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Second-line treatment options for advanced/metastatic non-small cell lung cancer
(NSCLC) patients are limited. We aimed to evaluate the efficacy and safety of
docetaxel/sodium cantharidinate combination vs. either agent alone as second-line
treatment for advanced/metastatic NSCLC patients with wild-type or unknown EGFR
status. A randomized, open-label, phase III study was performed at 12 institutions.
Patients with failure of first-line platinum regimens were randomized to receive either
single-agent sodium cantharivsdinate (SCA) or single-agent docetaxel (DOX) or docetaxel/
sodium cantharidinate combination (CON). The primary endpoints were centrally
confirmed progression-free survival (PFS) and overall survival (OS). The secondary
endpoints were objective response rate (ORR), disease control rate (DCR), quality of life
(QoL) and toxicity. A total of 148 patients were enrolled in our study between October
2016 and March 2020. After a median follow-up time of 8.02 months, no significant
difference was observed among the three groups in ORR (SCA vs. DOX vs. CON: 6.00%
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vs. 8.33% vs. 10.00%, respectively; p=0.814) and DCR (74.00% vs. 52.00% vs. 62.50%,
respectively; p=0.080). In additional, the mOS was significantly higher in the CON group,
compared with the single-agent groups (7.27 vs. 5.03 vs. 9.83 months, respectively;
p=0.035), while no significant differences were observed in terms of PFS (2.7 vs. 2.9 vs.
3.1 months, respectively; p=0.740). There was no significant difference in the baseline
QoL scores between the three groups (p>0.05); after treatment, life quality in SCA and
CON group was significantly better than that in the DOX group (p<0.05). Furthermore, the
incidence of adverse events (AEs) in the SCA group was significantly lower (46.00 vs.
79.17 vs. 25.00%, respectively; p=0.038) and the incidence of grade ≥3 AEs was also
significantly lower in the SCA group compared with the DOX and CON groups (10.00 vs.
82.00 vs. 30.00%, respectively; p=0.042). Single-agent SCA and single-agent DOX has
similar therapeutic efficacy in the second-line treatment of advanced/metastatic NSCLC
with wild-type or unknown EGFR status, but single-agent SCA has fewer AEs and better
QoL. Also, SCA plus DOX can significantly improve OS and exerted a significant
synergistic effect, with good safety and tolerance profile.
Keywords: non-small cell lung cancer, sodium cantharidinate, docetaxel (DOC), combination, efficacy and safety
INTRODUCTION

Lung cancer is the most common malignant tumor and one of
the major causes of cancer-related mortality worldwide (1).
Non-small cell lung cancer (NSCLC) accounts for 80% of all
lung cancer cases (2), with >70% of the patients already
having advanced or metastatic lesions when diagnosed and
having missed the opportunity for radical surgery (3, 4).
Comprehensive treatment based on systemic therapy is the
main principle for advanced/metastatic NSCLC. For patients
with mutations of driver genes, such as EGFR, targeted therapy
has become the standard choice for first- and second-line
treatment (5). However, EGFR-sensitive mutations are more
common among non-smoking, female lung adenocarcinoma
patients. Among Chinese NSCLC patients who are heavy
smokers, the EGFR gene is often wild-type, and sensitive
mutations in other driver genes, such as EML4-ALK gene
rearrangements, are also rare (6). For a large proportion of
such patients, chemotherapy is the only option for first- and
second-line treatment (7). Platinum-based chemotherapy is
currently considered as the standard first-line treatment, but
almost all patients for whom the initial therapy was effective
develop disease progression within 3-4 months and require
second-line treatment (8).

Second-line chemotherapy includes docetaxel (DOX) and
pemetrexed. For patients with no driver gene mutations or
previous first-line treatment with pemetrexed, DOX is the
main second-line treatment option, but its efficacy is limited,
with a disease control rate of 53% and a median survival time of
5.5-7.9 months. In addition, several patients are unable to
complete treatment due to adverse events (8). In recent years,
Immunotherapy (PD-1/L1) combined with chemotherapy has
achieved success in the first/second-line treatment of NSCLC
without driver mutations (9, 10). Studies have shown that (11)
the ORR of pembrolizumab combined with DOX in the second-
2

line treatment of advanced NSCLC without driver mutations is
42.5% (vs. 15.8%), and the median progression-free survival is
9.5 months (vs. 4.1 months), which is significantly better than
single-agent docetaxel. However, In terms of safety, 23% vs 5% of
patients experienced pneumonitis in the pembrolizumab plus
DOX and DOX arms. It is currently believed that patients with
second-line treatment have poor lung function due to previous
treatment and disease progression, and immunotherapy
combined with chemotherapy has greatly increased the risk of
pneumonia. Therefore, the second-line treatment of NSCLC with
immunization combined with chemotherapy still needs more
research to determine its safety, and it is necessary to select
suitable patients to benefit. Overall, Second-line treatment
options for advanced/metastatic wild-type or unknown EGFR
status NSCLC patients with failure of first-line platinum
regimens are limited.

Mylabris is a coleopteran insect (12). As early as two thousand
years ago, there was a record of Mylabris treating tumors in
China. Cantharidin (molecular formula, C10H12O4) is the
effective component extracted from the body of Mylabris (13).
Sodium cantharidinate (SCA) is a semi-synthetic derivative of
cantharidin, the antitumor efficacy of SCA is significantly better
and its toxicity is significantly lower compared with that of
cantharidin (14). The anticancer effects of SCA are mainly
mediated by restricting cell cycle progression from the S phase
to G/M phase in cancer cells, thereby inhibiting cell proliferation
and inducing cell apoptosis, similar to the action of cytotoxic
drugs (15). Clinical studies have shown that SCA combined with
hepatic artery perfusion have achieved significant efficacy in the
treatment of patients with hepatocellular carcinoma (HCC) (16),
and SCA injection was also approved by the China Food
and Drug Administration in 2013 for HCC (17). Recent
clinical observations have found that SCA combined with
chemotherapy exerted a significant synergistic effect in the
treatment of esophageal, gastric, pancreatic and cervical cancer,
December 2021 | Volume 11 | Article 769037
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osteosarcoma and other solid tumors, without increasing the
incidence of adverse events (18–21). In 2014, Wang et al. (22)
conducted a clinical study found that the clinical efficacy of SCA
combined with GP regimen in the treatment of advanced NSCLC
was better than the conventional GP regimen. However, there is
no large-scale phase III clinical trial of SCA in patients with
advanced NSCLC, to the best of our knowledge.

In order to explore the efficacy and safety of SCA as a single
agent or combined with chemotherapy in the second-line
treatment of patients with advanced NSCLC, we designed and
carried out a randomized, open-label, national multi-center
phase III clinical trial, including selected patients with
advanced/metastatic NSCLC with wild-type or unknown EGFR
status following failure of first-line platinum regimens. The
patients were randomized to receive either DOX/SCA
combination (CON) or single-agent DOX or single-agent SCA
until disease progression or the development of intolerable
adverse events, and the clinical efficacy and safety of the three
treatment options were compared. The findings of the present
study may provide important clinical evidence for the
application of SCA as a single agent or combined with
chemotherapy in the second-line treatment of patients with
advanced NSCLC.
PATIENTS AND METHODS

Patients
This study is a randomized, open-label, prospective, national
multi-center phase III clinical trial led by the Cancer Center of
the Second Xiangya Hospital of Central South University. The
subjects were recruited from 12 research centers across the
country, including the Second Xiangya Hospital of Central
South University, Hunan Cancer Hospital and Peking Union
Medical College Hospital. The criteria for entry and discharge of
the subjects were as follows: Patient eligibility criteria included
i) Age 18-75 years; ii) Eastern Cooperative Oncology Group
(ECOG) performance status (PS) score 0-1; iii) Advanced or
metastatic NSCLC confirmed by histology/cytology; iv) patients
with failure of first-line platinum-based regimens (except for
docetaxel-based regimens) who had not received targeted
therapies, such as EGFR-TKIs; v) wild-type or unknown EGFR
status; vi) patients with at least one measurable lesion according
to the standard Response Evaluation Criteria in Solid Tumors
(RECIST)1.1 (21); vii) patients who had not received surgery or
radiotherapy within 4 weeks, and who had completely healed
surgical incisions and/or recovered fully from the side effects of
radiotherapy; viii) life expectancy of ≥3 months; and ix) adequate
organ and bone marrow function. Patients with symptomatic
brain metastases, patients with severe allergies to docetaxel or
sodium cantharidinate, patients receiving other systemic
antitumor therapy, patients with severe active infection,
pregnant or lactating women, as well as alcohol or drug
abusers, were excluded from the present study.

This study was approved by the medical ethics committees of
the participating centers and registered in the Chinese Clinical
Frontiers in Oncology | www.frontiersin.org 3
Trial Database (registration no. ChiCTR-IPR-16009159) (22).
The research protocol strictly complied with the principles
outlined in the Declaration of Helsinki (23), and was carried
out in accordance with the Provisions for Drug Registration and
Good Clinical Practice (GCP) issued by the State Food and Drug
Administration (SFDA). All subjects signed written informed
consent forms.

Study Design
This was a randomized, open-label, prospective, national multi-
center phase III study, grouped through the online registration
system. Patients were enrolled between October 2016 and March
2020. SCA injection (0.25 mg/5 mL) was developed and provided
by Jinqiao Pharmaceutical Co., Ltd. (Guizhou, China), and DOX
(20 mg/0.5 mL) was purchased from Qilu Pharmaceutical Co.,
Ltd. (Shandong, China). Patients were randomized to either the
CON group (DOX 75 mg/m2, d1; sodium cantharidinate 0.5 mg,
d1-14; repeated every 21 days), or the DOX group (single-agent
DOX 75 mg/m2, d1; repeated every 21 days), or the SCA group
(single-agent sodium cantharidinate 0.5 mg, d1-14; repeated
every 21 days), until disease progression or the development of
intolerable adverse events. During the course of treatment, if
grade ≥3 hematological or grade ≥2 non-hematological toxicities
develop, a second dose reduction of docetaxel is allowed. In the
75 mg/m2 dose group, the first dose will be adjusted to 60 mg/m2,
and the second dose will be adjusted to 50 mg/m2. Once the dose
is adjusted, the study will be completed according to the reduced
dose. If grade 3/4 adverse reactions according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events (NCI_CTCAE) 4.03 still occur after two dose
adjustments (24), treatment must be discontinued. For sodium
cantharidinate, dose adjustment is not allowed, but dose
interruption is allowed, and the maximum interruption time
does not exceed 5 days.

Effectiveness and Safety Assessment
The primary endpoints were centrally confirmed progression-
free survival (PFS) and overall survival (OS). Secondary
endpoints included objective response rate (ORR), disease
control rate (DCR), quality of life (QoL) and toxicity. The
standard RECIST1.1 were used to evaluate the objective
curative effect on tumors, which were divided into complete
response (CR), partial response (PR), stable disease (SD) and
progressive disease (PD). PFS is defined as the time between
when subjects are randomized to the group and first
confirmation of disease progression or death from any cause
(whichever occurs first); the follow-up time for PFS is 12 months.
OS refers to the time from random enrollment to death from any
cause. Patients whose death date is not recorded in the clinical
database are censored at the last known alive date; the follow-up
time for OS is 24 months. ORR is defined as the percentage of CR
and PR cases and DCR is defined as the percentage of CR, PR and
SD cases among patients with evaluable efficacy following by
RECIST version 1.1. The adverse events (AEs) of the subjects
were evaluated according to the standard NCI_CTCAE version
4.03, and the clinical characteristics, severity, time of occurrence,
duration, treatment methods and prognosis were recorded.
December 2021 | Volume 11 | Article 769037
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The QoL were evaluated by Functional Assessment of Cancer
Therapy-Lung (FACT-L) every 3 weeks.

Statistical Analysis
SPSS Statistics, version 24.0 (IBM Corp) and GraphPad Prism
(version 8.0) were used to perform the statistical analysis.
Continuous variables were presented as the mean and standard
deviation (SD) or median and interquartile range (IQR) and
compared using the Wilcoxon rank-sum test or Kruskal-Wallis
test. Categorical variables were described by frequencies and
percentages and compared by Fisher exact and c2 tests. The
Kaplan-Meier method and log-rank test were used to evaluate
PFS and OS durations. All statistical tests were two-sided,
a=0.05, and P<0.05 was considered statistically significant.
RESULTS

Patient Baseline Characteristics
A total of 148 patients were enrolled in our study between
October 2016 and March 2020 at 12 ins t i tut ions
(Supplementary Table 1). Of the 148 eligible patients, 50
(33.78%) were assigned to the SCA group, 48 (32.44%) were
assigned to the DOX group and 50 (33.78%) were assigned to the
CON group (Figure 1). The median age was 51 years (IQR: 44-
Frontiers in Oncology | www.frontiersin.org 4
61), and 124 patients (83.78%) were male. All patients had stage
IV disease, adenocarcinoma and squamous cell carcinoma were
the most common histological types (accounting for 40.54 and
56.08%, respectively), and EGFR wild-type patients accounted
for 49.32% of the cases (Supplementary Table 2). There were no
significant differences among the three groups in terms of age
(p=0.928), sex (p=0.888), ECOG PS score (p=0.957), histological
type (p=0.799), Charlson Comorbidity Index (CCI) (p=0.916), or
EGFR status (p=0.735) (Table 1).

Clinical Efficacy Analysis
In our cohort, 12 patients achieved PR after treatment, 81
patients achieved SD, whereas no patients achieved CR; the
overall ORR was 8.11%, and the overall DCR was 62.84%
(Table 2). The ORRs of the three groups were 6.00, 8.33 and
10.00%, respectively, with no statistically significant differences
(Table 2; p=0.469). The DCR of the CON group was 74.00%,
which was higher compared with that of the SCA group (52.00%)
and the DOX group (62.50%), but without statistical significance
(Table 2; p=0.080). There was also no statistical significance
between the SCA and DOX groups (p=0.437).

The primary endpoints were centrally confirmed PFS and OS.
All subjects were followed up for 12 months for PFS. A total of
127 patients were included in the analysis set. The results
revealed that the median PFS (mPFS) of the SCA, DOX and
FIGURE 1 | Flow diagram of patient selection.
December 2021 | Volume 11 | Article 769037
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CON groups was 2.7 (95% CI: 1.751-3.649), 2.9 (95% CI: 1.470-
4.330) and 3.1 (95% CI: 2.313-3.887) months, respectively. The
mPFS of the CON group was slightly higher compared with that
of the SCA and DOX group. The mPFS was similar between the
SCA and CON groups, and no statistically significant difference
in mPFS was observed among the three groups (Figure 2A;
p=0.725). All subjects were followed up for 24 months for OS. All
subjects were included in the analysis set. A total of 116 patients
succumbed to tumor progression. The results revealed that the
median OS (mOS) of the SCA, DOX and CON groups was 7.27
(95% CI: 3.724-10.816), 5.03 (95% CI: 1.748-8.312) and 9.83
(95% CI: 3.821-15.839) months, respectively. mOS was
significantly higher in the CON group, compared with that in
the SCA and DOX groups (Figure 2B, p=0.035). Furthermore,
the mOS of the SCA group was higher compared with that of the
DOX group, but the difference was not statistically significant
(p=0.711). Subgroup analysis shows that there were no
statistically significant difference in mOS was observed among
histological type (Adenocarcinoma vs. Squamous cell carcinoma,
Supplementary Figure 1A, p=0.558) and EGFR status (Wild-
type vs. Unknown, Supplementary Figure 1B, p=0.163)

QoL Assessment
In our study, the QoL was evaluated by Functional Assessment of
Cancer Therapy- Lung (FACT-L) every 3 weeks. The FACT-L
scale includes four dimensions: FACT physical well-being, FACT
emotional well-being, FACT social well-being, and FACT
functional well-being. The FACT physical/emotional score are
inversely proportional to QoL, and FACT social/functional
status score are directly proportional to QoL. The results
demonstrated that there was no significant difference in the
Frontiers in Oncology | www.frontiersin.org 5
baseline QoL scores between the three groups (Table 3; p>0.05);
after treatment, the QoL in the SCA and CON group were
significantly improved (Table 3; p<0.05); while the physical/
emotional status of DOX group were better than before
treatment (Table 3; p<0.05), but the social/functional status
were decreased (Table 3; p<0.05).

Adverse Events
Among the 148 subjects, 102 (68.92%) developed AEs and 32
(14.19%) had grade ≥3 AEs; no treatment-related fatalities were
recorded. The incidence of AEs (Figure 3; SCA vs. DOX vs.
CON: 46.00% vs. 79.17% vs.82.00%, respectively, p=0.038) and
grade ≥3 AEs (Figure 3; SCA vs. DOX vs. CON: 10.00% vs.
25.00% vs. 30.00%, respectively, p=0.042) in the SCA group were
significantly lower compared with those in the DOX group and
the CON group. There was no statistically significant difference
in the rates of AEs and grade ≥3 AEs between the DOX and CON
groups (Figure 3; p=0.745 and p=0.548, respectively). The major
hematological AEs were neutropenia and decreased hemoglobin
concentration and platelet count (Supplementary Table 3). The
major non-hematological AEs were asthenia, fatigue, lethargy,
nausea/vomiting, increase in ALT and AST, constipation,
abdominal pain, diarrhea, increase in creatinine levels and
muscle pain (Supplementary Table 3).
DISCUSSION

Mylabris is a coleopteran insect (12). The earliest Chinese
medicine monograph “Sheng Nong’s herbal classic” has
TABLE 2 | Comparison of response rate between three groups (N=148).

Characteristic Total (N=148) SCA (n=50) DOX (n=48) CON (n=50) p

PR– no. (%) 12 (8.11) 3 (6.00) 4 (8.33) 5 (10.00) –

SD– no. (%) 81 (54.73) 23 (46.00) 26 (54.17) 32 (64.00) –

ORR– no. (%) 12 (8.11) 3 (6.00) 4 (8.33) 5 (10.00) 0.814
DCR– no. (%) 93 (62.84) 26 (52.00) 30 (62.50) 37 (74.00) 0.080
Decembe
r 2021 | Volume 11 | Article 7
*PR, partial response; SD, stable disease; ORR, objective response rate; DCR, disease control rate.
TABLE 1 | Patients’ baseline demographic and clinical characteristics in each group (N=148).

Characteristic SCA (n=50) DOX (n=48) CON (n=50) p

Median age at enrollment – years (IQR), n=148 62 (39-69) 51 (46-59) 56 (52-63) 0.928
Male sex– no. (%) 41 40 43 0.888
Smoking– no. (%) 35 29 40 0.109
Median ECGO at enrollment – points (IQR), n=148 1 (1-1) 1 (1-1) 1 (1-1) 0.957
Median Charlson Comorbidity Index (CCI) at enrollment, points. (IQR), n=148 8 (7-8) 8 (7-8) 7 (7-8) 0.916
Cancer stage IV– no. (%) 50 (100) 48 (100) 50 (100) 1.00
Histological type– no. (%) 0.799
Adenocarcinoma 23 17 20
Squamous cell carcinoma 25 29 29
Others

EGFR status– no. (%) 0.735
Wild-type 24 26 23
Unknown 26 22 27

Median Treatment cycle, (IQR) 2 (1-3) 2 (1-3.75) 2.5 (2-4) 0.092
*IQR, denotes interquartile range; SD, Standard Deviation; CCI, Charlson Comorbidity Index.
69037
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recorded the use of cantharides for therapeutic purposes. It is
cold and pungent in nature, and has significant toxicity; its
known therapeutic properties are mainly to disperse swelling,
activate blood circulation and remove stasis (Traditional Chinese
Medicine terminology). Cantharidin (molecular formula,
C10H12O4) is the effective component extracted from the body
of Mylabris (15). The antitumor efficacy of cantharidin has
received extensive attention in recent years. Studies (25) have
shown that cantharidin can specifically inhibit the activity of
protein phosphatase, regulate tumor cell autophagy, and
participate in the regulation of tumor cell proliferation and
apoptosis. However, the natural toxicity of cantharidin limits
its clinical use.

SCA is a semi-synthetic derivative of cantharidin, which is
chemically synthesized from cantharidin and sodium hydroxide
(molecular formula, C10H12Na2O5); the antitumor efficacy of
SCA is significantly better and its toxicity is significantly lower
compared with that of cantharidin (26–28). The anticancer
effects of SCA are mainly mediated by restricting cell cycle
progression from the S phase to G/M phase in cancer cells,
thereby inhibiting cell proliferation and inducing cell apoptosis,
similar to the action of cytotoxic drugs (15). It has been
Frontiers in Oncology | www.frontiersin.org 6
demonstrated that (29) SCA can also enhance immune
function by promoting the proliferation of T lymphocytes and
secreting the cytokine interleukin-2. It has also been shown that
(30) SCA inhibits the secretion of interleukin-8, downregulates
the protein expression of VEGF and MMP-9, inhibits the
formation of new blood vessels, inhibits tumor cell adhesion,
thereby inhibiting tumor invasion and metastasis. More studies
(29) have shown that SCA can shorten the bone marrow
maturation and release time of leukocytes, and promote the
differentiation of hematopoietic stem cells into granulocyte/
monocyte progenitor cells, while increasing white blood cell
count, thereby reducing the hematopoietic system toxicity
of chemoradiotherapy.

Clinical studies have shown that SCA combined with hepatic
artery perfusion have achieved significant efficacy in the
treatment of patients with hepatocellular carcinoma (HCC)
(16), and SCA injection was also approved by the China Food
and Drug Administration in 2013 for HCC (17). Recent clinical
(18–21, 31–34) observations have found that SCA combined
with chemotherapy exerted a significant synergistic effect in the
treatment of esophageal, gastric, pancreatic and cervical cancer,
osteosarcoma and other solid tumors, without increasing the
TABLE 3 | FACT-L score in three groups before and after treatment.

Variable Group Baseline 3 weeks 6 weeks 9 weeks

FACT physical SCA 12.84 (5.85) 9.89 (4.39) 8.13 (5.40) 8.12 (5.97)
DOX 12.07 (4.28) 9.55 (4.53) 9.50 (6.29) 9.10 (4.02)
CON 11.33 (4.24) 9.40 (5.69) 7.22 (3.99) 8.40 (4.80)

FACT emotional SCA 7.82 (5.03) 7.22 (4.62) 7.28 (3.95) 6.88 (4.20)
DOX 7.61 (3.71) 6.32 (2.93) 7.17 (4.18) 7.78 (3.86)
CON 7.02 (3.79) 7.30 (3.51) 6.17 (2.54) 6.53 (3.28)

FACT social SCA 19.42 (4.41) 18.19 (5.79) 20.38 (5.94) 22.25 (3.53)
DOX 19.32 (5.80) 17.35 (5.53) 19.83 (7.29) 18.60 (5.28)
CON 20.15 (5.42) 19.75 4.66) 21.06 (5.99) 21.40 (3.52)

FACT functional SCA 12.85 (5.85) 12.78 (5.87) 14.87 (4.96) 15.55 (6.44)
DOX 12.27 (6.43) 11.03 (6.12) 11.67 (6.88) 10.60 (6.04)
CON 12.65 (6.44) 14.88 (7.04) 14.38 (7.38) 17.46 (7.12)
De
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FIGURE 2 | Kaplan-Meier curves for (A) progression-free survival (PFS) and (B) overall survival (OS).
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incidence of adverse events. In 2014, Wang et al. (22) conducted
a clinical study to observe the clinical outcomes of the SCA
combined with GP regimen in the treatment of middle-to-late-
stage NSCLC. A total of 86 NSCLC patients were enrolled, of
whom 45 patients were randomized to the SCA + GP
combination group, and 41 patients received the GP regimen
alone. The effectiveness rate of the combination and GP groups
was 57.8 and 36.6%, respectively (p<0.05); HRQoL in the
combination group was significantly higher compared with
that in the GP group (p<0.05); the occurrence rate of toxic/
adverse effects was significantly lower in the combination group
(p<0.05). However, no survival-related data were collected and
analyzed. Zheng et al. (35) further conducted a meta-analysis of
38 trials involving 2,845 patients in China, and found that SCA
could increase the ORR (1.52 [1.40-1.66]), DCR (1.20 [1.16-
1.25]) and QoL (1.76 [1.56-1.98]), but not the 1- and 2-year OS
rate (1.16 [0.91-1.47] and 1.21 [0.51-2.91], respectively).
Subgroup analysis revealed that SCA was associated with a
lower risk of nausea/vomiting, gastrointestinal reactions,
neutropenia and thrombocytopenia compared with that of
chemotherapy alone.

In current clinical practice, for patients with no driver gene
mutations, DOX is the main second-line treatment option, but
DOX not only has limited efficacy, but also several patients are
unable to complete treatment due to adverse events (8).
Although immunotherapy (PD-1/L1) combined with DOX
significantly improves the therapeutic effect, but patients with
second-line treatment have poor lung function, and
immunotherapy combined with chemotherapy can greatly
increase the risk of pneumonia, which restricts second-line use
(9). Overall, Second-line treatment options for advanced/
metastatic wild-type or unknown EGFR status NSCLC patients
with failure of first-line platinum regimens are limited. From
previous studies, SCA is expected to become an important choice
for second-line treatment of advanced/metastatic NSCLC with
wild-type or unknown EGFR status. However, there is no large-
scale phase III clinical trial of SCA in patients with advanced
NSCLC, to the best of our knowledge. In order to explore the
efficacy and safety of SCA as a single agent or combined with
chemotherapy in the second-line treatment of patients with
Frontiers in Oncology | www.frontiersin.org 7
advanced NSCLC, we designed and carried out a randomized,
open-label, national multi-center phase III clinical trial for the
first time.

Through strict entry and exclusion criteria, 148 advanced/
metastatic NSCLC patients with wild-type or unknown EGFR
status were enrolled in our study, and randomly assigned to
CON group (n=50) or DOX group (n=48) or SCA group (n=50)
until disease progression or the development of intolerable
adverse events. In our cohorts, there were no significant
differences among the three groups in terms of age, gender,
ECOG, histological type, CCIs, EGFR status. Among the 148
subjects investigated in the present study, all patients had at least
one evaluable CT scan. Statistical results demonstrated that the
overall ORR was 8.11%, and the overall DCR was 62.84%. The
ORRs of the three groups were 6.00, 8.33 and 10.00%,
respectively, with no statistically significant differences. The
ORRs of the three groups were 52.00, 62.50 and 74.00%,
respectively, although there was no statistically significant
difference among the three groups, the DCR of the CON group
was found to be significantly higher compared with that of the
single-agent groups. The ORR and DCR of docetaxel in our study
were 8.33% and 62.5%, which were basically in line with the
results of previous clinical studies (8, 9, 36, 37). Our study found
that single-agent SCA and single-agent DOX has similar ORR
and DCR, the clinical treatment effect is equivalent; and SCA
combined with DOX can improve the DCR to a certain extent,
with a synergistic effect.

We further performed statistical analysis on the primary
endpoints PFS and OS. All subjects were followed up for 12
months for PFS. A total of 127 patients were included in the
analysis set. The statistical results revealed that the mPFS of the
three groups were 2.70, 2.90 and 3.10 months; there was no
significant difference in mPFS among the three groups. It is
worth noting that one subject (NO.14001) in the SCA group
completed the 22-cycle dosing trial, with a PFS of 19 months. All
subjects were followed up for 24 months for OS, and all subjects
were included in the analysis set. A total of 116 patients
succumbed to tumor progression. It was found that the mOS
of the three groups were 7.27, 5.03 and 9.83 months, respectively.
The mOS of the CON were significantly higher compared with
that of the two single-agent groups. Interestingly, the mOS of the
SCA group were higher compared with that of the DOX group,
although the difference was not statistically significant. These
results indicate that SCA alone has achieved PFS and OS benefits
that are not inferior to single-agent DOX in the second-line
treatment of advanced/metastatic NSCLC with wild-type or
unknown EGFR status. And, although SCA plus DOX did not
benefit from PFS, the mOS of the CON group was significantly
prolonged by 4.8 months compared with single-agent DOX, and
OS was significantly benefited in CON group.

In terms of QoL, there was no significant difference in the
baseline QoL (38) scores between the three groups; after
treatment, the QoL in the SCA and CON group were
significantly improved; while the physical/emotional status of
DOX group were better than before treatment, but the social/
functional status were decreased. These results indicate that
FIGURE 3 | Incidence of Adverse Events in each group (N=148).
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compared with single-agent DOX group, single-agent SCA or
combination therapy can effectively improve the QoL of patients.
Also, in terms of safety, a total of 148 subjects in the three groups
were evaluated for the presence of AEs, among whom 68.92%
had AEs, 14.19% had grade ≥3 TEAEs, whereas no fatalities due
to serious adverse reactions were recorded. Among them, the
incidence of AEs of three groups were 46.00%, 79.17%, and
82.00%, respectively; the incidence of ≥ grade 3 AEs were 10.00%,
25.00%, and 30.00%, respectively. These results indicate that
compared with single-agent DOX, the incidence of AEs and ≥
Grade 3 AEs in the single-agent SCA group was significantly
lower, especially hematology- related AEs, such as leukopenia/
neutropenia, anemia and thrombocytopenia.; The SCA group
mainly exhibited non-hematological AEs, such as weakness,
fatigue, drowsiness, increased ALT and AST levels, and
increased creatinine levels, and most of the AEs are transient
or reversible, within the controllable range, and there were no
unexpected AEs; most importantly, SCA plus DOX did not
increase the incidence of AEs and grade ≥3 AEs. The safety
and tolerability of single-agent SCA or combination therapy are
both better.

There are several limitations in our study. Firstly, the sample
size was too small and multiple group analyses may have been
underpowered, and a larger sample size is needed to verify the OS
benefit of patients (39). Secondly, as immunotherapy became the
gold standard in all the approved guide lines (40), but the
patients we enrolled in the first-line/second-line treatment did
not receive immunotherapy; which may not fully reflect real-
world clinical experience. Thirdly, our study is not a double-
blind but open-label trial, subjective factors of researchers and
participants will bring a certain bias (41). Fourthly, in vitro cell
functional experiments were lacked in our study. Lastly, we
believe that factors such as underlying disease activity,
concomitant medications, and follow-up treatment in the
patient population are unlikely to have confounded our data,
so, our study did not analyze the effects of these factors on the
efficacy and prognosis of patients, as it was beyond the scope of
the current analyses.
CONCLUSION

In summary, our prospective, randomized, open-label, national
multi-center phase III clinical study demonstrated that single-
agent SCA has similar ORR and DCR and PFS and OS benefits to
single-agent DOX in the second-line treatment of advanced/
metastatic NSCLC with wild-type or unknown EGFR status, with
a lower risk of hepatotoxicity/gastrointestinal toxicity and better
QoL. Therefore, SCA may be considered as an effective
alternative treatment for patients with advanced/metastatic
NSCLC with a poor general condition, who are unable to
tolerate the side effects of chemotherapy. Furthermore, SCA
plus DOX can significantly improve OS and exerted a
significant synergistic effect, although it cannot improve PFS,
Frontiers in Oncology | www.frontiersin.org 8
ORR and DCR. Moreover, it does not increase the incidence of
adverse reactions, and has a good safety and tolerance profile. To
the best of our knowledge, this report is the first to provide
valuable evidence on the efficacy and safety of SCA in the second-
line treatment of patients with advanced NSCLC, which should
affect clinical decision-making.
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Dıáz-Garcıá D, et al. Efficacy and Safety of Pembrolizumab Plus Docetaxel vs
Docetaxel Alone in Patients With Previously Treated Advanced Non-Small
Cell Lung Cancer: The PROLUNG Phase 2 Randomized Clinical Trial. JAMA
Oncol (2020) 6:856–64. doi: 10.1001/jamaoncol.2020.0409

12. Duan C, Cheng W, Chen Q, Li X, Zhang J. Pharmacokinetics and Tissue
Distribution of Cantharidin After Oral Administration of Aqueous Extracts From
Mylabris in Rats. BioMed Chromatogr (2021) 35:e5172. doi: 10.1002/bmc.5172
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