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Abstract: Objectives: This retrospective study mainly analyzed the relationship between prostate tumor overex-
pressed 1 (PTOV1) and cytokeratin 19 fragment (Cyfra21-1) and neoadjuvant chemosensitivity in patients with lung 
adenocarcinoma (LUAC). Methods: A total of 110 LUAC patients who received neoadjuvant chemotherapy (cisplatin 
75 mg/m2 combined with pemetrexed 500 mg/m2) from February 2022 to February 2024 were selected. They were 
divided into a chemoresistant group (n=32) and a chemosensitive group (n=78) based on treatment response, 
and their clinical data were analyzed. Serum levels of PTOV1 and Cyfra21-1 in both groups were measured using 
enzyme-linked immunosorbent assays for comparison. The association between PTOV1 and Cyfra21-1 and neoadju-
vant chemosensitivity was evaluated, along with their predictive value for chemosensitivity in LUAC patients. Logistic 
multivariate regression analysis was conducted to further explore the factors influencing neoadjuvant chemosen-
sitivity. Results: Significant differences were observed between the chemoresistant and chemosensitive groups in 
age, distant metastasis, and tumor differentiation. The chemoresistant group showed significantly higher levels of 
PTOV1 and Cyfra21-1 compared to the chemosensitive group. Both PTOV1 and Cyfra21-1 were significantly correlat-
ed with neoadjuvant chemosensitivity, with an area under the curve of no less than 0.700 for predicting chemosen-
sitivity in LUAC patients. Logistic regression analysis indicated that distant metastasis, differentiation status, PTOV1, 
and Cyfra21-1 were independent factors influencing neoadjuvant chemosensitivity in LUAC patients. Conclusions: 
PTOV1 and Cyfra21-1 are upregulated in LUAC patients who are resistant to neoadjuvant chemotherapy. Both mark-
ers not only have predictive value for chemosensitivity in these patients, but are also independent factors affecting 
neoadjuvant chemosensitivity.
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Introduction

Lung cancer ranks second in incidence and 
first in mortality, accounting for nearly 12% of 
all cancers, with a mortality rate of 18% [1]. 
Non-small-cell lung cancer (NSCLC), particular-
ly lung adenocarcinoma (LUAC), is the most 
common form of lung cancer [2]. Risk fac- 
tors for LUAC include environmental tobacco 
smoke, air pollution, radon and arsenic expo-
sure, and occupational hazards like asbestos 
[3]. Although early surgery offers favorable out-
comes and prognosis for LUAC patients, many 
miss the window for optimal intervention, lead-
ing to poor overall outcomes [4, 5]. Standard 
chemotherapy for LUAC includes cisplatin and 

pemetrexed, but resistance to chemotherapy 
remains a significant challenge, resulting in 
suboptimal efficacy [6, 7]. Neoadjuvant chemo-
therapy (NACT) has proven effective in treating 
advanced LUAC, but tumor heterogeneity often 
reduces chemosensitivity, limiting the thera-
peutic benefits [8]. Therefore, identifying new 
biomarkers to predict NACT sensitivity in LUAC 
patients is crucial for improving treatment and 
prognosis.

Prostate tumor overexpressed 1 (PTOV1) con-
sists of 12 exons and is located on chromo-
some 19 (19q13) [9]. Initially identified in pros-
tate cancer, PTOV1 is closely linked to tumor 
proliferation, invasion, and metastasis. It also 
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promotes cell proliferation in cervical cancer  
as an oncogene [10-12]. Overexpression of 
PTOV1 has been associated with tumor devel-
opment and progression in esophageal squa-
mous cell carcinoma, suggesting it could serve 
as a prognostic marker and therapeutic tar- 
get [13]. In NSCLC, reducing PTOV1 expression 
enhances chemosensitivity by weakening can-
cer stem cell properties [14]. Cytokeratin 19 
fragment (Cyfra21-1), a fragment of cytokeratin 
19, is a useful biomarker in lung cancer for 
diagnosis, pathological classification, and stag-
ing [15]. According to Bi et al. [16], Cyfra21-1 
levels are significantly elevated in lung cancer 
patients compared to healthy individuals, mak-
ing it valuable for early diagnosis, differential 
diagnosis, and monitoring disease progression. 
Additionally, it can complement contrast-en- 
hanced computerized tomography (CT) in diag-
nosing NSCLC and evaluating chemotherapy 
response [17].

This study aims to explore the correlation 
between PTOV1 and Cyfra21-1 and neoadju-
vant chemosensitivity in LUAC patients. The 
association will be validated through clinical 
data analysis, correlation studies, and an eval-
uation of their predictive value for NACT sen- 
sitivity.

Materials and methodology

Study population

Inclusion criteria: ① Pathologically confirmed 
stage III or IV LUAC [18]; ② a Karnovsky Per- 
formance Scale (KPS) score ≥60 [19]; ③ an 
estimated survival >3 months; ④ one or more 
measurable lesions; ⑤ complete clinical data; 
⑥ no contraindications to NACT; ⑦ no prior 
local radiotherapy or chemotherapy; ⑧ no 
brain metastasis; ⑨ no deliberate conceal-
ment of clinical history; ⑩ at least two cycles of 
chemotherapy required.

Exclusion criteria: ① Pregnant or lactating 
women; ② other malignancies or contraindica-
tions to concomitant treatments; ③ symptoms 
of comorbid dyspnea; ④ use of anti-tumor 
treatments, such as traditional Chinese medi-
cine, during chemotherapy; ⑤ history of anti-
tumor therapy or blood transfusion within one 
month before admission for chemotherapy; ⑥ 
severe heart, liver, brain, kidney, or hematopoi-
etic dysfunction; ⑦ mental disorders or poor 
compliance.

The Ethics Committee of Shanxi Medical Uni- 
versity approved this retrospective study. A 
total of 110 LUAC cases admitted to the School 
of Basic Medical Sciences, Shanxi Medical 
University, were selected after rigorous screen-
ing based on the above inclusion and exclusion 
criteria from February 2022 to February 2024. 
All patients received NACT and were catego-
rized into a chemoresistant group (n=32) and a 
chemosensitive group (n=78) based on treat-
ment response. 

NACT regimen

All patients received NACT, with 500 mg/m2 of 
pemetrexed dissolved in 100 mL of normal 
saline administered intravenously over 10-30 
minutes, and 75 mg/m2 of cisplatin intrave-
nously infused on days 1 to 3, with a 21-day 
treatment cycle. Patients were assessed by 
computed tomography (CT), magnetic reso-
nance imaging (MRI), or electrochemotherapy 
(ECT) before treatment and received at least 
two cycles of chemotherapy.

Efficacy evaluation

Efficacy was assessed every two cycles of  
chemotherapy according to the Response 
Evaluation Criteria for Solid Tumors (RECIST) 
[20]: Complete remission (CR) is defined as  
the disappearance of all lesions with no new 
lesions, lasting for 4 weeks. Partial remission 
(PR) is a ≥30% reduction in the sum of the lon-
gest diameters of baseline target lesions, sus-
tained for 4 weeks. Stable disease (SD) refers 
to a reduction in the sum of the longest diame-
ters of baseline lesions without reaching PR, or 
an increase without reaching progressive dis-
ease (PD). PD is defined as a ≥20% increase in 
the sum of the longest diameters of target 
lesions from the smallest recorded measure-
ment, or the emergence of one or more new 
lesions. Patients with CR and PR were included 
in the chemosensitive group, while those with 
SD and PD were placed in the chemoresistant 
group.

Detection methods

Cubital venous blood was collected from all 
patients after fasting, prior to chemotherapy. 
The serum was separated by centrifugation 
and stored at low temperatures. Serum PTOV1 
and Cyfra21-1 levels were measured using 
enzyme-linked immunosorbent assays.
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Statistical methods

Statistical analyses were performed using 
SPSS 23.0. Quantitative data were expressed 
as mean ± standard deviation (

_
x±sd), and 

comparisons between groups were made using 
t-tests. Categorical data were presented as n 
(%), and group comparisons were analyzed 
using χ2 tests. Receiver operating characteris-
tic (ROC) curves were used to determine the 
thresholds of PTOV1 and Cyfra21-1 for predict-
ing chemoresistance. Independent risk factors 
influencing neoadjuvant chemosensitivity in 
LUAC patients were identified through multivari-
ate logistic regression analysis. Statistical sig-
nificance was set at P<0.05.

The sample size was rigorously selected based 
on inclusion and exclusion criteria, ensuring 
that the minimum required sample size (approx-
imately 25 per group) was met, as calculated  
by the sample size estimation formula. The  

formula is n
p p

Z Z p 1 p2 2

2 1

1 /2 1=
-

+ -#- -a b^ ^e h h o , 

where the expected effective rate for the che-
moresistant group is p1=30%, the expected 
effective rate for the chemosensitive group is 
p2=70%, the significance level (α) is 0.05, the 
test power (1-β) is 0.80, the combined expect-
ed incidence rate is p = (p1 + p2)/2 = 0.50, 
Z1-α/2 corresponding to α=0.05 is 1.96, and Z1-β 
corresponding to β=0.20 is 0.84. Using this  
formula, the estimated sample size for each 
group was n=24.5, rounded up to 25.

Results

Clinical data analysis of the chemoresistant 
and chemosensitive groups

The analysis of clinical data (Table 1) revealed 
no significant differences between the chemo-
resistant and chemosensitive groups in terms 
of gender, tumor location, clinical stage, smok-
ing history, or alcohol consumption (all P>0.05). 
However, significant differences were found in 
age, distant metastasis, and degree of differen-
tiation (all P<0.05).

Table 1. Clinical data analysis of the chemoresistant and chemosensitive groups

Clinical data Chemoresistant group  
(n=32)

Chemosensitive group  
(n=78) χ2/t P

Sex 0.019 0.890
    Male 18 (56.25) 45 (57.69)
    Female 14 (43.75) 33 (42.31)
Age (years old) 63.69±5.88 60.23±8.59 2.084 0.040
Tumor site 0.598 0.440
    Left 13 (40.63) 38 (48.72)
    Right 19 (59.38) 40 (51.28)
Clinical staging 0.186 0.666
    III 15 (46.88) 32 (41.03)
    IV 17 (53.13) 46 (58.97)
Distant metastasis 6.529 0.011
    Without 12 (37.50) 50 (64.10)
    With 20 (62.50) 28 (35.90)
Differentiation degree 10.147 0.001
    Moderately or well differentiated 9 (28.13) 48 (61.54)
    Poorly differentiated 23 (71.88) 30 (38.46)
History of smoking 0.135 0.714
    Without 16 (50.00) 36 (46.15)
    With 16 (50.00) 42 (53.85)
History of alcoholism 1.064 0.302
    Without 14 (43.75) 26 (33.33)
    With 18 (56.25) 52 (66.67)
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Comparison of PTOV1 and Cyfra21-1 levels 
between the chemoresistant and chemosensi-
tive groups

As shown in Figure 1, the PTOV1 levels in the 
chemoresistant and chemosensitive groups 
were 24.66±6.04 pg/mL and 18.31±6.49 pg/
mL, respectively. The Cyfra21-1 levels were 
9.59±2.34 ng/mL in the chemoresistant group 
and 7.61±2.68 ng/mL in the chemosensitive 
group. These results indicate significantly high-
er PTOV1 and Cyfra21-1 levels in the chemore-
sistant group compared to the chemosensitive 
group (P<0.001).

Correlation analysis between PTOV1 and 
Cyfra21-1 levels and neoadjuvant chemosen-
sitivity

Chemosensitivity was coded as 1 and chemo-
resistance as 2, and the correlation between 
PTOV1 and Cyfra21-1 levels and neoadjuvant 
chemosensitivity was analyzed using Spearman 
correlation coefficients. As shown in Figure 2, 
PTOV1 and Cyfra21-1 were both positively cor-
related with neoadjuvant chemosensitivity (r= 
0.402, P<0.001; r=0.329, P<0.001). Pear- 
son correlation coefficient analysis also indi-
cated a positive correlation between PTOV1 
and Cyfra21-1 (r=0.381, P<0.001).

Predictive efficacy of PTOV1 and Cyfra21-1 lev-
els for NACT sensitivity in LUAC patients 

ROC analysis showed that the area under the 
curve (AUC) of PTOV1 for predicting NACT sensi-
tivity in LUAC patients was 0.755, with an opti-

were included and assigned (Table 3), followed 
by Logistic multiple regression analysis (Table 
4). The results showed that distant metastasis 
(OR: 4.947, 95% CI: 1.600-15.300), differentia-
tion degree (OR: 5.522, 95% CI: 1.685-18.091), 
PTOV1 (OR: 16.133, 95% CI: 3.263-79.758), 
and Cyfra21-1 (OR: 5.683, 95% CI: 1.532-
21.088) were independent factors influencing 
NACT in LUAC patients (all P<0.05).

Discussion

The efficacy of conventional therapies for LUAC 
patients remains limited, with a five-year sur-
vival rate of only 15% [21]. Even with NACT, the 
improvement in the five-year survival rate is 
modest, at just 5% [22]. To enhance chemosen-
sitivity and improve long-term disease control, 
it is essential to identify novel biomarkers that 
can provide clinical guidance and predictive 
value.

Exploring predictors of chemotherapy efficacy 
in NSCLC has long been a challenging research 
area. Currently, some markers have been vali-
dated, including excision repair cross-comple-
menting gene 1 (ERCC1) and ribonucleotide 
reductase catalytic subunit M1 (RRM1) for plat-
inum-based drugs, gemcitabine, and peme-
trexed; human equilibrative nucleoside trans-
porter 1 (hENT1) for gemcitabine; and cen- 
tromeric region of chromosome 17 (CEP17; 
17p11.1-q11.1) for anthracyclines [23]. How- 
ever, few studies have investigated the correla-
tion between PTOV1, Cyfra21-1, and neoadju-
vant chemotherapy sensitivity in LUAC patients. 
This study aims to further explore biomarkers 

Figure 1. Comparison of PTOV1 and Cyfra21-1 levels between the chemo-
resistant and chemosensitive groups. A. PTOV1 in the chemoresistant and 
chemosensitive groups. B. Cyfra21-1 in the chemoresistant and chemo-
sensitive groups. Note: ***P<0.001. PTOV1, prostate tumor overexpressed 
1; Cyfra21-1, cytokeratin 19 fragment.

mal cutoff value of 17.50, a 
specificity of 90.63%, and a 
sensitivity of 46.15%. For Cy- 
fra21-1, the AUC was 0.709, 
with an optimal cutoff of 10.36, 
a specificity of 46.88%, and  
a sensitivity of 88.46%. See 
Figure 3 and Table 2.

Multivariate logistic regression 
analysis of factors affecting 
NACT sensitivity in LUAC pa-
tients 

Factors showing significant dif-
ferences, such as age, distant 
metastasis, differentiation de- 
gree, PTOV1, and Cyfra21-1, 
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with both specificity and sensitivity for such 
patients.

First, we found that PTOV1 and Cyfra21-1 levels 
were significantly higher in the chemoresistant 
group compared to the chemosensitive group, 
suggesting that these markers may contribute 
to NACT (cisplatin+pemetrexed) resistance in 
LUAC patients. Elevated levels of these mark-
ers may inhibit sensitivity to NACT. Previous 
studies have shown that PTOV1 promotes cis-
platin resistance, possibly by increasing the 
activity of the nuclear factor kappa-B (NF-κB) 
pathway [24]. Moreover, downregulating PTOV1 
has been shown to enhance chemosensitivity 

to cisplatin and docetaxel, potentially by inhibit-
ing Dickkopf-related protein 1 (DKK1)/β-catenin 
signaling [14]. Wang et al. [25] also reported 
that high Cyfra21-1 levels are associated with 
lower chemoradiotherapy efficacy in NSCLC 
patients, consistent with our findings.

Second, we observed a strong positive correla-
tion between PTOV1 and Cyfra21-1 levels and 
neoadjuvant chemosensitivity, as well as a sig-
nificant correlation between the two markers 
themselves, suggesting they may play a syner-
gistic role in influencing chemosensitivity in 
LUAC patients. Cánovas et al. [26] found a cor-
relation between PTOV1 and docetaxel resis-
tance in prostate tumors, similar to our results.

According to ROC analysis, the AUC for PTOV1 
and Cyfra21-1 in predicting NACT sensitivity in 
LUAC patients was 0.755 and 0.709, res- 
pectively. PTOV1 had a specificity of 90.63%, 
while Cyfra21-1 demonstrated a sensitivity of 
88.46%. These findings indicate that PTOV1 
and Cyfra21-1 can effectively distinguish bet- 
ween NACT-sensitive and NACT-resistant pa- 
tients. In line with our observations, Wu Z et al. 
[14] reported that high PTOV1 levels can pre-
dict shorter survival and a poorer chemothera-
py response in NSCLC patients. Pang et al. [27] 
highlighted that Cyfra21-1, as the most sensi-
tive serum tumor marker for predicting chemo-
therapy response, can be used to forecast the 
response of NSCLC patients to various chemo-
therapy regimens, which supports our findings. 
Fu et al. [28] also reported that Cyfra21-1 aids 
in distinguishing benign lung disease from lung 
cancer, as well as separating both benign lung 
disease and lung cancer from healthy individu-
als. According to multivariate logistic regres-
sion analysis, distant metastasis, differentia-

Figure 2. Correlation analysis between levels of PTOV1 and Cyfra21-1 and neoadjuvant chemosensitivity. A. Cor-
relation of PTOV1 levels with neoadjuvant chemosensitivity. B. Correlation of Cyfra21-1 levels with neoadjuvant 
chemosensitivity. C. Correlation between PTOV1 and Cyfra21-1. PTOV1, prostate tumor overexpressed 1; Cyfra21-1, 
cytokeratin 19 fragment.

Figure 3. Efficacy of PTOV1 and Cyfra21-1 levels in 
predicting the sensitivity of LUAC patients to neoad-
juvant chemotherapy. Note: PTOV1, prostate tumor 
overexpressed 1; Cyfra21-1, cytokeratin 19 frag-
ment; LUAC, lung adenocarcinoma; AUC, area under 
the curve.
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tion degree, PTOV1, and Cyfra21-1 were identi-
fied as independent factors influencing neoad-
juvant chemosensitivity in LUAC patients.

In the study by Lu et al. [29], age and platinum-
based chemotherapy were identified as factors 
affecting first-line chemotherapy sensitivity in 
advanced non-squamous NSCLC through uni-
variate analysis. However, multivariate analysis 
revealed that neither age nor platinum was 
independently correlated with chemotherapy 
sensitivity, consistent with our findings. In the 
multivariate analysis by Yang et al. [30], a ≥60% 
reduction in Cyfra21-1 was found to be a prog-
nostic factor for improved survival in advanced 
NSCLC patients, and this marker was helpful  
in predicting chemotherapy response, further 
supporting our results. Similarly, Cox regres-
sion conducted by Reinmuth et al. [31] identi-
fied Cyfra21-1 as an independent prognostic 
factor for overall survival and disease-free 
interval in patients with completely resected 
NSCLC. Patients with distant metastasis and 
poor differentiation tend to have worse treat-

ment responses due to the more advanced 
nature of their disease.

Several limitations of this study warrant further 
consideration. First, the imbalance in sample 
size between the chemoresistant group (n=32) 
and the chemosensitive group (n=78) could 
have influenced the results. Second, this study 
is not a multicenter prospective study, and 
future multicenter prospective research will 
enhance the accuracy and generalizability of 
the findings. Third, no basic mechanistic re- 
search was performed. Supplementary analy-
ses exploring the underlying mechanisms of 
chemotherapy sensitivity and the target path-
ways of PTOV1 and Cyfra21-1 would provide a 
deeper understanding of their roles. Future 
research will focus on these aspects to im- 
prove and expand upon the current study.

In conclusion, PTOV1 and Cyfra21-1 are upreg-
ulated in LUAC patients with chemoresistance, 
and both are closely associated with neoadju-
vant chemosensitivity, possibly working syner-

Table 2. Efficacy of PTOV1 and Cyfra21-1 levels in predicting neoadjuvant chemosensitivity in lung 
adenocarcinoma patients
Indicators AUC Standard error 95% CI Cut-off value Specificity (%) Sensitivity (%)
PTOV1 0.755 0.050 0.658-0.853 17.50 90.63 46.15
Cyfra21-1 0.709 0.053 0.606-0.813 10.36 46.88 88.46
Note: PTOV1, prostate tumor overexpressed 1; Cyfra21-1, cytokeratin 19 fragment; AUC, area under the curve.

Table 3. Assignment table
Variable Assignment
Age (years old) <60 = 0 (n=66), ≥60 = 1 (n=44)
Distant metastasis Without = 0 (n=62), with = 1 (n=48)
Differentiation degree Medium-high differentiation = 0 (n=57), low differentiation = 1 (n=53)
PTOV1 (pg/mL) <17.50 = 0 (n=40), ≥17.50 = 1 (n=70)
Cyfra21-1 (ng/mL) <10.36 = 0 (n=86), ≥10.36 = 1 (n=24)
Note: PTOV1, prostate tumor overexpressed 1; Cyfra21-1, cytokeratin 19 fragment.

Table 4. Multivariate logistic regression analysis of related factors affecting neoadjuvant chemosensi-
tivity in lung adenocarcinoma patients 
Variable β SE Wald P Exp (β) 95% CI
Age (years old) 0.895 0.607 2.176 0.140 2.448 0.745-8.041
Distant metastasis 1.599 0.576 7.705 0.006 4.947 1.600-15.300
Differentiation degree 1.709 0.605 7.964 0.005 5.522 1.685-18.091
PTOV1 (pg/mL) 2.781 0.815 11.631 0.001 16.133 3.263-79.758
Cyfra21-1 (ng/mL) 1.738 0.669 6.746 0.009 5.683 1.532-21.088
Note: PTOV1, prostate tumor overexpressed 1; Cyfra21-1, cytokeratin 19 fragment.
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gistically. Additionally, distant metastasis and 
differentiation degree, alongside PTOV1 and 
Cyfra21-1, are independent factors affecting 
neoadjuvant chemosensitivity in LUAC patients. 
For patients with high PTOV1, high Cyfra21-1, 
distant metastasis, and poor differentiation, 
alternative therapies should be considered to 
avoid the low efficacy or ineffectiveness of 
NACT (cisplatin combined with pemetrexed).
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