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Background: Plasma heat shock protein 90 alpha (Hsp90α) has been suggested as a novel biomarker for the 
diagnosis and prognosis of cancer. Carcinoembryonic antigen (CEA) and carbohydrate antigen199 (CA199) 
are traditional tumor biomarkers for colorectal cancer (CRC). Previous studies have shown that Hsp90α and 
the combination of Hsp90α and CEA are optimal biomarkers for CRC at an early stage. However, research 
on the use of Hsp90α alone or in combination with CEA and/or CA199 in diagnosing CRC development, 
particularly liver metastasis, is limited. This study sought to investigate the value of Hsp90α alone or in 
combination with CEA/CA199 in diagnosing CRC liver metastasis.
Methods: The clinical data of 472 CRC patients were retrospectively analyzed, which were confirmed 
by clinical manifestations and a histopathological examination associated with an imaging diagnosis. 
The levels of Hsp90α, and CEA, and CA199 were assessed by enzyme-linked immunoassays and 
electrochemiluminescence immunoassays. Liver metastasis was diagnosed by imaging or pathology of the 
liver. Logistic regression models were used to analyze associations between Hsp90α, CEA, and CA199, and 
liver metastasis in CRC. The areas under the curves (AUCs) were used to compare the utility of Hsp90α, 
CEA, and CA199 in the diagnosis of CRC liver metastasis (CRLM). Additionally, we compared the 
diagnostic utility of the models, including the Hsp90α plus 1 of the other serum markers, and a combination 
of the 3 serum makers.
Results: The plasma levels of Hsp90α, CEA, and CA199 were positively associated with a higher risk of 
CRLM [odds ratios (OR) ranging from 1.36–2.72]. The AUCs of CEA, CA199, and Hsp90α for CRLM 
were 0.80, 0.69, and 0.55, respectively. The AUCs for the combination of Hsp90α and CEA, combination 
of Hsp90α and CA199, combinations of Hsp90α, CEA, and CA199 were 0.75, 0.66, 0.76, respectively. The 
combination of Hsp90α, CEA, and CA199 did not improve the diagnostic utility for liver metastasis in CRC.
Conclusions: The level of Hsp90α was elevated in CRC and was associated with CRLM. Thus, the 
Hsp90α is a potential biomarker for CRLM. CEA has the largest diagnostic utility for CRLM. Adding 
Hsp90α to CEA/CA199 did not improve their diagnostic utility for CRLM.
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Introduction

Colorectal cancer (CRC) is one of the most common types 
of malignant tumor, with a global incidence of 10%, and 
is the 2nd highest cause of cancer-related mortality (1). 
As most CRC patients are asymptomatic at an early stage, 
CRC is under-treated. Distant metastasis is highly prevalent 
in CRC and is a major cause of CRC-related mortality (2,3). 
Previous research has reported that the liver is the most 
frequent anatomic site for metastasis from CRC, due to its 
proximity to the colorectum (4). Metastatic CRC (mCRC) 
patients have benefited from novel targeted and chemo-
biologic therapies, but preventing the further progression 
of the disease depends on an even more detailed delineation 
of the molecular mCRC sub-types that are responsive to 
specific, targeted therapies (5). Thus, the timely screening 
of mCRC is important in the prognosis of CRC patients.

The main methods of diagnosing CRC, including 
imaging diagnosis, endoscopy, and pathology diagnosis, have 
been widely used in clinical settings (6). However, invasive 
examinations can both cause unwillingness in patients and 
complications. Additionally, preoperative chemotherapy 
or neo-adjuvant therapy may reduce CT scans’ sensitivity 
for monitoring metastasis in CRC patients (7). Thus, it is 
important to find better screening and prediction prognosis 
methods for mCRC patients.

The analysis of peripheral blood samples has been 
suggested as a sensitive and non-invasive method for 
biomarker determinations in screening cancer. Previous 
studies have indicated that carcinoembryonic antigen (CEA) 
and carbohydrate antigen199 (CA199) were significantly 
elevated in mCRC patients (8,9). In addition to the 
CEA and/or the CA199, the heat shock protein 90 alpha 
(Hsp90α) has also been reported to be linked to tumors. 
Hsp90, which includes the Hsp90α and Hsp90β isoforms, is 
exposed to the extracellular space by many kinds of cancer 
cells (10). Studies have reported that the overexpression of 
HSP90α is associated with tumor development, progression, 
invasiveness, metastatic potentials, and chemo-resistance 
in various types of cancers, such as CRC, liver cancer, and 
gastric cancer (11-13). Further, the levels of plasma Hsp90α 
have been shown to be associated with gender and disease 

progression, such as stage, and lymphatic and distant 
metastasis (14). A previous study has shown that Hsp90α 
and the combination of Hsp90α and CEA are optimal 
biomarkers for CRCs at an early stage (11). However, 
the diagnostic and prognostic utility of serum Hsp90α in 
mCRC, particularly liver metastasis, is still unclear. Thus, 
this study sought to investigate the plasma Hsp90α levels 
in patients with CRC and explore the clinical significance 
of Hsp90α and combinations of Hsp90α and CEA/CA199 
and their diagnostic utility in mCRC. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-797/rc).

Methods

Patients

We conducted a single-center retrospective observational 
study of patients with CRC. A total of 472 patients were 
admitted between 2020 January and 2020 December at 
The First Affiliated Hospital of University of Science 
and Technology of China (USTC) were enrolled in this 
study. To be eligible for inclusion in this study, subjects 
had to meet the follow inclusion criteria: (I) have CRC 
confirmed by clinical manifestations and a histopathological 
examination associated with an imaging diagnosis; (II) have 
an assessment of the state of distant metastasis; (III) have 
undergone no prior systemic treatments, including targeted 
therapy, immunotherapy, chemotherapy, and biological 
therapy; (IV) have had the tumor markers and Hsp90α in 
the peripheral blood evaluated before any treatment; (V) 
have available complete information of the clinical features; 
and (VI) have no other malignancies. The clinical data 
were obtained from the patients’ files, including age, sex, 
clinical stage, pathological differentiated degree, lymph 
node metastasis condition, neuro and vessel metastasis 
condition, liver metastasis condition, gene mutation, serum 
CEA, CA199 and Hsp90α level. All patients underwent 
tumour staging according to the American Joint Committee 
on Cancer Classification (8th edition). The study was 
conducted in accordance with the Declaration of Helsinki 
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(as revised in 2013). The study was approved by the Ethics 
Committee of The First Affiliated Hospital of USTC (No. 
2022-RE-304). The ethics committee of The First Affiliated 
Hospital of USTC waived the requirement for written 
informed consent since this was a retrospective study, it 
could not cause any adverse effects on included patients.

Measurements of serum markers

All  the laboratory markers  were analyzed in the 
laboratory at The First Affiliated Hospital of USTC. The 
circulating levels of CEA and CA199 were analyzed with 
electrochemiluminescence immunoassays (ECLIAs) using 
the Cobas 8000 e602 modular analyzer series (Hoffmann-La 
Roche AG, Basel, Switzerland). Hps90α was analyzed with 
the enzyme-linked immunoassay (ELISA) kit for Hsp90α 
protein (Yantai Protgen Biotechnology Development Co., 
Ltd., Yantai, China). All the operations were conducted in 
accordance with the manufacturer’s instructions.

Gene mutation

Paraff in-embedded sections were used to extract 
deoxyribonucleic acid, and real-time fluorescent quantitative 
polymerase chain reaction technology was employed for 
amplification detection. Next-generation sequencing 
(NGS) was used to analyze 17 mutations in the Kirsten rat 
sarcoma 2 viral oncogene homolog (KRAS) gene (exons 2, 
3, and 4), 13 mutations in the neuroblastoma rat sarcoma 
viral oncogene homolog (NRAS) gene (exons 2, 3, and 4), 
and 1 mutation in the v-raf murine sarcoma viral oncogene 
homolog B1 (BRAF) gene (exon 15: V600 E) (15).

Statistical analysis

Patients’ general characteristics, clinical parameters, 
and levels of serum markers are presented as the mean 
[standard deviation (SD)] or number (%) as appropriate. 
Student’s t-tests and chi-square tests were used to compare 
differences in means and proportions between CRC 
patients with and without liver metastasis. Odds ratios 
(ORs) were calculated for the associations between plasma 
levels of CEA, CA199, and Hsp90α, and the presence 
of liver metastasis in CRC was computed using logistic 
regressions with adjustments for age, sex, and stage. Linear 
regression was used to analyze associations between the 
plasma levels of CEA, CA199, mutant genes, and Hsp90α. 
Receiver operating characteristic curves were used to 

estimate and compare the utility of serum makers in 
identifying liver metastasis. Additionally, we compared the 
diagnostic utility of the models, including the Hsp90α plus 
1 of the other serum markers (i.e., CEA and CA199), and a 
combination of the 3 serum makers. For the combinations 
for biomarker, the subtype of diagnostic test was in series. 
A 2-tailed P value <0.05 was considered statistically 
significant. All the analyses were performed using Stata 
V.17.0 (StataCorp LP). Uncertain or missing data were not 
included in the analyses.

Results

This study included 472 CRC patients (35% female) with 
a mean age 59 years (range, 21–88 years). Of them, 49% 
were aged ≥60 years, 98% had a poorly to moderately 
pathological differentiated degree. Of the CRC patients, 
37% had liver metastasis. The levels of CEA, CA199, 
and Hsp90α were 62 ng/mL, 106 U/mL, and 81 ng/mL, 
respectively (Table 1). 

Table 2 shows the comparisons of the plasma levels of 
CEA, CA199, and Hsp90α between the CRC patients with 
and without liver metastasis. A higher proportion of CRC 
patients with liver metastasis had a IV stage than CRC 
patients with no liver metastasis. CRC patients with liver 
metastasis had higher plasma levels of CEA, CA199, and 
Hsp90α than CRC patients with non-liver metastasis.

Table 3 sets out the ORs for the plasma levels of CEA, 
CA199, and Hsp90α for liver metastasis. Higher plasma 
levels for CEA, CA199, and Hsp90α were associated with 
a higher prevalence of liver metastasis. The strongest 
association with liver metastasis was observed for the plasma 
level of CEA. These associations remained significant after 
adjustments for age, sex, and stage. Additionally, the plasma 
levels of CEA and CA199 were associated with the plasma 
level of Hsp90α (see Table 4).

Figure 1 shows the AUCs for the plasma levels of 
CEA, CA199, and Hsp90α in identifying CRC patients 
with liver metastasis. In this study, thresholds of AUC for 
CEA, CA199, Hsp90α were 9.590 ng/mL, 35.880 U/mL, 
and 93.500 ng/mL, respectively. When used alone, CEA 
had the largest AUC among the 3 plasma markers. After 
combining Hsp90α with CEA and/or CA199, the AUC 
for the combination of Hsp90α, CEA, and CA199 was the 
largest among the combination models. However, adding 
the Hsp90α to the other plasma markers did not improve 
AUCs compared to the AUCs for the plasma markers alone 
(see Figure 2).
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Discussion

This study found that the plasma levels of Hsp90α, CEA, 
and CA199 were positively associated with a higher risk 
of liver metastasis in CRC, which suggests that these 
plasma levels have value of in diagnosing CRC liver 
metastasis (CRLM). The level of CEA has the largest 
utility in diagnosing CRLMs. In addition, the Hsp90α 
level was associated with the CEA and CA199 levels. To 
our knowledge, this study is the first to investigate the 
relationship between the Hsp90α and CRLM. The results 

clearly showed that levels of Hsp90α, CEA and CA199 can 
predict CRLM. However, adding plasma Hsp90α to CEA/
CA199 did not improve the diagnostic value for CRLMs.

In this study, the results showed that the plasma Hsp90α 
levels were significantly higher in CRC patients. Similar 
results were obtained in other gastrointestinal tumors, such 
as hepatocellular carcinoma (12) and gastric cancer (13).  
As a member of the Hsp90 family, Hsp90α is a vital 
chaperone protein conserved across all organisms (16). 
Hsp90α is a molecular chaperone that regulates the late-
stage maturation, activation, and stability of many client 
proteins (17). These proteins play an essential role in cellular 
processes and regulatory pathways, such as apoptosis, cell 
cycle control, cell signaling, cell viability, protein folding, 
and degradation, as they interact with client proteins and co-
chaperones (16). Further, it has been shown that Hsp90α is 
a vital promoter of oncogene dependence and that increased 
Hsp90α expression promotes the survival of cancer cells 
in adverse physiological and stress conditions (18). Thus, 

Table 1 Characteristics in CRC patients (N=472)

Characteristics CRC (N=472)

Age (years) 59 [12]

Age ≥60 years, n [%] 233 [49]

Sex (female), n [%] 167 [35]

Stage (N=466), n [%]

I 4 [1]

II 73 [16]

III 116 [25]

IV 273 [58]

Differentiated degree (N=320), n [%]

Poorly 87 [27]

Moderately 227 [71]

Highly 6 [2]

Lymph node metastasis, n (present %) 218 [46]

Neuro vessel metastasis, n (present %) 165 [35]

Liver metastasis, n (present %) 174 [37]

Gene mutation

KRAS (N=220), n (present %) 96 [44]

NRAS (N=220), n (present %) 6 [3]

BRAF (N=213), n (present %) 10 [5]

CEA (N=439) (ng/mL) 62 [171]

CA199 (N=434) (U/mL) 106 [262]

Heat shock protein 90 alpha (N=455) (ng/mL) 81 [61]

Values are presented as the mean [standard deviation] or 
percentage. CRC, colorectal cancer; KRAS, Kirsten rat 
sarcoma 2 viral oncogene homolog; NRAS, neuroblastoma 
RAS viral oncogene homolog; BRAF, v-raf murine sarcoma viral 
oncogene homolog B1; CEA, carcinoembryonic antigen; CA199, 
carbohydrate antigen199.

Table 2 Comparisons of the plasma levels of CEA, CA199, and 
Hsp90α and clinical features between liver metastasis and non-liver 
metastasis groups

Characteristics

Liver

Metastasis 
(N=174)

Non-metastasis 
(N=298)

Age (years) 59 [11] 60 [11]

Age group (≥60 years) (%) 50 50

Sex (female) (%) 33 37

Stage (I/II/III/IV) (%) 0/0/0/100* 1/25/40/34*

Differentiated degree  
(poorly/moderately/highly) (%)

24/72/4 29/70/1

KRAS (present %) 41 47

NRAS (present %) 2 4

BRAF (present %) 7 2

CEA (ng/mL) 142.27 [257.01]* 15.08 [44.30]*

CA199 (U/mL) 216.30 [382.50]* 40.87 [110.30]*

Hsp90α (ng/mL) 91.79 [68.81]* 75.03 [54.45]*

Values are presented as the mean [standard deviation] 
or percentage. * indicates a statistically significant result. 
KRAS, Kirsten rat sarcoma 2 viral oncogene homolog; BRAF, 
v-raf murine sarcoma viral oncogene homolog B1; CA199, 
carbohydrate antigen199; CEA, carcinoembryonic antigen; 
Hsp90α, heat shock protein 90 alpha; NRAS, neuroblastoma 
RAS viral oncogene homolog.
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Table 3 Standardized associations between the plasma levels of CEA, CA199, and Hsp90α (per SD) and liver metastasis in CRC

Variable
Univariable Multivariable

OR (95% CI) (N=439) P value OR (95% CI)* (N=439) P value

CEA 7.82 (3.75, 16.31)# <0.001# 2.72 (1.49, 4.98)# 0.001#

CA199 2.98 (1.93, 4.60)# <0.001# 1.60 (1.14, 2.25)# 0.006#

Hsp90α 1.31 (1.08, 1.58)# 0.005# 1.36 (1.03, 1.80)# 0.03#

The odds ratio (OR) is shown for 1 standard deviation increment in each plasma biomarker. *, adjustment for age, sex, and stage; #, 
indicates a statistically significant result. CA199, carbohydrate antigen199; CRC, colorectal cancer; CEA, carcinoembryonic antigen; CI, 
confidence interval; Hsp90α, heat shock protein 90 alpha.

Table 4 Standardized associations between the plasma levels of CEA, CA199, mutant genes, and Hsp90α (per SD)

Variable
Univariable Multivariable

β (95% CI) (N=423) P value β (95% CI)† (N=422) P value 

CEA 0.15 (0.05, 0.25)* 0.004* 0.16 (0.06, 0.26)* 0.002*

CA199 0.11 (0.008, 0.20)* 0.04* 0.10 (0.005, 0.20)* 0.04*

KRAS –0.10 (–0.37, 0.17) 0.45 –0.11 (–0.38, 0.16) 0.42

NRAS –0.28 (–1.09, 0.53) 0.49 –0.24 (–1.05, 0.57) 0.56

BRAF –0.20 (–0.84, 0.44) 0.53 –0.22 –0.86, 0.41) 0.49
†, adjustment for age and sex; *, statistically significant. CI, confidence interval; Hsp90α, heat shock protein 90 alpha; CEA, 
carcinoembryonic antigen; CA199, carbohydrate antigen199; KRAS, Kirsten rat sarcoma 2 viral oncogene homolog; NRAS, neuroblastoma 
RAS viral oncogene homolog; BRAF, v-raf murine sarcoma viral oncogene homolog B1.
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Figure 1 AUC comparisons of CEA, CA199, and Hsp90α for 
diagnosing liver metastasis in CRC. AUC, area under the curve; 
CEA, carcinoembryonic antigen; CA199, carbohydrate antigen199; 
Hsp90α, heat shock protein 90 alpha; CRC, colorectal cancer.

Figure 2 AUC comparisons of the combinations of CEA + 
Hsp90α, CA199 + Hsp90α, and CEA + CA199 + Hsp90α for 
diagnosing liver metastasis in CRC. AUC, area under the curve; 
CEA, carcinoembryonic antigen; Hsp90α, heat shock protein 90 
alpha; CA199, carbohydrate antigen199; CRC, colorectal cancer.
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Hsp90α plays a key role in the pathogenesis and progression 
of cancers.

We also found that the plasma levels of CEA and CA199 
were associated with the plasma level of Hsp90α. However, 
gene mutation was not associated with the plasma level of 
Hsp90α. Moreover, the CRC patients with liver metastasis 
had higher plasma levels of CEA, CA199, and Hsp90α 
than the non-liver metastasis CRC patients. CEA is the 
most important tumor marker for patients with CRLM. In 
patients with resectable CRLM, a preoperative CEA level 
>200 ng/mL may indicate a higher risk of recurrence and 
a poorer prognosis than a lower CEA level (19). Another 
tumor marker that is useful in the diagnosis of liver 
metastases is CA199. However, the role of CA199 in CRC 
patients is still controversial (20,21).

Liu et al. (20) evaluated 691 patients with CRC liver 
metastases, and found no statistical difference in the lymph 
node stage between the low-level preoperative CA199 
group and the high-level preoperative CA199. Zhou  
et al. (22) confirmed that patients with a high CA199 level 
presented a significantly higher risk of total postoperative 
metastasis, lung metastasis, and abdominopelvic metastasis 
than those with a low level of CA199. However, they 
did not observe the same phenomena in liver metastasis. 
This is likely due to the data source. These studies only 
targeted specific categories of CRC patients. Conversely, 
our study enrolled patients who underwent various surgical 
treatments, patients within and beyond oligometastasis, and 
patients with or without recurrence.

A previous study showed that the level of plasma Hsp90α 
was associated with disease progression, including stage, 
lymphatic metastasis, and distant metastasis, in CRC 
patients (14). However the relationship between Hsp90α 
and liver metastasis of CRC had not been previously 
investigated, despite CRC being the most common primary 
cancer that metastasizes to the liver (23). 

Against this background, we focused on the value of 
plasma Hsp90α and CRLMs. When used as a tumor 
marker in the auxiliary diagnosis of CRLMs, the AUC of 
Hsp90α was 0.5488, and the AUCs of CEA and CA199 
were 0.7985 and 0.693, respectively. The results indicated 
that plasma Hsp90α could be used as an auxiliary diagnostic 
agent for CRLM, but its specificity was imperfect. After 
combining Hsp90α with CEA and/or CA199, the AUC 
for the combination of Hsp90α, CEA, and CA199 was the 
largest among the combination models. However, adding 
Hsp90α to the other plasma markers did not improve 
the AUCs compared to the AUC for the plasma markers 

alone. Wei et al. (14) demonstrated that the AUCs of CEA, 
CA199, and Hsp90α, and the panel for identifying the 
presence of distant metastasis in CRC patients were 0.776, 
0.755, 0.690, and 0.819, respectively. We speculate that 
(I) plasma Hsp90α is actually secreted in ELISA-negative 
patients; and (II) the recognition ability of the antibody in 
the ELISA kit is compromised by the heterogeneity of the 
secreted Hsp90α (24). Basic research using western blotting 
and parallel reaction monitoring (PRM)-based quantitative 
proteomics has shown that partial false ELISA-negative 
patients secret high levels of plasma Hsp90α (24).

As far as we know, the current study included a larger 
number of participants than previous studies. As a result, 
it is possible that it has better statistical power. However, 
there are certain limitations to the current study that 
should be noted. First, this was a retrospective and single-
center study, which resulted in selection bias. Second, in 
comparison to the CRC subjects, the number of control 
subjects was small, which could be one of the reasons for 
the discrepancy in results compared to those of earlier 
research. Third, the long-term prognosis of patients and 
the factors affecting survival analysis should be investigated 
in future. Finally, the plasma level of Hsp90α was only 
assessed by ELISAs, which may have led to false negatives. 
Thus, our results need to be further confirmed in large-
scale prospective cohort studies.

In conclusion, the level of plasma Hsp90α was elevated 
in CRC and associated with liver metastasis in CRC. Thus, 
Hsp90α is a potential biomarker for liver metastasis in CRC. 
CEA has the largest utility in diagnosing liver metastasis in 
CRC. Additionally, adding plasma Hsp90α to CEA/CA199 
did not improve the utility of these biomarkers.
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