in female and elevated with age. TAP was a potential biomarker for
screening and following-up of malignancies, which was sensitive to multiple malignancies. There may be
some potential links between TAP and hemoglobin, which deserve further investigation.
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Figure 1
TAP levels in patients with benign disease, precancerous, and malignancies.
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Figure 2
TAP level was an effective indicator to differentiate malignancies from benign diseases (When the Yoden
index (sensitivity + specificity -1) was the largest, the cut-off value of TAP level was 124.50, with the
ability to distinguish between malignancies and benign diseases.)
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Figure 3
The changing of TAP levels in malignant patients from initial diagnosis to post operation (Randomly
selected initial diagnosed patients for dynamic monitoring, there was a significantly decrease of TAP
levels in malignant patients after surgery.)
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Figure 4
TAP levels in different genders and age gradient groups (TAP levels were higher in female physical
examination subjects, and also increased with age.)
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