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Introduction
Prostate cancer (PCA) is one of the most common malig-
nancies in men. It is associated with age, genetics, diet, 
environment and sex hormones [1, 2]. According to its 
staging characteristics, early diagnosis and follow-up 
active treatment of prostate cancer patients is the key to 
improve the survival and prognosis of patients.

Currently, the diagnosis of prostate cancer predomi-
nantly encompasses digital rectal examination (DRE), 
prostate-specific antigen (PSA) and transrectal prostate 
biopsy under ultrasound guidance. Notably, the definitive 
diagnosis relies mainly on prostate biopsy coupled with 

BMC Cancer

†Liusong Fu, Chi Zhang and Zewen Wang contributed equally to this 
work.

*Correspondence:
Mengqi Yu
13091618791@163.com
Lijun Xu
xulijun7313079@163.com
Yachen Zang
zangyachen@126.com
1Department of Urology, the Second Affiliated Hospital of Soochow 
University, Suzhou, China
2Department of Urology, Changzhou Maternal and Child Health Care 
Hospital, Changzhou, China

Abstract
Purpose To explore the clinical value of tumor abnormal protein (TAP) in the diagnosis and prognosis evaluation of 
prostate cancer.

Methods This study enrolled a total of 265 patients who underwent prostate biopsy procedures from December 
2017. TAP levels were assayed in their blood samples using a validated TAP testing kit. Comprehensive pathological 
assessments, including Gleason scores, TNM staging, and AJCC prognosis stages, were conducted on prostate cancer 
patients. Further analysis was carried out to examine the correlation between TAP expression levels and various 
clinical characteristics.

Results A significantly elevated TAP concentration was discerned in prostate cancer patients relative to those with 
benign prostate hyperplasia. Moreover, a significantly elevated TAP expression was detected in prostate cancer 
patients with high Gleason score (≥ 8) and advanced stages (III and IV), as compared to those with Gleason scores of 
6 and 7 and lower stages (I and II). When diagnosing prostate cancer in gray area of PSA, TAP demonstrated superior 
diagnostic capabilities over PSA alone, with higher diagnostic sensitivity, specificity and accuracy than fPSA/tPSA 
ratio. Additionally, post-surgical or hormonal treatment, there was a marked reduction in TAP expression level among 
prostate cancer patients.

Conclusion The assessment of TAP presents itself as a promising tool for early diagnosis and holds potential for 
sensitivity in monitoring treatment reponse in prostate cancer patients.
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histopathological evaluation [3]. Despite their diagnostic 
significance, invasive nature and potential complications 
render these biopsies less than ideal as a preliminary 
screening tool for routine use, thereby posing a challenge 
in clinical practice [4].

In comparison to other neoplastic diseases, prostate 
cancer exhibits a more pronounced degree of intra-
tumor heterogeneity, a characteristic that has garnered 
more attention in recent years [5]. Consequently, there 
has been a growing trend towards the employment of 
multiple tumor markers for improved diagnostic pre-
cision. These detection methods offer relative conve-
nience and repeatability, rendering it a potential tool 
for use as an indicator of early diagnosis, preliminary 
screening and continuous monitoring for tumor pro-
gression in patients. When it comes to the early diag-
nosis of PCA patients, PSA stands out as the most 
extensively utilized tumor marker. However several 
studies have evidenced that reliance solely a single PSA 
test lacks specificity and precision in accurately dis-
tinguishing between early-stage prostate cancer and 
benign prostatic hyperplasia. This limitation may lead 
to an increased likelihood of unnecessary biopsy pro-
cedures [6, 7].

Tumor abnormal protein (TAP), synonymous with 
aberrantly glycosylated glycoprotein, represents a class 
of anomalous glycosylation products shed during the 
metabolic processes of neoplastic cells. Its detection 
results indirectly indicate that the number and level of 
tumor cells are closely related to the occurrence, devel-
opment and metastasis of tumors [8]. TAP becomes eas-
ily discernible in the peripheral blood upon reaching 
a detectable concentration threshold, thereby offering 
a minimally invasive and highly convenient diagnostic 
modality with minimal patient discomfort. Numberous 
studies have attested to diagnostic and/or prognostic 
significance of TAP measurements in a range of solid 
tumors, including gastric cancer, bladder cancer, and 
colorectal cancer [9–11]. Moreover, TAP holds consider-
able potential as a pan-tumoral marker with applicabil-
ity to the diagnosis of pancreatic, gallbladder, bile duct, 
and liver cancers [12]. Despite this expanding repertoire 
of applications, the utility of TAP for prostate cancer 
diagnosis remains unexplored. The present study was 
designed with explicit objective of elucidating the diag-
nostic value and prognostic implications of serum TAP 
testing for prostate cancer.

Materials and methods
Clinical data
The present prospective study was initiated in Decem-
ber 2017 and encompassed a cohort of 265 patients 
who underwent prostate biopsy in the department of 
urology of the Second Affiliated Hospital of Soochow 

University. Among these patients, 135 were confirmed 
as prostate cancer, while the remaining 130 were diag-
nosed with benign prostatic hyperplasia (BPH). This 
study was completed with the informed consent of all 
the patients. Inclusion criteria for the study were: (1) 
The patients who underwent a prostate biopsy, with 
subsequent histopathology confirming a diagnosis of 
benign prostatic hyperplasia or prostate cancer. (2) 
The patients agreed to participate in this study. Exclu-
sion criteria: (1) The patients were diagnosed with 
other malignancies. (2) Factors influencing PSA levels, 
e.g., acute prostatitis, 5α-reductase inhibitor use etc.3) 
Interfering factors for TAP assay, including active 
rheumatic disease, unhealed fractures, autoimmune 
disorders, tuberculosis, severe cardiac, pulmonary, 
hepatic, or renal impairment.

Prostate biopsy
Prostate biopsies was performed in patients for the fol-
lowing indications: abnormal digital rectal examination, 
PSA elevation (> 4 ng/ml), or suspected prostate cancer 
based on MRI or other examinations. All the patients 
were performed transrectal ultrasound (TURS) guided 
biopsy, utilizing a standard 10 + X cores sampling proto-
col. The biopsy specimens were promptly fixed in neutral 
buffered formalin and subsequently dispatched for histo-
pathological assessment.

Detection of TAP
Reagent
TAP reagent utilized in this study was sourced from Zhe-
jiang Ruisheng Medical Technology Limited [13]. The 
reagent contains agglutinin, which faciliates the aggre-
gation of diverse aberrant glycan glycoproteins and cal-
cium-histones into distinctive, crystal-like aggregates. 
These formed structures are amenable to visualization 
under a standard light microscope.

Blood collection, preparation and testing
Blood samples were obtained from the distal pha-
lanx of the middle finger of all participating patients. 
The collected blood was evenly distributed onto three 
separate slides, promptly spread to create thin blood 
smears, and allowed to air-dry at ambient temperature 
for 10  min. Subsequently, the reagent was thoroughly 
homogenized before being applied to each slide, result-
ing in the formation of three distinct, homogeneous 
deposits. These prepared slides were then meticulously 
positioned within a designated purification chamber, 
maintained at a constant temperature of 25℃ and a rel-
ative humidity of 50%. Following an incubation period 
of two hours, the slides were examined to record the 
outcomes of the assay.
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Determination of detection results
TAP positive/larger condensates: having a single conden-
sate with an area of ≥ 225mm2 (Fig.  1A) or having 3 or 
more condensates with an area of 121 to 225mm2.

TAP positive/smaller condensates: having 2 conden-
sates with an area of 121 to 225mm2 (Fig. 1B) or having 3 
or more condensates with an area of 81 to 121mm2. TAP 
negative: Samples were confirmed as TAP-negative when 
there was no condensate, or condensates with an area of 
< 81mm2 (Fig. 1C) or 2 or less condensates with an area 
of 81 to 121mm2 [14].

Statistical analysis
Statistical analysis was performed using the Statistical 
Package for the Social Sciences (SPSS) version 20.0 (SPSS 
Inc., USA) and GraphPad Prism 8.0 (GraphPad software, 
USA). Measurement data were expressed as mean ± stan-
dard deviation, and comparison between groups was 

using Student’s t test. P < 0.05 was considered to indicate 
statistical significance.

Results
TAP expression is increased in prostate cancer
In the present study, the mean TAP condensate area was 
determined to be 193 ± 52.1 mm2 in a cohort of 135 pros-
tate cancer patients, whereas for 130 BPH patients, the 
corresponding value was 118.3 ± 24.9 mm2. Concurrently, 
PSA levels averaged 167 ± 512.6 ng/ml and 11.47 ± 15.87 
ng/ml in prostate cancer and BPH patients, respectively. 
Statistical analysis revealed a highly significant differ-
ence (P < 0.001) between these two patient polulations 
(Fig. 2A). The detailed TAP expression profile and char-
acteristics of the prostate cancer patients were presented 
in Table 1. Subsequently, all prostate cancer patients were 
stratified into high-PSA expression group (PSA > 10 ng/
ml) and low-PSA expression group (4 < PSA ≤ 10 ng/
ml). Our findings indicated significant differences in 
TAP expression levels among prostate cancer and BPH 
patients in these groups (P < 0.001). Notably, the differ-
ence was more pronounced within the high PSA-expres-
sion group (Fig. 2B). Within the low-PSA cohort, prostate 
cancer patients and those with BPH exhibited mean 
PSA levels of 6.97 ± 1.56 ng/mL and 6.67 ± 1.56 ng/ml 

Table 1 The TAP expression detail and characteristics of the prostate can-
cer patients
 

Fig. 2 TAP expression is increased in prostate cancer. A Expression of TAP 
in prostate cancer and benign prostatic hyperplasia patients. B Expression 
of TAP in high-PSA expression. C PCA group (PSA > 10ng/ml), low-PSA ex-
pression PCA group (4 < PSA ≤ 10ng/ml) and BPH patients. (***P < 0.001, 
**P < 0.01)

 

Fig. 1 TAP detection results. A TAP positive/larger condensates, B. TAP positive/smaller condensates, C. TAP negative (magnification, ×400)
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respectively, demonstrating no statistically significant dif-
ference. These data collectively indicate that TAP expres-
sion is increased in prostate cancer, and suggest that the 
assessment of TAP in peripheral blood holds comparable 
diagnostic value to PSA in the early screening of prostate 
cancer.

TAP expression is increased in aggressive and metastasis 
prostate cancer
To investigate the association between TAP expression 
and progression of prostate cancer, we conducted a com-
parative analysis of TAP levels across varying Gleason 
grades and clinical stages. Upon stratification of TAP 
expression according to Gleason scores of 6, 7 or ≥ 8, a 
statistically significant elevation in TAP expression was 
observed in Gleason score ≥ 8 group compared to both 
Gleason scores 6 and 7 (P < 0.001). The expression of TAP 
in Gleason 7 group was comparable to that in Gleason 6 
group (Fig. 3A).

Regarding TAP expression across all clinical stages 
of prostate cancer, the results are presented in Fig.  3B. 
The patients were categorized into stages I through 
IV according to AJCC staging system. A dramatically 
increased TAP expression was evident in advanced stages 
(III and IV) relative to early stages (I and II) (P < 0.001). 
Moreover, the expression of TAP in stage IV was sig-
nificantly higher than in the remaining three stages 
(P < 0.001). These findings collectively indicated that the 
expression of TAP in prostate cancer increases apprecia-
bly with increasing Gleason grade and advancing clinical 
stage. Gleason grading serves as a crucial parameter for 
assessing the malignant potential of prostate cancer [15], 
while the AJCC clinical stage represents a standardized 
measure of the early and advanced stage of prostate can-
cer [16]. Hence, our data indicate a positive correlation 

between TAP expression and the overall malignancy of 
prostate cancer.

Furthermore, patients were divided into non-meta-
static and metastatic prostate cancer groups, revealing a 
dramatically higher TAP expression in metastatic group 
compared to non-metastatic group (Fig.  3C). These 
results indicate that TAP expression was elevated with 
increasing tumor grade and advanced tumor stage in 
human prostate cancer, further solidifying its potential 
role as a biomarker of disease aggression and progression.

TAP expression is associated with prostate cancer 
treatment
To explore the association between the expression of 
TAP and the therapeutic response in prostate cancer, 
we assessed TAP expression 6 months later post-laparo-
scopic radical prostatectomy in prostate cancer patients. 
As showed in Fig.  4A, a statistically significant reduc-
tion in TAP expression was observed in these patients 
following surgical intervention(P < 0.05). Additionally, 
we also conducted examinations on TAP expression 6 
months after initiation androgen deprivation therapy 
(ADT) combine with either bicalutamide or abiraterone 
in patients with advanced prostate cancer or those who 
were deemed intolerent to sugical entervention. It was 
showed that the TAP expression decreased following 
hormonal therapy(P < 0.01) (Fig.  4B). These results sug-
gest a positive correlation between TAP expression and 
the therapeutic efficacy of both radical ptostatectomy 
and hormonal therapies in protate cancer management. 
Consequently, TAP emerges as a promising candidate 
for monitoring the treatment response in these patients, 
potentially offering valuable insights into the effective-
ness of therapeutic interventions and guiding future clin-
ical decision-making.

Fig. 3 TAP expression is increased in aggressive and metastasis prostate cancer. A Expression of TAP in Gleason 6, 7 and ≥ 8 groups of prostate cancer 
patients. B Expression of TAP in PCA patients of stages from I to IV according to AJCC staging system. C Expression of TAP in non-metastasis and metastasis 
prostate cancer groups. (***P < 0.001, **P < 0.01)
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TAP has more diagnostic capabilities than other diagnostic 
methods in prostate cancer
PSA constitutes the benchmark for prostate cancer diag-
nosis, yet it is accompanied by a diagnostic ambiguity. 
Specifically, the 4 ng/mL to 10 ng/mL PSA range presents 
a zone of uncertainty, often referred to as the “gray area”, 
wherein false-negative diagnoses of prostate cancer can 
occur [17]. With the aim of elucidating the diagnostic 

efficacy of TAP in this context, we focused our analysis 
on patients whose PSA values fell within this gray area. 
We found that the diagnostic sensitivity, specificity and 
accuracy of TAP in patients with gray area were 74.07%, 
68.85% and 70.45%. By contrast, the fPSA/tPSA ratio 
exhibited lower performance, with sensitivity, specific-
ity and accuracy of 22.22%, 50.82% and 42.04%. Intrigu-
ingly, the concurrent assessment of both TAP and fPSA/
tPSA ratios led to a substantial improvement in diagnos-
tic prowess, achieving respective sensitivity, specificity 
and accuracy of 85.18%, 80.33% and 81.82% (Fig.  5A). 
Thus, TAP outperformed the fPSA/tPSA ratio in terms 
of diagnostic sensitivity, specificity and accuracy in the 
PSA gray area, while the combined evaluation of these 
two indices surpassed the diagnostic value of either index 
individually.

Subsequently, we constructed receiver operating char-
acteristic (ROC) curves to further assess the discrimina-
tory power of TAP and PSA in the context of prostate 
cancer diagnosis within the gray area. The area under the 
ROC curve (AUC) for TAP was calculated as 0.827, indi-
cating a statistically significant difference(P = 0.000). Con-
versely, the AUC for PSA alone was significantly lower, 
at 0.373 (Fig. 5B and C). These results demonstrate that 
TAP possesses superior diagnostic capabilities compared 
to PSA for prostate cancer detection within the gray area. 
Notably, the combined diagnostic efficacy of TAP and 
PSA was even more pronounced, yielding an AUC of 

Fig. 5 A TAP has more diagnostic capabilities than other diagnostic methods in prostate cancer The diagnostic efficacy of TAP, fPSA/tPSA ratio and 
combination of two indexes in patients with PSA gray area. B and C. ROC curves of TAP, fPSA/tPSA ratio and combination of two indexes in patients with 
PSA gray area

 

Fig. 4 A TAP expression is associated with prostate cancer treatment. B 
TAP expression in prostate cancer patients pre-operation and 6 months 
post-operation of laparoscopic radical prostatectomy. TAP expression be-
fore and after prostate cancer therapy of ADT combine with bicalutamide 
or abiraterone. ( **P < 0.01, *P < 0.05)
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0.877. This highlights the potential for enhanced diagnos-
tic accuracy when integrating TAP and PSA ratio mea-
surements in the assessment of prostate cancer within 
the challenging PSA gray area.

Discussion
TAP, an abnormal glycosylated protein emanating from 
the metabolic processes of tumor cells, has been dem-
onstrated in previous studies to serve as an indirect indi-
cator of tumor occurrence, progression and metastatic 
potential [18]. In gastric cancer patients, TAP levels 
have been shown to be significantly elevated compared 
to those in healthy controls, with a strong association 
observed between heightened TAP expression and longer 
progression-free survival among afflicted patients [19]. 
Integrating TAP examination alongside clinical mani-
festations and symptoms, it has proven valuable in the 
diagnostic workup of urothelial carcinoma of the bladder 
[10]. In colorectal cancer patients, the detection of TAP 
has consistently exhibited high degrees of both sensitivity 
and specificity [11]. In breast cancer, the concurrent mea-
surement of TAP in conjunction with three conventional 
three conventional serum biomarkers has been found to 
yield the highest sensitivity and specificity for the diagno-
sis of breast cancer [13].

In the present study, we observed significantly elevated 
TAP expression in prostate cancer patients compared 
to those with benign prostate hyperplasia. This finding 
was consistent with previous studies of other malignan-
cies that the positive rate of TAP in selected patients 
with cancer is significantly higher than that of nontumor 
patients [12]. Additionally, we demonstrated a positive 
correlation between TAP expression and the well-estab-
lished prostate cancer marker PSA, confirming TAP’s 
potential role as a promising diagnostic indicator. Fur-
ther statistical analysis revealed that TAP exhibits com-
mendable sensitivity and specificity for prostate cancer 
diagnosis, as evidenced by a wide variety of indicators, 
including omission diagnostic rate, mistake diagnostic 
rate, Youden index, positive predictive value and negative 
predictive value. Moreover, tt was suggested that com-
bining TAP with established markers and and adopting a 
holistic diagnostic approach could enhance the precision 
of tumor auxiliary diagnosis.

Furthermore, we revealed a progressive increase in 
the positive rate of TAP expression concomitant with 
advancement of prostate cancer, leading support to its 
potential utility in early disease detection. By categoriz-
ing patients according to AJCC staging system, ranging 
from I to IV, a marked increased TAP expression was 
evident in advanced stage (III and IV) ompared to early 
stage (I and II). Notably, the expression of TAP in stage 
IV patients was significantly higher than in those at 
stage I, II and III. The Gleason grading system, a critical 

prognostic factor in prostate cancer, plays a pivotal role 
in stratifying patients into risk categories and guiding 
therapeutic decision-making. When TAP expression was 
stratified according to Gleason score, a statistically signif-
icant elevation of TAP expression was observed in Glea-
son score ≥ 8 group relative to those with Gleason scores 
of 6 and 7. These findings strongly suggest an association 
between TAP expression and aggressive prostate cancer, 
implicating TAP as a potential biomarker for identifying 
high-risk tumors.

PSA is a widely employed serum biomarker for prostate 
cancer detection and surveillance, significantly contrib-
uting to early disease recognition. However, PSA test-
ing is not without limitations, particularly in the context 
of a diagnostic gray area that exists within the range of 
4 ng/mL to 10 ng/mL. Although an elevated PSA level 
above the traditional threshold of 4 ng/mL may prompt 
further evaluation for prostate cancer, the gray zone 
reveals a marked reduction in the specificity of the test. 
Many men with PSA levels within this range do not have 
prostate cancer but rather benign prostatic conditions 
that can elevate PSA levels, such as BPH or prostatitis. 
As a result, a substantial proportion of men in this gray 
zone will undergo unnecessary invasive procedures, such 
as prostate biopsy, without ultimately being diagnosed 
with cancer. In the context of prostate cancer screen-
ing, particularly for patients with PSA values within the 
diagnostic gray area, TAP detection exhibits superior 
diagnostic accuracy, and the combined assessment of 
TAP and fPSA/tPSA is more efficacious. Although the 
TAP assay is slightly more expensive than PSA, it remains 
significantly more cost-effective than magnetic resonance 
imaging (MRI). In the context of the PSA gray area, the 
utilization of TAP detection has the potential to cur-
tail superfluous ancillary investigations and attendant 
expenses, thereby contributing to a more streamlined 
and economically efficient diagnostic approach.

TAP examination, as simple and cost-effective modal-
ity, can be not only used in early diagnosis of cancer but 
also in post-treatment monitoring of therapeutic efficacy. 
This could be partially evidenced by existing literature 
[20]. For prostate cancer, surgery and hormonal therapy 
are effective and common ways of treatment in the clinic, 
especially in the early stage which was characterized by 
satisfying therapeutic effect. Our result proved that TAP 
expression was lower in patients following treatment 
compared to pre-treatment levels, indicative of TAP’s 
sensitivity in tracking treatment responses. It is perti-
nent to acknowledge that the present study had certain 
limitations. The study cohort was modest in size, and the 
follow-up period was relatively brief. Consequently, our 
investigation should be regarded as an initial appraisal of 
TAP’s utility in monitoring prostate cancer patients. To 
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substantiate our results, a larger-scale, prospective, mul-
ticenter study is warranted.

In conclusion, for patients with prostate cancer, it is 
extremely crucial to detect cancer at the very early stage 
and treat disease as soon as possible. Our findings indi-
cate that TAP holds promise as a potential biomarker for 
prostate cancer due to its enhanced sensitivity, prognos-
tic value, and complementary role to established markers. 
However, challenges related to standardization, interfer-
ence factors, cost, and the need for further research must 
be addressed to fully harness its potential in clinical prac-
tice. And, more extensive studies are in great demand to 
elucidate the potential role of TAP in prostate cancer.
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