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Background: Heat shock protein-90 alpha (HSP900) is more abundant in non-small-cell lung cancer (NSCLC) patients than in
control individuals. However, whether it can reflect chemotherapy efficacy remains unknown. This study aimed
to investigate the association of HSP90o with chemotherapy in advanced NSCLC.

Material/Methods: We retrospectively evaluated data from patients admitted to the Department of Respiratory Medicine, Shaoxing
People’s Hospital, from September 2016 to September 2018 with stage IlIB or IV NSCLC and administered 4
cycles of third-generation platinum-based combination chemotherapy (2 drugs simultaneously). Based on the
RECIST1.1 criteria, complete remission (CR), partial response (PR), and stable disease (SD) in 60 cases were de-
termined before and after chemotherapy. Before chemotherapy and after 1, 2, and 4 cycles of chemotherapy,
plasma HSP90o levels were quantitated by ELISA. Chest CT was performed before and after 2 and 4 cycles of
chemotherapy.

Results: After 1-4 cycles of chemotherapy, plasma HSP90a: levels were significantly lower than pre-chemotherapy lev-
els (P<0.05). The sums of the longest tumor diameters after 2 and 4 cycles of chemotherapy were decreased
compared with pre-chemotherapy values (P<0.05). Plasma HSP90o. levels and tumor size showed no signifi-
cant correlation before and after chemotherapy (r=0.244, P=0.06).

Conclusions: Plasma HSP90a: can be considered a valuable predictor of early chemotherapy effectiveness in advanced NSCLC,
and is positively correlated with tumor remission after chemotherapy. However, plasma HSP90a level is not
correlated with tumor diameter and pathological type.
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Background

Lung cancer is one of the deadliest malignancies worldwide [1].
There were more than 1.7 million cancer cases and 606 880
cancer-related deaths in the United States in 2019 [2]. In China,
with accelerated industrialization, increased environmental pol-
lution, heavy consumption of tobacco, and population aging,
the incidence and mortality of lung cancer are rising [3,4]. Lung
cancer includes non-small-cell lung cancer (NSCLC) and small-
cell lung cancer (SCLC). NSCLC accounts for about 85% of all
lung cancer cases and shows poor prognosis [5]. Indeed, most
patients are diagnosed with advanced-stage (stage llI-IV) dis-
ease and are not eligible for surgical resection [6]. The standard
third-generation platinum-containing combination chemothera-
py remains the main treatment for advanced NSCLC, with a low
effective rate approximating 30% [7]. Therefore, the vast major-
ity of patients do not have good clinical benefits despite pro-
nounced chemotherapy-related toxicities and adverse effects.

The traditional method for evaluating chemotherapy efficacy
consists of observing and measuring the changes of tumor le-
sions on chest CT before and after chemotherapy, according
to the RECIST criteria [8]. However, this technique cannot de-
tect subtle and early changes after treatment; indeed, clini-
cians usually observe anatomical changes by CT several weeks
after treatment initiation [9]. In addition, imaging evaluation
heavily relies on individual subjective judgment. Therefore,
an effective indicator is required for early prediction of che-
motherapy efficacy. This would not only reduce pain associ-
ated with the adverse effects of chemotherapy, as well as the
economic burden, but would also help patients select other
treatment options before their physical condition deteriorates.

Heat shock protein 90a (HSP90w), a member of the family
of heat shock proteins (HSP), is a highly conserved molecular
chaperone that plays important roles in maintaining the sta-
bility of various signaling proteins in cells and promoting cell
survival and growth [10]. Hsp90a levels in normal human plas-
ma are very low; however, in the tumor state, HSP90c. can be
specifically secreted by tumor cells to the extracellular space,
entering the blood circulation [11,12]. Consequently, plasma
Hsp90a levels in patients with lung cancer are significantly
higher than those of healthy controls and show close associ-
ations with tumor cell invasion and metastasis [13].

However, whether it can reflect chemotherapy efficacy remains
unknown. We hypothesized that Hsp90a. could rapidly and ef-
fectively detect chemotherapy effectiveness in patients with
lung cancer. Therefore, this study aimed to assess the plasma
levels of HSP90a in advanced-stage NSCLC patients before and
after chemotherapy, determining its role in early prediction of
chemotherapy effectiveness. We found that plasma HSP90«. is
positively correlated with tumor remission after chemotherapy,
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indicating that HSP90a. could be considered a valuable predic-
tor of early chemotherapy effectiveness in advanced NSCLC.

Material and Methods

Patients

This was a retrospective cohort study that assessed pa-
tients with untreated stage IlIB or IV NSCLC admitted to
the Department of Respiratory Medicine, Shaoxing People’s
Hospital, from September 2016 to September 2018. Inclusion
criteria were: 1) NSCLC confirmed by pathological examina-
tion, including adenocarcinoma and squamous cell carcinoma;
2) no previous NSCLC treatment and lesions not removed af-
ter surgical exploration; 3) ECOG score for physical status of
0-1 points; 4) completion of the standard 4-cycle third-gen-
eration platinum-containing 2-drug combination chemother-
apy. Exclusion criteria were: 1) pregnancy; 2) mental illness;
3) other lung diseases; 4) diseased organs such as the heart,
brain, kidney, and/or lung (no lung cancer metastasis); 5) pri-
mary malignancies in other systems; 6) infection, trauma, and
poisoning; 7) disease progression (PD) after the 4-cycle treat-
ment. The study was approved by the Ethics Committee of
Shaoxing People’s Hospital ([2016] 67). Signed informed consent
was obtained from all patients or their legal representatives.

Evaluation of response to chemotherapy

Chest CT was performed before chemotherapy and after 2 (6
weeks from baseline) and 4 (12 weeks from baseline) cycles of
chemotherapy, respectively. The greatest diameter of the tumor
lesion was measured as the baseline value by chest CT (scan
thickness of 3.75 mm). When there were multiple measurable
lesions at baseline, all lesions were recorded and measured, and
the 2 largest target lesions were selected as the baseline lesions.
Tumor lesions before and after chemotherapy were observed and
measured, and disease remission was assessed according to the
RECIST 1.1 criteria, determining complete remission (CR), partial
remission (PR), stable disease (SD), and progressive disease (PD).

Determination of plasma HSP90« levels

Peripheral venous blood (3 ml) from the enrolled patients was
collected into EDTA-K2 anticoagulation tubes the day before
chemotherapy (baseline levels) and after 1 (3 weeks from
baseline), 2, and 4 cycles of chemotherapy in the fasting state
(morning). After centrifugation, 1 ml of plasma was obtained.
The HSP90o quantitative test kit (#BMS2090, Invitrogen,
USA) was used to quantitate plasma HSP90a. levels by ELISA,
strictly following the manufacturer’s instructions and using
a ThermoFisher Scientific microplate reader. The changes in
HSP90« levels from baseline values were determined.
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Table 1. Patient baseline data.

Characteristic N=60
Sex
"""" Male 32 (533%)
"""" Female 28 (467%)
g 66.38:425
CStage
"""" we 32 (533%)
"""" v 28 @67%)
CECOG
"""" o 18 Go%w
"""" T & gow
Pathologicaltype
"""" Adenocarcinoma 24 (40%)
"""" Squamous cell carcinoma 36 (60%)

Statistical analysis

SPSS 22.0 statistical software (SPSS, USA) was utilized for
data analysis. Categorical and measurement data are pre-
sented as n (%) and mean+standard deviation (SD), respec-
tively. A paired t test was performed to compare group pairs.
The Spearman’s rank correlation method was applied to as-
sess associations of plasma HSP90a level changes after che-
motherapy with disease remission (PR and SD assigned 1 and
0, respectively) based on the RECIST 1.1 criteria.

Results

Baseline patient characteristics

A total of 60 patients were included in this study according to
the above inclusion and exclusion criteria and received 4 cy-
cles of standard third-generation platinum-containing 2-drug
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combination chemotherapy. The patients were 45-79 years
old, with an average age of 66.38+4.25 years. They included
32 males and 28 females. There were 38 and 22 stage IlIB and
IV cases, respectively. The detailed baseline characteristics of
the patients are summarized in Table 1.

Plasma HSP900: level and tumor size changes after
chemotherapy

The average HSP90a measurement before chemotherapy was
0.534+0.141 in males and 0.761+0.603 in females (P=0.163).
Plasma HSP90« levels gradually decreased with the duration of
chemotherapy (Table 2). Pairwise comparisons showed statisti-
cally significant differences between all group pairs (P<0.001),
except pre-chemotherapy vs. 1 cycle of chemotherapy.

The greatest diameters of tumor lesions after 2 and 4 cycles
of chemotherapy were markedly decreased compared with the
values obtained before chemotherapy (Table 3). Pairwise com-
parisons showed statistically significant differences between
all group pairs (P<0.05). Figure 1 shows a representative case.

Associations of plasma HSP90x. levels with therapeutic
response

The correlation between plasma HSP90« levels and tumor
lesion size before and after chemotherapy was not signifi-
cant as analyzed by the Spearman’s rank correlation method
(Figure 2; r=0.244, P=0.06).

Before chemotherapy, the patients were divided into an ad-
enocarcinoma group and a squamous cell carcinoma group,
which showed similar HSP90a levels (P>0.05). Therefore, all the
patients were analyzed together and without subgroup anal-
ysis. HPS90a amounts before and after chemotherapy signif-
icantly differed, decreasing with increasing treatment dura-
tion, similar to the CT values.

Table 2. Plasma HSP90« levels at different times before and after chemotherapy.

Variable Before One cycle of Two cycles of Four cycles of P value
chemotherapy chemotherapy chemotherapy chemotherapy
HSP90 0.42 (0.29, 0.93) 0.41 (0.28, 0.76) 0.23 (0.14, 0.35) 0.17 (0.12, 0.24) <0.001
Table 3. Tumor lesion diameter at different times before and after chemotherapy.
Variable Before Two cycles of Four cycles of P value
chemotherapy chemotherapy chemotherapy
Longest diameter of tumor lesions 38.28 (29.02, 58.77) 32.36 (24.51, 46.43) 29 (22.32, 42.25) <0.001
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Figure 1. A representative case before chemotherapy, and after 2 and 4 cycles of chemotherapy.
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Figure 2. Association of plasma HSP90« levels with tumor size
before and after chemotherapy.

Discussion

This study demonstrated that plasma HSP90a could predict
early chemotherapy effectiveness in advanced NSCLC, show-
ing a positive correlation with tumor remission even after just
1 cycle of chemotherapy.

HSP expression in cells is significantly increased under stimula-
tion by certain environmental factors or stress conditions [13].
HSP play important roles in protein synthesis, folding, assem-
bly, secretion, transport, and degradation, regulate transcrip-
tion factors and protein kinases, and maintain the stability of
multiple intracellular signaling proteins, thereby promoting cell
survival and growth [14-16]. HSP90, an important member of
the HSP family, participates in protein folding and activation,
among other processes [17]. Since its substrate proteins are

mostly overexpressed or mutated EGFR, p53, HER2, c-MET, RAF,
and other proteins associated with tumor generation and de-
velopment, HSP90 has become a hotspot in the field of can-
cer research. Under the tumor state, HSP90 is overexpressed
and plays an important role in protecting and maintaining the
stability of tumor cells, which could increase malignancy [18].
HSP90 expression is high in lung cancer, and this high expres-
sion might enhance the proliferation and metastatic ability
of lung cancer [16,19,20]. Decreasing HSP90 expression also
decreases lung cancer proliferation, metastasis, and mortal-
ity [16,19,20]. HSP90 has 2 subtypes, including HSP90x and
HSP90p. Under normal physiological conditions, HSP90a. and
HSP90B are present in cells, with extremely low extracellu-
lar levels; under hypoxia, injury, oxidation, and other stress
states, intracellular HSP90a. and HSP90P levels are signifi-
cantly increased, but only HSP90a. can be secreted by a vari-
ety of cells [13]. In cancer, HSP90a. is continuously secreted
to the extracellular space and acts in the following aspects:
(1) extracellular HSP90a. functions as a molecular chaperone
to keep mutant signaling proteins active; and (2) extracellular
HSP90o affects the proto-oncogenes Her-2 and metallopro-
teinase 2 on the cell surface, promoting the infiltration and
metastasis of tumor cells [13].

As shown above, plasma HSP90a. levels were significantly de-
creased as early as right after completion of the first cycle of
chemotherapy in patients with stage IlIB and IV NSCLC, and
this reduction persisted throughout the 4 treatment cycles.
Therefore, plasma levels of HSP90a could reflect chemother-
apy effectiveness, as supported by Shi et al. [21]. Similar stud-
ies should be performed in other cancers, since in addition to
NSCLC [22], HSP90a has been demonstrated to be highly ex-
pressed in prostate cancer [23], multiple myeloma [24], pan-
creatic cancer [25], liver cancer [26-28], and cholangiocarci-
noma [29].
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In addition, changes in plasma HSP90a. levels after chemother-
apy were positively correlated with disease remission based
on the RECIST1.1 criteria. This confirms that plasma HSP90
could be used as an early predictor of chemotherapy efficacy
in patients with advanced NSCLC. We also found that plasma
HSP90« content was not correlated with tumor diameter, in-
dicating that it may help detect subtle positive effects of che-
motherapy not revealed by CT.

Previous studies assessing HSP90o. have focused on tumor
histology, with few reports evaluating the clinical significance
of plasma HSP90«. levels. Meanwhile, it is known that plasma
HSP90w. levels in patients with lung cancer are increased and
closely related to tumor occurrence, development, and prog-
nosis [13]. The current study provides additional information
regarding this important cancer marker. Based on our find-
ings, HSP90a. could be used as early as 3 weeks after treat-
ment initiation in advanced NSCLC to determine chemother-
apy efficacy. This would help decide between maintaining the
same regimen and applying other chemotherapeutics for fur-
ther patient care. As a result, patient prognosis and quality
of life may be improved (increased treatment efficacy), while
the financial burden on the families and health care system
is relieved (avoiding use of inefficient chemotherapeutics).
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A few limitations of this study should be mentioned. First of all,
this was a retrospective study with inherent shortcomings. In
addition, the sample size was relatively small, and all patients
were enrolled in the same center. Although the RECIST1.1 crite-
ria were used for assessing therapeutic outcomes, we did not
include other known prognostic markers as controls. Therefore,
well-designed, large, multicenter prospective studies are re-
quired to confirm the present findings.

Conclusions

In conclusion, plasma HSP90a. is significantly reduced in stage
lIB, and IV NSCLC patients administered 1-4 cycles of third-
generation platinum-based combination chemotherapy and
can be considered a valuable predictor of early chemotherapy
effectiveness in advanced NSCLC. In addition, plasma HSP90o
levels are positively correlated with tumor remission after che-
motherapy. Overall, plasma HSP90a content can detect subtle
positive effects of chemotherapy not revealed by CT.
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