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Abstract. Metronomic chemotherapy (MCT) is defined as the 
rhythmic chemotherapy of low‑dose cytotoxic drugs with short 
or no drug‑free breaks over prolonged periods. MCT affects 
tumor cells and the tumor microenvironment. Particularly, the 
low‑dose schedule impairs the repair process of endothelial 
cells, resulting in an anti‑angiogenesis effect. By stimulating the 
immune system to eliminate tumor cells, MCT induces immu‑
nological activation. Furthermore, combined with targeted 
therapy, anti‑angiogenic drugs enhance the efficacy of MCT. The 
present review is an overview of phase I, II and III clinical trials 
focusing on the efficacy, toxicity and mechanism of MCT in 
patients with non‑small cell lung cancer (NSCLC). Furthermore, 
the prospects of MCT in NSCLC have been discussed. The 
present review indicated that MCT is an efficacious treatment 
for selected patients with NSCLC, with acceptable systemic side 
effects and economic viability for public health.

Contents

1. Introduction
2. Preclinical studies of MCT
3. Clinical trials of MCT
4. Mechanism of MCT
5. Conclusion

1. Introduction

Lung cancer is one of the leading causes of cancer‑related 
mortality worldwide, comprising an estimated 12‑13% of 
total new cancer cases and 22‑23% of the total cancer‑asso‑
ciated deaths in 2020 (1). A total of ~85% of primary lung 
cancer cases are non‑small cell lung cancer (NSCLC) (2) 
and the majority of patients are diagnosed at an advanced 
stage. With the exception of a few patients who may have 
the opportunity to receive immune checkpoint therapy 
and others with a drive gene mutation who can undergo 
targeted therapy, almost all patients with NSCLC undergo 
chemotherapy (3). Conventional chemotherapy attempts to 
use doses close to the maximum tolerated dose (MTD) to 
maximize efficacy and eradicate tumor cells directly and 
has been the cornerstone of standard cancer treatment for 
several decades (4,5). Even with intensive chemotherapeu‑
tics, the overall response rate (ORR) of patients following 
first‑line chemotherapy is <10%, progression‑free survival 
(PFS) time is ~2.5 months and median overall survival (OS) 
time is ~9 months (6,7). Therefore, a novel treatment that 
employs the periodic application of low‑dose (one‑tenth 
to one‑third of MTD) cytotoxic drugs with short or no 
drug‑free breaks (daily, several times a week or weekly) over 
prolonged periods, known as metronomic chemotherapy 
(MCT) (Fig. 1), is under investigation and has become a 
focus of research.

The present review collected publications using the 
terms ‘metronomic chemotherapy’, ‘MCT’ and ‘NSCLC’ 
to search the MEDLINE/PubMed database (http://www.
webofknowledge.com/https://pubmed.ncbi.nlm.nih.gov) from 
January 2000 to December 2019. An overview of phase I, II 
and III clinical trials focusing on the efficacy, toxicity and 
mechanism of MCT in patients with NSCLC was conducted. 
The prospects of MCT in NSCLC have also been discussed. 
The current review indicated that MCT is an efficacious treat‑
ment option for selected patients with NSCLC, with acceptable 
systemic side effects and economic viability for public health.

2. Preclinical studies of MCT

The term ‘metronomic’ was first proposed by Hanahan et al (7) 
in 2000 based on studies by Browder et al (8) and 
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Klement et al (9). In 2000, Browder et al established an animal 
xenograft model that underwent continuous application of 
low‑dose cyclophosphamide, causing endothelial cells in the 
tumor vascular bed to continue to wither (8). In the same year, 
Klement et al also confirmed that continuous low‑dose vinblas‑
tine inhibited tumor angiogenesis, leading to the recession of 
large, established tumors (9). Following these studies, the effect 
of MCT using numerous drugs has been gradually explored. 
The details preclinical drug studies are summarized in Table I.

3. Clinical trials of MCT

During the last decade, numerous clinical trials have been 
performed to explore MCT in first‑ and second‑line treatment, 
and to investigate the maintenance of treatment for metastatic 
NSCLC (10‑13). Drugs used by MCT‑related clinical trials 
could be single‑drug, two‑drug or multiple‑drug combinations, 
and can be combined with targeted drugs, anti‑angiogenesis 
drugs or radiotherapy (Table II).

Single agent of MCT in first‑line treatment. Despite evidence 
that carboplatin and paclitaxel significantly improved OS 
time compared with vinorelbine or gemcitabine monotherapy 
(median OS, 10.3 months vs. 6.2 months), greater toxicity 
limited their use (neutropenia, 48% vs. 12%) (10). Single‑agent 
chemotherapy is an option for patients who are less suited for 
combination chemotherapy, particularly for older patients, and 
an oral agent may be a more suitable choice of administra‑
tion (14).

Metronomic oral vinorelbine is an extremely safe treat‑
ment for advanced NSCLC with notable clinical benefit, 
mainly consisting of long‑term disease stabilization (15). 
Camerini et al (16) reported that the median survival 
of 14 patients with NSCLC who underwent MCT was 
>30 months. Compared with intravenous administration 
of vinorelbine, oral administration of vinorelbine has the 
advantages of convenience and minimal side effects (17). 
Patients with Union for International Cancer control version 8 
stage IIIB‑IV NSCLC who were treated with oral vinorelbine 
50 mg 3 times/week as first‑line chemotherapy had a median 
time to progression (TTP) of 5 months and a median OS of 
9 months (range, 3‑29 months), demonstrating good tolerance 
with rare incidents of serious toxicity (16,18). Patients who were 
aged >60 years and had stage IIIB or IV, Eastern Cooperative 
Oncology Group (ECOG) ≥1 and with ≥1 significant comor‑
bidity were treated with oral vinorelbine 30 mg 3 times/week 
or 40 mg 3 times/week, meaning treatment was administered 
1 day on and 1 day off (19). The median OS was 12 months, 
disease control rate was 63% and median PFS was 9 months. A 
meta‑analysis of metronomic oral vinorelbine encompassing 
418 patients reported an OS of 8.7 months (95% confidence 
interval, 7.6‑9.5) (20). A schedule of 20‑30 mg every other day 
without interruption demonstrated good tolerance and clinical 
benefit (21).

Taxanes (docetaxel and paclitaxel), which are novel 
microtubule‑stabilizing agents, are an integral part of several 
commonly used chemotherapy regimens in NSCLC (22). 
Weekly docetaxel and 3‑week conventional schemes exhibited 
similar effects for untreated advanced NSCLC (23,24). In 
terms of adverse reactions, the febrile neutropenia incidence 

was significantly lower in the weekly metronomic treatment 
group compared with the traditional 3‑week group.

Multiple MCT drugs in first‑line treatment: Vinorelbine 
and cisplatin (DDP). To evaluate the safety and efficacy 
of metronomic vinorelbine in combination with DDP as 
a first‑line treatment for patients with advanced NSCLC, 
Katsaounis et al (25) conducted a multicenter phase II study, 
in which a total of 41 patients with advanced NSCLC were 
treated with oral metronomic vinorelbine (60 mg total dose, 
every other day) in combination with DDP (80 mg/m2) in 
cycles of 21 days. The median PFS was 4.2 months, median 
OS was 12.0 months and 1‑year survival rate was 52.6%. 
Three of these patients exhibited febrile neutropenia and one 
died due to sepsis. Although the combination schedule was 
accompanied by myelotoxicity, the treatment was still an 
effective option in the first‑line treatment option for patients 
with advanced NSCLC. MTDs were reached at an oral dose 
of 60 mg 3 times/week for vinorelbine and 85 mg/m2 for DDP 
and ORR was 20.8%. This metronomic strategy was tolerable 
and effective in patients with NSCLC (21).

Later line treatment. Oral metronomic vinorelbine produced 
non‑negligible survival in elderly or pretreated patients and 
exhibited stable long‑term blood concentrations (21,26,27). 
Daily oral vinorelbine (30 mg/day) for 21 days with an inter‑
ruption in treatment for 1 week was well tolerated without 
dose‑limiting toxicity (26). In another study, a schedule of 
20‑30 mg every other day without interruption provided good 
tolerability and clinical benefit (21). Additionally, pretreated 
patients with NSCLC were treated with oral vinorelbine at a 
dose of 50 mg 3 times/week with a median OS of 9.4 months 
and a 1‑year survival rate of 30.1% (27).

Single agent MCT in later line treatment: Taxane. In 2000, 
Hainsworth et al (28) concluded that weekly docetaxel 
(36 mg/m2) was well tolerated in elderly patients with NSCLC, 
with a median survival time of 5 months and a 1‑year survival 
rate of 27%. In another study, weekly paclitaxel (80 mg/m2) 
was also well tolerated, effective and safe for recurrent refrac‑
tory NSCLC, with a median PFS of 4 months and a median OS 
of 7 months (29).

Single agent MCT in later line treatment: Temozolomide 
(TMZ). TMZ, a novel oral alkylating agent, has demonstrated 
anticancer activity against brain metastases in various solid 
tumors, including NSCLC (30). TMZ was administered at a 
dose of 75 mg/m2 daily for 21 days every 28 days, resulting 
in a median OS of 3.3 months and a 1‑year survival rate of 
22.5% (30). However, another phase II study reported no objec‑
tive response to TMZ in patients with chemotherapy‑naive 
advanced NSCLC (31). Treatment discontinuation may be the 
result of ineffective treatment in patients with NSCLC and a 
particularly poor prognosis.

Multiple MCT drugs in later line treatment. In 2006, 
Correale et al (32) conducted a pilot phase II study to evaluate 
the toxicity and effect of the novel metronomic protocol of 
weekly DDP 30 mg/m2 on days 1, 8 and 14 and oral daily etopo‑
side (VP16) 50 mg/m2 on day 1‑21 of the 28 days of the cycle in 
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high‑risk patients with NSCLC with a mean TTP of 9 months 
and OS of 13 months. However, three deaths were caused 
by pulmonary embolism. In the same study, 10 patients who 
underwent MCT exhibited decreased expression of vascular 
endothelial growth factor (VEGF), indicating that MCT may 
influence tumor growth and angiogenesis. Generally, MCT is 
well tolerated and effective, even for patients with poor general 
condition.

Docetaxel and trofosfamide. Gorn et al (11) conducted 
a pilot study investigating the combination of docetaxel 
25 mg/2 on days 1, 8 and 15, and trofosfamide 50 mg daily 
every 28 days as a second‑line treatment for patients with 
metastatic NSCLC. The median PFS and median OS were 
2.9 and 6.9 months, respectively. Furthermore, no grade IV 
toxicity or treatment‑induced death occurred.

MCT combined with target therapy. Targeted treatments yield 
higher response rates, longer PFS and prolonged OS compared 
with traditional cytotoxic chemotherapies (33). However, 
concurrent administration of gefitinib or erlotinib with 
standard platinum‑doublet chemotherapy in large phase III 
randomized trials presented no improved survival compared 
with chemotherapy alone (34‑37). It remains unclear whether 
MCT combined with targeted therapy yields clinical benefit.

Tegafur and gefitinib. Tegafur/uracil (UFT) has an underlying 
anti‑angiogenesis effect and is suitable for MCT (38). This 
inhibitory effect is more obvious when UFT was administered 
continuously at low doses (39). For patients with epidermal 
growth factor receptor (EGFR) mutations, the addition of 
UFT significantly improved PFS (14.4 vs. 7.6 months) (39). 

For patients with low microvessel density, the addition of 
UFT to gefitinib treatment resulted in longer PFS (median 
PFS, 11.8 vs. 2.8 months). The median OS was 18.3 months 
in the gefitinib alone group and 23.6 months in the gefitinib 
with UFT group.

Oral vinorelbine and erlotinib. Sutiman et al (40) designed 
a phase I study of oral vinorelbine in combination with 
erlotinib using conventional (CSV) and metronomic (MSV) 
dosing schedules in NSCLC to evaluate the safety, toler‑
ability and pharmacokinetics of treatments. Oral vinorelbine 
40 mg/m2 in the CSV group (n=16) and 100 mg/week in the 
MSV group (n=14) was administered on days 1 and 8. An 
objective response was achieved in 38 and 29% of the CSV 
and MSV groups, respectively. In conclusion, the combination 
of oral vinorelbine with erlotinib was feasible and tolerable in 
both groups. Neither pharmacokinetic nor pharmacogenetic 
monitoring appeared to be useful in predicting OS with oral 
metronomic vinorelbine in advanced NSCLC (41). Metronomic 
vinorelbine inhibited the phosphorylation of extracellular 
signal‑regulated kinase (ERK)1/ERK2 and protein kinase B, 
and significantly decreased the expression of cyclin‑D1 and 
ATP‑binding cassette super‑family G member 2 mRNAs and 
proteins, sensitizing resistant cells to EGFR tyrosine kinase 
inhibitors (42).

MCT combined with anti‑angiogenic drugs. Anti‑angiogenic 
therapy has become a focus for the treatment of advanced 
lung cancer. Preclinical studies have demonstrated that 
the combination of MCT and anti‑angiogenesis drugs can 
further improve efficacy (43,44). Metronomic vinorelbine 
combined with Endostar significantly enhanced antitumor and 
anti‑angiogenic responses without overt toxicity in a xenograft 
mouse model of human lung cancer (43).

Vinorelbine and sorafenib. Patients received a starting 
dose of sorafenib at 200 mg 2 times/day for 4 weeks with 
a fixed metronomic (3 times/week) dose of oral vinorel‑
bine at 60, 90 or 120 mg/week (45). In patients without 
dose‑limiting toxicities, sorafenib doses were increased 
to 400 mg 2 times/day for 4 weeks, 600 mg 2 times/day 
for 4 weeks and, finally, 800 mg 2 times/day. A total of 
48 patients were analyzed. The results demonstrated that four 
(8.3%) patients exhibited a partial response (PR) and seven 
(14.6%) a cavitary response. The combination of sorafenib 
and metronomic oral vinorelbine was effective in treating 
advanced NSCLC. Furthermore, circulating endothelial cell 
counts were mentioned a promising marker for improved 
survival.

DDP, VP16 and bevacizumab. A previous study of DDP and 
oral VP16 MCT combined with bevacizumab in the treatment 
of advanced NSCLC was performed to evaluate whether MCT 
increased the efficacy of anti‑angiogenesis therapy (46). A 
total of 40 patients who received combination treatment had 
an ORR of 77.5%. The stable disease rate was 15%, median 
TTP was 7.6 months the most common grade 1‑2 toxicity was 
hematological toxicity. The study selected 5 mg/kg as the 
optimal biological dose of bevacizumab and 7.5 mg/kg as the 
maximum tolerated dose. Bevacizumab combined with MCT 

Figure 1. Difference between metronomic chemotherapy and conventional 
chemotherapy. MTD, maximum tolerated dose.
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was considered to be safe and feasible with anti‑angiogenic 
activity and significant antitumor effects.

In 2011, Correale et al (47) added bevacizumab to DDP 
and applied metronomic daily oral VP16 for 45 patients with 
advanced NSCLC. The patients received DPP (30 mg/m2, 
days 1‑3), oral VP16 (50 mg, days 1‑15) and bevacizumab 
(5 mg/kg, day 3) every 3 weeks. A PR was achieved in 31 
(68.9%) patients, NSCLC remained stable in eight (17.8%) and 
disease progressed in six (13.3%) patients. Furthermore, PFS 
was 9.53 months. The bio‑chemotherapy regimen demonstrated 
efficacy in advanced NSCLC; however, due to hematological 
toxicity and gastroenteric toxicity, patients enrolled in future 
studies should be strictly selected.

Paclitaxel, gemcitabine and bevacizumab. The combination 
of paclitaxel, gemcitabine and bevacizumab administered in 
a metronomic schedule was demonstrated to be an effective 
and tolerable treatment strategy for patients with advanced 
NSCLC (44). Patients were treated with 4‑week cycles of 
paclitaxel 80 mg/m2 and gemcitabine 300 mg/m2 weekly for 
three weeks, plus bevacizumab 10 mg/kg every two weeks. 
The results reported a median PFS of 8.5 months and a median 
OS of 25.5 months.

A phase II study of MCT with bevacizumab in patients 
with advanced non‑squamous (NS)NSCLC was presented 
at the 2013 American Society of Clinical Oncology 
meeting (48). A total of 33 untreated patients with stage 4 
NS‑NSCLC were administrated a 4‑week cycle of paclitaxel 
(80 mg/m2, days 1, 8 and 15), gemcitabine (200‑300 mg/m2, 
days 1, 8 and 15) and bevacizumab (10 mg/m2, days 1 and 15) 
for six cycles. The results reported that ORR was 73%, 
median PFS was 9 months, median OS was 30 months, 1‑year 
survival was 74% and 2‑year survival was 55%. The results, 
although limited by the size of the trial, were consistent with 
the hypothesis that MCT with bevacizumab may enhance 
anti‑angiogenic effects and clinical benefits in advanced 
NS‑NSCLC.

Metronomic cyclophosphamide with radiotherapy. Improving 
the outcomes of radiotherapy (RT) in the form of concurrent 
chemotherapy, anti‑angiogenic therapy and anti‑growth factor 
receptor targeted therapies has been a focus of research (49). 
Comparisons were made between 65 patients treated 
with palliative RT alone (20‑30 Gy in 5‑10 fractions) and 
74 patients treated with palliative RT and oral metronomic 

cyclophosphamide (50 mg daily) (50). The PFS was signifi‑
cantly higher when metronomic chemotherapy was added to 
RT in comparison to treatment with RT alone in patients with 
adenocarcinoma (3.5 vs. 2.4 months) and no significant differ‑
ences were observed in patients with squamous cell carcinoma 
without any measurable hematological toxicity. Radiotherapy 
combined with metronomic VP16 prolonged OS, indicating 
that the combination may have a synergistic effect (51). 

Maintenance therapy. Based on the characteristics of MCT 
(low toxicity, high efficacy and low resistance to chemo‑
therapy), its combination with other drugs, including targeted 
therapy, is a choice of treatment for advanced NSCLC (12,13). 
Currently, two phase III studies have confirmed the promising 
efficacy of MCT with maintenance therapy (12,13). After the 
tumor load is decreased by traditional chemotherapy, MCT may 
have improved function in inhibiting tumor angiogenesis and 
adjusting the immune function in maintenance therapy (52,53). 
However, chemotherapy conversion for NSCLC still requires 
basic and clinical verification.

A larger number of severe toxicities, including grade 4 
hemoptysis, thromboembolism and pulmonary embolism, 
were observed in MCT combined with targeted therapy, such 
as bevacizumab and sunitinib (54). TMZ and VP16 MCT 
are associated with a risk of myelodysplastic and secondary 
leukemia (55,56). PFS reached 4 months following second‑line 
metronomic oral vinorelbine‑atezolizumab combination for 
stage‑IV NSCLC (57). Additional attention should be paid to 
the cumulative and long‑term toxicity in long‑term use of MCT, 
particularly in children. Furthermore, maintenance therapy 
with oral metronomic vinorelbine prolonged PFS compared 
with best supportive care; however, the optimal dose of oral 
metronomic vinorelbine requires further investigation (58).

4. Mechanism of MCT

Continuous low‑dose chemotherapy was shown to achieve 
more antitumor effects in vivo compared with routine 
chemotherapy with a completely different mechanism, laying 
the foundation for MCT (8). In early 2000, a relatively low 
dose of cyclophosphamide or vinblastine was used to validate 
the inhibition of angiogenesis inhibition and how that exerts 
an antitumor effect in an animal model (8). Additionally, 
several novel mechanisms have been identified, including 
immune‑ and stem cell‑based mechanisms (Fig. 2) (59‑61).

Table I. Preclinical studies of metronomic chemotherapy in lung cancer.

First author, year Protocol Dosage Xenograft (Refs.)

Browder et al, 2000  Cyclophosphamide 170 mg/kg every 6 days Lewis lung carcinoma (8)
Eichhorn et al, 2010  EndoTAG‑1 with cisplatin 40 and 80 mg/kg/day Lung cancer (92)
Panigraphy et al, 2010  Oral etoposide 40 and 80 mg/kg/day Lewis lung carcinoma (93)
Wang et al, 2012  Cyclophosphamide and Endostar 10 mg/kg of cyclophosphamide NSCLC (44)
  and 4 mg/kg of Endostar daily

NSCLC, non‑small cell lung cancer; EndoTAG‑1, cationic lipid complexed paclitaxel.
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Angiogenesis mechanism. MCT is hypothesized to target 
endothelial cells and circulating endothelial progenitors (CEPs) 
directly with a lack of drug resistance (38,62). Bocci et al (63) 
reported almost no difference among various endothelial 
cells and cancer cells during short‑term exposure to cytotoxic 
drugs. However, following long‑term continuous exposure, 
endothelial cells were relatively more sensitive compared with 
cancer cells (63). Owing to the high sensitivity of tumor endo‑
thelial cells, low doses of chemotherapy drugs inhibit their 
proliferation instead of the proliferation cancer cells (63,64). 
Additionally, cyclophosphamide MCT reduced the number 
and activity of CEPs, coinciding with long‑term tumor inhi‑
bition (65). It has been reported that low‑dose MCT may be 
an effective treatment to prevent CEPs mobilization (66). 
Furthermore, MCT induces functional normalization of tumor 
blood vessels, resulting in improved tumor perfusion (66). 
Consequently, MCT delays both primary and secondary 
tumor growth by blocking the supply of essential nutrients and 
removing metabolites (38,67,68). Vinorelbine MCT combined 
with an angiogenesis inhibitor (Endostar) significantly 
enhanced anti‑angiogenic responses by inhibiting tumor 
growth by decreasing the expression of cluster of differentia‑
tion (CD) 31, VEGF, hypoxia inducible factor 1α and CEPs in 
a xenograft model of human lung cancer (43).

Immune‑based mechanism. In addition to angiogenesis inhi‑
bition, MCT also restores antitumor immunity and induces 
tumor dormancy (69), forming a tumor immune balance 
from an immunosuppressive state to an immune activation 
state (70).

Regulatory T cells (Tregs) are CD4+CD25+ forkhead box 
P3+ lymphocytes and the expression of cytotoxic lympho‑
cyte‑associated antigen‑4 inhibits cell‑specific immune 
responses (71,72). Tregs inhibit the antitumor immune 
response, which is mediated by CD8+ lymphocytes, CD4+ 
T helper cells and natural killer cells (72‑74). Increased levels 
of Tregs are associated with tumor progression and a lack 
of response to cancer therapy (74). Therefore, the removal 
of Tregs from patients with NSCLC, particularly those in 
the tumor microenvironment, is considered important for 
successful antitumor therapy (74). Banissi et al (74) observed 
a decreased Treg/CD4+ ratio and attenuated residual Treg 
immunity suppression ability in a TMZ‑resistant glioma model 
with TMZ MCT (75). Furthermore, Ghiringhelli et al (76) 
confirmed that Tregs suppress NK cell effector functions 
in vitro and in vivo, i.e. homeostatic proliferation, cytotoxicity 
and IL‑12‑mediated IFN‑γ production.

Another subset of tumor suppressor cells, known as 
myeloid‑derived suppressor cells (MDSC), inhibit the activity 
of T cells in mouse tumor cell line 4T1‑Neu (77). The reduc‑
tion of MDSCs was hypothesized to be associated with the 
inhibition of p38 mitogen‑activated protein kinase activity, 
decreased levels of tumor necrosis factor‑α and NO and inhi‑
bition of S100 calcium‑binding protein A9 expression (77). 
Furthermore, MCT has been reported to selectively eliminate 
MDSCs and the protection of T‑cell subsets, thereby enhancing 
anti‑tumor immunity (77). An in vivo study indicated that 
paclitaxel MCT reduced MDSC infiltration in tumor tissues 
and that there was no effect on bone marrow hematopoietic 
stem cells (78).
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As antigen‑presenting cells, immunotherapy‑based 
dendritic cells (DCs) have been shown to preclinically and 
clinically induce a strong antitumor immune response (79). 
This study demonstrated that MCT induced DC maturation, 
enhanced DC phagocytosis and activated the Rho family of 
guanosine triphosphate phosphatases on DCs, which regulate 
cell‑cell interactions, cell migration and endocytosis (80). 
MCT regimens of certain chemotherapeutic drugs, including 
vinblastine, paclitaxel and VP16, promoted DC maturation 
at non‑toxic concentrations (62). In a clinical setting, optimi‑
zation of exact dosage and timing may need to be adjusted 
with respect to the patient's immune response and the type of 
tumor (81).

Stem cell‑based mechanism. Cancer stem cells (CSCs) are 
a group of cells with persistent self‑renewal and unlimited 
proliferation capacities in tumors, triggering resistance to 
conventional chemotherapy (82). Cyclophosphamide MCT has 
been demonstrated to significantly impair primary and meta‑
static tumor formation (83) and decrease the number of CD133+ 
precursors CD133+/CD44+/CD24+ in a pancreatic cancer 
xenograft model (84). Furthermore, an in vivo study indicated 
that the tumorigenicity of these resistant cells' tumorigenicity 
decreased with significant depletion of parental CD44+ cells, 
indicating that MCT may target CD44+ CSCs (85).

Tumor dormancy. Previous studies have identified the impor‑
tant effect that tumor cell dormancy serves in inhibiting tumor 
progression and recurrence (86,87). Tumor dormancy can occur 
at primary and metastatic tumor sites and is usually divided 
into three different types: i) Angiogenesis dormancy; ii) cell 
dormancy and iii) immune surveillance (69,88). Following 
induced apoptosis of tumor cells by tumor‑specific cytotoxic 

T lymphocytes, residual tumor cells usually survive; however, 
the immune system ensures that the tumor cells remain in 
a dormant state until immune escape occurs, followed by 
dormancy interruption (89).

5. Conclusion

The current review summarized preclinical and clinical trials 
focused on evaluating MCT either alone or in combination with 
other treatments in NSCLC management and provided infor‑
mation about the underlying mechanisms. Whether MCT is as 
efficient as conventional chemotherapy in front‑line settings 
and whether it is a good surrogate for further line treatment 
in NSCLC has not been not fully demonstrated, particularly 
in the field of targeted therapy and immune therapy. MCT 
demonstrated promise in the treatment of NSCLC; however, 
the current data cannot truly verify its superiority to conven‑
tional chemotherapy. Nonetheless, due to lower toxicity, 
higher tolerability and relatively acceptable efficacy of MCT 
compared with supportive care, further investigation of MCT 
in NSCLC is required as MCT may be an optimal option 
in further line treatments for patients who cannot tolerate 
conventional chemotherapy, even in front‑line settings. 

MCT was originally developed to overcome drug resistance 
by shifting the therapeutic target from tumor cells to the tumor 
vasculature. The therapy can be personalized as it has been 
combined with targeted drugs and immune checkpoint inhibi‑
tors (90). Notably, ‘personalization’ should be emphasized as 
precision medicine takes into account the personal, familial 
and economic aspects of patient care to provide customized 
treatment (70).

To the best of our knowledge, the current review is the first 
systematic review of MCT in NSCLC. Although MCT has 

Figure 2. Mechanism of metronomic chemotherapy. MCT, metronomic chemotherapy; TSP‑1, thrombospondin 1; CEPs, circulating endothelial progenitors; 
Tregs, regulatory T cells; MDSC, myeloid‑derived suppressor cells; DCs, dendritic cells; CSCs, cancer stem cells.
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been a focus of research in recent years, numerous aspects 
of MCT remain empirical or unresolved. Considering the 
reported data were extracted from relatively small phase II 
trials, further studies are required to investigate MCT, 
including the most suitable drugs, doses of each drug, reason‑
able frequency, duration and suitable patients. Furthermore, 
future head‑to‑head studies are required to determine which 
scheme is better. Biomarkers are needed to derive the optimal 
metronomic dosing of cytotoxic agents (91). Monitoring and 
evaluating the effect of MCT remains worthy of further 
investigation.
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