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Purpose: Heat shock protein 90α (HSP90α) is highly expressed in tumors, and predicts tumor progression. This study analyzed the 
correlation between the expression level of HSP90α in the serum and the prognosis of patients with lung adenocarcinoma.
Patients and methods: The medical records of patients with 228 lung adenocarcinoma from September 2015 to December 2021 
were analyzed. HSP90α expression in the patients’ serum was detected by ELISA and the cut-off value (93.76 ng/mL) was determined 
according to the ROC curve, then the patients were divided into high- and low-level groups. The differences in the medical records of 
the two groups were compared using the X2 test, and Univariate and multivariate Cox regression analyses showed that serum HSP90α 
level were independent risk factors for both PFS and OS (P < 0.05).
Results: HSP90α was positively correlated with TNM staging (P < 0.01) by One-way analysis of variance. The results of the 
correlation analysis and the Kaplan–Meier survival curve showed that the expression levels of HSP90α and CEA of patients were 
positively correlated (R=0.54, P < 0.001), and patients with high HSP90α and CEA levels had the worst OS (P < 0.001).
Conclusion: HSP90α expression is negatively correlated with the prognosis of patients with lung adenocarcinoma and is a potential 
prognostic marker.
Keywords: heat shock protein 90α, lung adenocarcinoma, prognosis, CEA

Introduction
Lung cancer is the leading malignant tumor and cause of cancer-related deaths worldwide.1 Annually, there are over 
2 million new cases and 1.7 million deaths due to lung cancer worldwide, and non-small cell lung cancer (NSCLC) 
accounts for approximately 85% of the total deaths.1,2 Lung adenocarcinoma (LUAD) is the most common non-small cell 
lung cancer type. The complex pathogenesis of LUAD makes it highly heterogeneous. Traditional treatment methods are 
not effective for the treatment of LUAD, and the 5-year survival rate of patients with LUAD is approximately 15%.2,3 

Exploring new and effective biological targets is of great value for treating and prognosis patients with LUAD.
Heat shock proteins (HSPs) are a large class of functional proteins involved in protein folding and maturation, and 

their expression is upregulated when the body is overstressed. They are divided into subfamilies, including HSP27, 
HSP70, HSP90, and large HSP, according to their molecular weight.4 HSP90s are the most widely distributed proteins in 
the human body, with different levels of expression in various tissues and organs, and their expression is elevated in 
various malignant tumor tissues.5–7 HSP90s are related to tumorigenesis. Previous studies have confirmed that HSP90, as 
an upstream target, can be activated by a variety of oncogenic factors and promote the transformation of normal cells into 
malignant cells by binding to a series of client proteins, such as matrix metallopeptidase 9, hypoxia-inducible factor 1α, 
and epidermal growth factor receptor, to promote cancer.8

HSP90s include five isoforms encoded by HSPC1-5. HSP90α is encoded and expressed by HSPC1 (also known as 
HSP90AA1), and its expression is increased in the cytoplasm of lung cancer, breast cancer, multiple myeloma, and other 
tumor cells. It can promote tumor progression by promoting cell invasion and metastasis and inhibiting apoptosis.4,9–11 

By comparing the expression levels of HSP90α in the serum of healthy individuals and patients with lung cancer, Wang 
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et al12 found that the expression level of HSP90α in the serum of patients with lung cancer was higher than that of 
healthy individuals, suggesting that HSP90α can be used as a new biomarker for the diagnosis of lung cancer. Zhou 
et al13 found that HSP90α in serum is consistent with tumor markers, such as carcinoembryonic antigen (CEA), and has 
a high diagnostic effect on patients with NSCLC.

The diagnostic effect of HSP90α in patients with lung cancer has been previously confirmed. However, studies on its 
importance as a prognostic marker for patients with LUAD remain significantly limited. In this study, 228 patients with 
LUAD were included, and the correlation between their clinical characteristics, tumor markers, and HSP90α expression 
levels and prognosis were retrospectively analyzed to evaluate the possibility of using HSP90α as a prognostic predictor.

Methods
Study Subjects
This study retrospectively analyzed patients with LUAD who first visited the First Affiliated Hospital of Anhui Medical 
University from September 2015 to November 2021. The inclusion criteria were as follows: (1) patients with complete 
clinical data and histopathologically confirmed primary LUAD, (2) patients not receiving any antitumor therapy, and (3) 
patients with no severe liver and kidney functions or autoimmune diseases. The exclusion criteria were as follows: (1) 
patients with other primary tumors at the same time and (2) patients with LUAD combined with severe infection. Informed 
consent was obtained from all patients or their families, and this study was approved by the Ethics Review Committee of the 
First Affiliated Hospital of Anhui Medical University [Ethics Approval number: Quick-PJ 2022–05-35].

Study Method
This was a retrospective study, the baseline clinical characteristics of 228 patients with LUAD were collected, including age, sex, 
smoking history, tumor differentiation level, and tumor-node-metastasis (TNM) stage. Serological index test results were 
obtained within 2 weeks after the first diagnosis, and before receiving antitumor therapy, including CEA, neuron-specific enolase 
(NSE), cytokeratin-19 fragments in serum (CYFA21-1), and HSP90α. CEA, NSE, and CYFA21-1 values were determined by 
chemiluminescence, and the HSP90α value was determined by enzyme-linked immunosorbent assay (ELISA test). The cut-off 
HSP90α value was 93.76 ng/mL, which was obtained by the ROC curve, and all patients were divided into high- and low-level 
groups. The normal ranges of CEA, NSE, and CYFA21-1 were 0–5 ng/mL, 0–15 ng/mL, and 0–4 ng/mL, respectively.

Follow-Up
Patients’ survival was monitored through inpatient, outpatient, and telephone follow-ups until death from any cause or 
the study cut-off date (November 30, 2021). The median follow-up duration was 25 (range, 2.13–69.83) months. 
Progression-free survival (PFS) is defined as the time from entry into the trial to the first disease progression or death, 
and overall survival (OS) is defined as the time from the first diagnosis to the time of death from any cause.

Statistical Analyses
SPSS version 22.0 and GraphPad Prism (Waltham, MA, United States of America) version 8 were used for data analysis 
and graphing. The X2 or Fisher’s exact test, and one-way analysis of variance (ANOVA) test, were used to analyze and 
compare the data between the two, and multiple groups. Survival curves were plotted as Kaplan–Meier (K–M) curves 
and compared between the groups using the Log-rank test. The Cox risk regression models were used to identify 
independent risk factors affecting PFS and OS. P < 0.05 was set as statistical significance (α=0.05).

Results
Clinical Features of Patients
A total of 228 (154 [67.5%] women and 74 [34.5%] men) patients with LUAD were included in this study, with an 
average age of 62.04±9.55 years, and 76 (33.3%) patients had a smoking history. Moreover, 140 (61.4%) and 88 (38.6%) 
patients had poorly differentiated/undifferentiated and well-differentiated/moderately-differentiated adenocarcinomas, 
respectively. In terms of staging, 6.1%, 27.2%, 36.0%, and 30.7% of the patients were in stages I, II, III, and IV, 
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respectively. Among them, 7%, 43.0%, and 50% of the patients were in the T1, T2, T3, and T4 stages, respectively. 
Lymph node invasion (N1, N2, N3) and distant metastasis (M1) were observed in 69.3% and 29.2% of the patients, 
respectively. Analysis of serum tumor marker levels of 228 patients showed that 92.1% of the patients had CEA levels 
greater than 5 ng/mL, 84.2% of the patients had NSE levels greater than 15 ng/mL, and 85.5% of the patients had 
CYFA21-1 levels greater than 4 ng/mL. According to the HSP90α cut-off value, the patients were divided into the high- 
and low-level groups, of which 92 and 136 patients were in the high- and low-level groups, respectively. The clinical 
characteristics and tumor marker levels of the two groups of patients were compared, and the results showed that there 
were significant differences in sex; smoking history; T, N, and M staging; TNM staging; and CEA, NSE, and CYFA21-1 
levels between the two groups (P < 0.05, Table 1).

Table 1 Patient Baseline Characteristics and Correlations with HSP90α (n=228)

Variables All patients (N=228) HSP90α< 93.76 (N=136) HSP90α ≥ 93.76 (N=92) X2 P value

N % N % N %

Age (years) 62.04±9.55 62.49±9.52 61.37±9.55 1.155 0.283

Sex
Male 74 32.46 34 25.00 40 43.48 8.547 0.003*

Female 154 67.54 102 75.00 52 56.52
Smoke
Yes 76 33.33 38 27.94 38 41.30 5.508 0.019*

No 152 66.67 98 72.06 54 58.70
T
T1 16 7.02 16 11.76 0 0.00 24.084 <0.001*

T2 98 42.98 68 50.00 30 32.61
T3 106 46.49 48 35.29 58 63.04

T4 8 3.51 4 2.94 4 4.35

N
N0 70 30.70 58 42.65 12 13.04 27.546 <0.001*

N1 96 42.11 48 35.29 48 52.22

N2 46 20.18 26 19.12 20 21.74
N3 16 7.01 4 2.94 12 13.04

M
M0 160 70.18 116 85.29 44 47.83 37.550 <0.001*
M1 68 29.82 20 14.71 48 52.17

TNM stage
I 14 6.14 14 10.29 0 0 49.398 <0.001*
II 62 27.19 50 36.76 12 13.04

III 82 35.96 52 38.24 30 32.61

IV 70 30.70 20 14.71 50 54.35
Degree of differentiation
Well/moderate 88 38.60 72 52.94 16 17.39 3.652 0.056
Poor/undifferentiated 140 61.40 64 47.06 76 82.61

CEA
< 5 ng/mL 18 7.89 10 7.35 8 8.70 7.075 0.008*
≥ 5 ng/mL 210 92.11 126 92.65 84 91.30

NSE
< 15 ng/mL 36 15.79 30 22.06 6 6.52 23.369 <0.001*
≥ 15 ng/mL 192 84.21 106 77.94 86 93.48

CYFA21-1
< 4 ng/mL 33 14.47 22 16.18 11 11.96 16.472 <0.001*
≥ 4 ng/mL 195 85.53 114 83.82 81 88.04

Note: * as p<0.05.
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Correlation Analysis Between Heat Shock Protein 90α (HSP90α) and Survival Period
Univariate Cox regression analysis showed that sex, smoking history, T staging, N staging, M staging, TNM staging, 
degree of differentiation, NSE level, CYFA21-1 level, and HSP90α level were associated with PFS (Table 2). Then the 
Multivariate Cox regression analysis found that T staging, TNM staging, degree of differentiation, and HSP90α level 
were independent risk factors for PFS (Table 3). And the patients with high HSP90a levels were 1.418 times more likely 
to experience disease progression than those with low HSP90a levels (HR=1.418; 95% CI, 0.501–0.922; P = 0.015).

Also, the univariate Cox regression analysis showed that sex, smoking history, T staging, N staging, M staging, TNM 
staging, degree of differentiation, CEA level, NSE level, CYFA21-1 level, and HSP90α level were associated with OS 
(Table 2). Then the Multivariate Cox regression analysis confirmed that N staging, M staging, TNM staging, CEA level, 
and HSP90α level were independent risk factors for OS (Table 3). And the patients with high HSP90a levels were 3.205 

Table 2 Comparative Univariate Survival Analyses of 228 Patients with LUAD

Univariate analysis Progression-Free Survival Overall Survival

HR (95% CI) P value HR (95% CI) P value

Age (years) 0.101 0.325

<65 1 1

≥65 0.790 (0.509, 1.074) 1.194 (0.838, 1.702)
Sex <0.001* <0.001*

Male 1 1

Female 0.566 (0.421, 0.761) 0.478 (1.505, 3.071)
Smoke <0.001* <0.001*

Yes 1 1

No 1.972 (1.464, 2.567) 2.150 (1.082, 2.701)
T <0.001* <0.001*

T1, 2 1 1

T3, 4 2.505 (1.720, 2.442) 2.413 (1.662, 2.764)
N <0.001* 0.011*

N0 1 1
N1, 2, 3 33.699 (18.266, 62.712) 1.686 (1.125, 2.527)

M <0.001* <0.001*

M0 1 1
M1 4.907 (3.744, 6.431) 11.127 (7.082, 17.482)

TNM stage <0.001* <0.001*

I, II 1 1
III, IV 2.014 (1.600, 2.534) 4.089 (2.012, 6.401)

Degree of differentiation <0.001* 0.007*

Well/moderate 1 1
Poor/undifferentiated 0.517 (0.386, 0.694) 0.605 (0.420, 0.870)

CEA 0.426 0.012*

<5 ng/mL 1 1
≥5 ng/mL 1.212 (0.746, 1.970) 2.655 (1.236, 5.701)

NSE 0.001* 0.000*

<15 ng/mL 1 1
≥15 ng/mL 3.468 (2.193, 5.486) 4.237 (2.064, 8.710)

CYFA21-1 0.038* 0.012*

<4 ng/mL 1 1
≥4 ng/mL 1.510 (1.023, 2.229) 2.040 (1.17, 3.558)

HSP90α <0.001* <0.001*

<93.76 ng/mL 1 1
≥93.76 ng/mL 0.323 (0.236, 0.440) 0.276 (0.192, 0.397)

Note: * as p<0.05.
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times more likely to experience disease-related death than those with low HSP90a levels (HR=3.205; 95% CI, 0.201– 
0.484; P < 0.001).

Survival Analysis
The overall mean follow-up period in this study was 28.87 (range, 2.13–69.83) months, and 132 patients died during the 
follow-up period. The median PFS and OS periods of all patients were 18.89 (range, 0.01–52.01) and 24.74 (range, 2.13– 
69.83) months, respectively. The median PFS period of the patients in the low-level group was shorter by 16.51 months 
than that of the patients in the high-level group (22.35 [range, 0.13–52.01] months vs 5.84 [range, 0.01–29.02] months). 
Moreover, the OS period of the patients in the low-level group was shorter by 13.95 months than that of the patients in 
the high-level group (35.40 [range, 13.13–69.83] months vs 21.45 [range, 2.13–60.02] months). In addition, the K–M 
curve and the Log-rank test confirmed that the PFS and OS periods of the patients in the high-level group were lower 
than those of patients in the low-level group (P < 0.001, Figure 1).

Table 3 Comparative Multivariate Survival Analyses of 228 Patients with LUAD

Univariate Analysis Progression-Free Survival Overall Survival

HR (95% CI) P value HR (95% CI) P value

Sex 0.796 0.371

Male 1 1
Female 1.112 (0.498, 2.482) 1.559 (0.590, 4.120)

Smoke 0.286 0.107

Yes 1 1
No 1.420 (0.746, 2.705) 2.211 (0.843, 5.797)

T 0.001* 0.333

T1, 2 1 1
T3, 4 2.526 (1.640, 3.892) 1.2063 (0.826, 1.760)

N 0.235 0.000*

N0 1 1
N1, 2, 3 1.215 (0.881, 1.667) 0.341 (0.190, 0.611)

M 0.540 <0.001*

M0 1 1
M1 1.129 (0.766, 1.666) 6.772 (4.004, 11.453)

TNM stage <0.001* 0.005*

I, II 1 1
III, IV 18.461 (9.854, 34.588) 2.924 (1.391, 6.147)

Degree of differentiation 0.004* 0.210

Well/moderate 1 1
Poor/undifferentiated 0.673 (0.467, 0.868) 0.776 (0.523, 1.513)

CEA _ 0.038*

<5 ng/mL _ 1
≥5 ng/mL _ 2.512 (1.050, 6.010)

NSE 0.065 0.638
<15 ng/mL 1 1

≥15 ng/mL 1.683 (0.966, 2.932) 0.803 (0.323, 1.999)

CYFA21-1 0.303 0.207
<4 ng/mL 1 1

≥4 ng/mL 0.799 (0.522, 1.224) 1.488 (0.803, 2.760)

HSP90α 0.015* <0.001*
< 93.76 ng/mL 1 1

≥ 93.76 ng/mL 0.705 (0.501, 0.922) 0.312 (0.201, 0.484)

Note: * as p<0.05.
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Correlation Between HSP90α and Tumor-Node-Metastasis Staging in Patients with 
LUAD
Multivariate Cox regression analysis suggested that TNM staging was an independent risk factor for PFS and OS in patients 
with LUAD. To explore the correlation between TNM staging and HSP90α expression level, this study analyzed the HSP90α 
expression levels in patients with different stages. The results showed that the mean HSP90α values in patients with stages I, 
II, III, and IV were 42.00±8.85, 86.15±38.63, 90.20±44.48, and 104.25±50.70 ng/mL, respectively. One-way ANOVA was 
used to analyze the differences among the four groups. The results showed that there were differences among the four groups 
(Figure 2, F=13.32, P<0.001), suggesting that HSP90α is positively correlated with the TNM staging of patients with LUAD.

Prognosis of HSP90α Combined with Carcinoembryonic Antigen in Patients with 
LUAD
Multivariate Cox regression analysis showed that HSP90α and CEA levels were independent risk factors for OS in patients with 
LUAD. Correlation analysis between the expression levels of HSP90α and CEA showed that the expression level of CEA in the 
serum of patients with LUAD was positively correlated with HSP90α level (R=0.54, P<0.001) (Figure 3A). Based on the 
HSP90α and CEA cut-off values, 228 patients were divided into the high-level HSP90α+high-level CEA group (Hhigh+Chigh), 
low-level HSP90α+low-level CEA group (Hlow+Clow), low-level HSP90α+high-level CEA group (Hlow+Chigh), and low- 
level HSP90α+high-level CEA group (Hlow+Chigh). The median OS periods of the Hhigh+Chigh, Hlow+Clow, Hlow+Chigh, 
and Hlow+Chigh groups were 19.6 (range, 2.13–47.21), 43.67 (range, 36.10–55.40), 37.01 (range, 25.30–60.04), and 28.05 
(range, 10.00–69.83) months, respectively. The patients in the Hhigh+Chigh group had the worst OS. The K–M curve and Log 

Figure 1 K-M curves for PFS and OS of HSP90α in 228 LUAD patients. (A) K-M curve for PFS in high and low level HSP90α patients with LUAD; (B) K-M curve for OS in 
high and low level HSP90α patients with LUAD.

Figure 2 Relationship between HSP90α and TNM stage in 228 LUAD patients.
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rank test also confirmed that the Hhigh+Chigh group had the worst OS (P<0.001, Figure 3B). The above results suggest that 
when HSP90α is ≥93.76 ng/mL and CEA is ≥5 ng/mL in the serum of patients with LUAD, the prognosis of the patients is worst.

Discussion
HSP90α has been the central target of the progression of various malignant tumors and is an efficient biomarker for 
predicting the prognosis of patients with breast cancer, melanoma, and other malignant tumors.14,15 The correlation 
between HSP90α level and the prognosis of patients with LUAD remains to be explored.

In this study, the clinical characteristics of CEA, NSE, CYEA21-1, and HSP90α in 228 patients with LUAD were 
compared with the prognosis of patients. The results showed that T staging, lymph node metastasis, TNM staging, and 
HSP90α level were the independent risk factors for PFS, whereas the lymph node metastasis, distant metastasis, TNM 
staging, and CEA and HSP90α levels were independent risk factors for OS in patients with LUAD. In addition, the K–M 
curve and Log rank test further confirmed that serum HSP90α level was negatively correlated with the prognosis of 
patients with LUAD.

HSP90s are stably expressed in the body. Under non-stress conditions, its expression accounts for approximately 1– 
2% of the total human protein, whereas under stress conditions, it is upregulated to 4–6% to maintain homeostasis.16,17 

The HSP90 family includes four subtypes, HSP90α and β, glucose-regulated protein 94, and tumor necrosis factor 
receptor-associated protein 1, all of which have a classical protein structure composed of the N-terminal, middle section, 
and C-terminal and a highly consistent amino acid composition sequence. Although the similarity of the constituent 
amino acids is high, at the nucleotide level there are still some differences between HSP90α and the other three proteins, 
and this difference allows HSP90α to have more biological functions.18,19 In vitro and in vivo experiments have found 
that HSP90α, which can promote wound healing, regulate inflammatory responses in normal tissues, and promote cell 
proliferation, invasion, epithelial–mesenchymal transition, and secondary drug resistance in tumor tissues, is a key target 
in tumor progression.20–24

Trepel et al25 analyzed the patient information from The Cancer Genome Atlas and found that HSP90AA1, encoding 
HSP90α, is highly expressed in bladder cancer and other malignant tumor tissues and is negatively correlated with the 
prognosis of patients, suggesting that HSP90α may be a potential tumor marker. However, a series of clinical and 
retrospective analyses have drawn opposing conclusions on the correlation between HSP90α and the prognosis of 
patients with tumors. For example, Zhang et al26 found that HSP90α was highly expressed in the peripheral blood of 
103 patients with gastric cancer and 83 patients with colorectal cancer, but was not related to the PFS and OS of the 
patients, whereas in breast cancer, serum HSP90α levels were negatively correlated with OS.27,28 Chen29 et al compared 
the expression level of HSP90 in the serum of 137 patients with advanced lung cancer treated with immunotherapy with 
the PFS and OS of the patients and found that the patients in the high-level group of HSP90α had worse PFS and OS than 
those in the low-level group. In a study by Zhang,30 et al. In their study, 42 melanoma patients included in the study were 

Figure 3 Correlation of HSP90α1 with CEA and prognosis of HSP90α combined with CEA in 228 LUAD patients. (A) Correlation analysis between the expression levels of 
HSP90α and CEA in in the serum of patients with LUAD; (B) The K–M curve and Log rank test for OS in different level HSP90α patients with LUAD.

Journal of Inflammation Research 2023:16                                                                                          https://doi.org/10.2147/JIR.S401444                                                                                                                                                                                                                       

DovePress                                                                                                                       
1189

Dovepress                                                                                                                                                             Fang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


grouped according to differences in HSP90 expression levels, named: abnormal patients and normal patients group, and 
the study found that the normal patients group had greater PFS than abnormal patients (8.0 vs 3.5 months). In addition, 
the study also divided the patients into ORR (objective response), DC (disease control), and PD (progressive disease) 
groups according to the difference in recent treatment effects. The opposite was true for the PD group. All of these 
suggest that HSP90 levels of patients with malignant tumors before treatment are negatively correlated with the treatment 
effect of patients. This conclusion is also confirmed in Li et al’s study.31 In this study, we found that the expression level 
of HSP90 was negatively correlated with the prognosis of patients with LUAD. The difference is that the study by Chen 
et al32 included 137 patients with lung cancer, with only 75 patients having adenocarcinoma, and Li et al’s study 
comprised 231 patients with lung cancer, with only 105 patients having adenocarcinoma. The results of these two studies 
may be affected by the survival of patients with other pathological types of lung cancer.

Previous studies were mostly limited to exploring the correlation between TNM staging and patient prognosis but did 
not focus on the correlation between TNM staging and HSP90a levels.32–34 This study not only confirmed that TNM 
staging is correlated with patients’ survival period but also explored the correlation between serum HSP90α expression 
and TNM staging for the first time. By comparing the TNM staging of patients with different levels of HSP90α for 
LUAD, we found that there were significant differences in the TNM staging of patients at different levels. We then 
compared the expression levels of HSP90α in the serum of patients at different stages, and the results showed that with 
the progression of the patient’s stage, the expression level of HSP90α in the serum of the patients also gradually 
increased. The level of serum HSP90α is positively correlated with the progression of LUAD, which may be one of the 
potential mechanisms by which the high expression of HSP90α in the serum promotes tumor progression.

The regulatory mechanism by which HSP90α promotes the progression of LUAD remains unknown. Through in vitro 
and in vivo experiments, Liu et al35 found that the expression of HSP90α in lung cancer cell lines, such as A549, was 
significantly higher than that in bronchial epithelial cells 16-HBE, and was involved in the TRPM7/Hsp90α/uPA/MMP2 
axis to improve metastasis of lung cancer cells. Moreover, when the expression of HSP90α in H157 LUAD cells is 
inhibited, the level of apoptosis increases, suggesting that HSP90α may promote tumor progression by inhibiting 
apoptosis of LUAD cells.36 Additionally, as a class of proteins of interest and relevance to tumor growth, HSP90 has 
been shown in previous in vitro and vivo studies to be effective in inhibiting the proliferation of lung adenocarcinoma 
cells with EGFR mutations or ALK-rearranged. In the study by Piotrowska et al,37 a total of 29 patients with EGFR- 
mutated lung adenocarcinoma were included, with an ORR of 17% and a median OS of 13 months after treatment with 
an HSP90 inhibitor. In a study by Sang et al,38 it was first demonstrated in vitro that hsp90 inhibitors in non- 
adenocarcinoma cell lines with ALK rearrangement could inhibit cell proliferation in a gradient manner and that 
EGFR and ALK expression levels in the cell lines were subsequently reduced. However, these studies have not identified 
a co-expression or upstream or downstream relationship between EGFR or ALK and HSP90. In addition, Sang et al,3 

show in detail that patients with ectopic ALK-rearranged lung adenocarcinoma, who developed a secondary resistance to 
an ALK-TKI (crizotinib), developed multiple metastases in both lungs. However, after 3 cycles of an HSP90 inhibitor 
(ganetespib), the metastases in both lungs were significantly reduced in size and the patient achieved significant 
improvement in clinical symptoms such as coughing and hemoptysis. All of the above suggests that although the 
correlation between HSP90 expression levels and EGFR and ALK expression levels in lung adenocarcinoma remains 
uncertain, the use of HSP90 inhibitors in patients with these mutations may be beneficial. Unfortunately, there are still no 
studies correlating ROS1 expression levels with HSP90 treatment.

CEA, NSE, and CYFA21-1 are all commonly used tumor markers and are widely used in the initial screening of 
patients with tumors, monitoring of recurrence and metastasis, and evaluating the efficiency of diagnosis. The combina
tion of their index detection can help improve sensitivity and specificity.39,40 Zhou et al13 compared the levels of HSP90 
and CEA, NSE, SCC, and CYFRA21-1 in the serum of healthy individuals and patients with lung cancer and found that 
HSP90α and four other tumor markers have the same role in diagnosing patients with tumors, and the sensitivity and 
specificity were both improved after combining them with the other markers. In Shi et al’s study,41 the diagnostic effect 
of HSP90α combined with CEA and CYFRA21-1 in patients with lung cancer was confirmed. However, there are no 
relevant studies on HSP90α combined with other tumor markers to predict the prognosis of patients with tumors. This 
study found that serum CEA levels were negatively correlated with OS in patients with LUAD, consistent with the result 
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of a previous study.40 Furthermore, through correlation analysis, we found that the expression levels of HSP90α and CEA 
in the serum of patients with LUAD were positively correlated and that patients with both HSP90α≥93.76 ng/mL and 
CEA≥5 ng/mL had the worst OS, suggesting that the combination of HSP90αand CEA have a higher level of efficacy in 
predicting the prognosis of patients.

Our study confirms the correlation between HSP90α and prognosis in patients with lung adenocarcinoma, but there 
are also some limitations as follows: (1) the correlation between treatment modalities and survival among the 228 
patients included in this study was not analyzed, and (2) this was a single-center study, with the included patient group 
being single and with a certain bias.

Conclusions
This study is one of the few that analyzed the correlation between serum HSP90α levels and patient prognosis in a large 
number of patients with LUAD. The study found that the expression level of HSP90α in the serum of patients was 
negatively correlated with PFS and OS. In addition, this study also demonstrated for the first time that the expression 
level of HSP90α was positively correlated with the TNM staging and the expression level of CEA, and the combination 
of HSP90α and CEA may better predict the prognosis of patients.
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