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ABSTRACT

Cancer is the leading cause of morbidity and mortality worldwide and is an important barrier to lengthening life 
expectancy in every country. Natural products are receiving increased attention from researchers globally and 
increasing numbers of natural products are approved for clinical studies involving cancer in recent years. To gain 
more insight into natural products that have undergone clinical trials for cancer treatment, a comprehensive search 
was conducted. The https://clinicaltrials.gov website was searched for relevant clinical trials and natural product 
information up to December 2022. The search terms included different types of cancers, such as colorectal, lung, 
breast, gynecologic, kidney, bladder, melanoma, pancreatic, hepatocellular, gastric and haematologic. Then, PubMed 
and Web of Science were searched for relevant articles up to February 2024. Hence, we listed existing clinical trials 
about natural products used in the treatment of cancers and discussed the preclinical and clinical studies of some 
promising natural products and their targets, indications, and underlying mechanisms of action. Our intent was 
to provide basic information to readers who are interested or majoring in natural products and obtain a deeper 
understanding of the progress and actions of natural product mechanisms of action.
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1. INTRODUCTION

Cancer is a major public health problem worldwide. 
According to an estimate from the World Health 
Organization (WHO) in 2019, cancer ranks as the first 
or second leading cause of death in many countries 
[1]. In the past few decades, significant advances have 
been made in the treatment of cancer, such as surgical 
resection, chemotherapy, radiotherapy, immunother-
apy, biotherapy, and molecular-targeted therapy [2]. 
However, current treatments are still not achieving the 
expected optimal outcomes. In recent years numerous 
natural products have been approved by the United 
States (US) Food and Drug Administration (FDA) for can-
cer treatment. Natural products refer to the compounds 
extracted and/or optimized from nature and have a 
wide range of sources, including plants, animals, marine 
organisms, and microorganisms. Natural products play 

an important role and have an irreplaceable status 
in drug development and design. Notably, there are 
> 10,000 species of Chinese materia medica with a one 
thousand year-long history of clinical use with a strong 
theoretical basis in Chinese Medicine. In the clinical set-
ting Chinese medicine is sometimes used to treat cancer 
with an unexpected good curative effect but the results 
are difficult to explain and repeat. As such, the identifi-
cation of the active ingredients in these Chinese mate-
rials not only contribute to the research and promotion 
of Chinese medicine but is also an important component 
of drug research in China. In contrast, natural products 
are an important source of dietary supplements and this 
industry is growing very rapidly, with annual sales now 
in the multi-billions of dollars [3]. In the US nearly one-
half of patients begin taking new dietary supplements 
when they are diagnosed with cancer [4]. Although 
these dietary supplements are marketed and used by 
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patients with cancer, dietary supplements have not been 
approved by the US FDA for preventing cancer, stopping 
cancer growth, or preventing cancer recurrence. Dietary 
supplements may help to improve health but may also 
be ineffective or risky. In the future the ongoing research 
involving natural products will facilitate the accumula-
tion of substantial evidence to support the use of dietary 
supplements. Indeed, in recent years many natural prod-
ucts have been extensively investigated to cure different 
types of cancer (Figure 1). However, few studies have 
systematically collated and analyzed clinical trial results 

with respect to the use of natural products for the treat-
ment of cancer. In this paper we comprehensively col-
lected and summarized existing clinical trial data about 
natural products used in the treatment of cancer and 
discussed the preclinical and clinical studies of some 
promising natural products, the targets, indications for 
use, and detailed mechanisms of action (Figure 2). This 
review is intended to provide basic information to read-
ers who are interested or majoring in natural products 
and obtain a deeper understanding of the progress and 
mechanisms of actions underlying natural products.

Figure 1  |  Schematic representation of the typical natural products in different types of cancers. This figure is created with 
BioRender.com.
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Figure 2  |  The chemical structure of typical natural products.
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2. COLORECTAL CANCER

Colorectal cancer (CRC) is the second most significant 
cause of cancer-related mortality worldwide [5, 6]. 
Currently, surgical resection, chemotherapy, and adju-
vant therapy are common treatment strategies for CRC. 
Nevertheless, side effects, such as cytotoxicity and resist-
ance, limit utilization of these treatment modalities. 
There is a clear need to develop new drugs and/or new 
therapeutic combinations for CRC patients. Table 1 lists 
the preclinical studies involving natural products and 
their derivatives in the context of CRC. Table 2 further 
clarifies the clinical trials involving natural products in 
different types of cancers.

2.1 Curcumin
Curcumin is a natural polyphenolic compound isolated 
from Curcuma longa L. Ginger plant has been widely 
used clinically in Chinese medicine for many years. In 
recent years, numerous studies have demonstrated the 
potential of curcumin to modulate the development and 
progression of several cancers, including CRC. A prospec-
tive, observational, single-group analysis showed that 
curcumin in combination with bevacizumab/folinic acid, 
fluorouracil (5-FU), and irinotecan (FOLFIRI)in patients 
with CRC had comparable long-term survival outcomes 
with acceptable toxicity outcomes (NCT02439385) [7]. 
Another double-group phase IIa trial showed that cur-
cumin combined with folinic acid, 5-FU, and oxaliplatin 
(FOLFOX)) chemotherapy exhibited a longer overall sur-
vival (OS) than the FOLFOX alone group (NCT01490996) 
[8]. However, in patients with colorectal adenomas 
undergoing surgery, the administration of a combi-
nation of curcumin and anthocyanin did not directly 
modulate inflammatory and metabolic biomarkers [9]. 
In CRC cell and animal studies, curcumin was shown 
to activate the ROS/KEAP1/NRF2/miR-34a/b/c cascade, 
thereby suppressing epithelial-mesenchymal transi-
tion (EMT) and metastasis, and inducing apoptosis and 
senescence [10]. The curcumin analog, DMC-BH, has also 
shown promising anti-tumor effects via inactivation of 
the PI3K/AKT/mTOR signaling pathway [11]. The syner-
gistic anti-tumor effects of curcumin have also attracted 
much attention. For example, curcumin enhanced the 
therapeutic efficacy of radiotherapy and augmented 
the radiotherapy-induced abscopal effect in mice with 
CRC by acting as an immunomodulator [12]. Similarly, 
the combination of curcumin and luteolin synergisti-
cally inhibited colon cancer by reducing the Notch1 
and TGF-β signaling pathways [13]. Remarkably, a low 
concentration of curcumin potentiated the anti-can-
cer effect of 5-FU against CRC, which inhibited p-ERK, 
STAT1, and L1 expression [14]. Curcuminoid WZ26 aug-
ments the anti-cancer effect of cisplatin by regulating 
the TrxR1/ROS/JNK pathway [15]. These results further 
indicated that curcumin is a promising compound for 
the treatment of CRC. However, the use of curcumin 
in the pharmaceutical field has been hindered due to 

its bioavailability and stability. Therefore, it is essential 
to explore better curcumin derivatives or new dosage 
forms.

2.2 Resveratrol
Resveratrol is a non-flavonoid polyphenol that is widely 
distributed in the leaves and skins of grapes. Resveratrol 
has been marketed as a dietary supplement and com-
monly used to treat high cholesterol, cancer, and 
heart disease but there is no substantial scientific evi-
dence to support these application. Of importance, the 
mechanism underlying the resveratrol effect in cancer 
prevention and management has garnered increasing 
attention [16]. Brockmueller et  al. [17] verified that 
higher resveratrol concentrations in vitro boosts CRC 
cell apoptosis by mediating a negative regulatory loop 
between p53 and Sirt-1. To overcome the low bioavaila-
bility of resveratrol, researchers have conducted related 
studies on resveratrol analogues. For example, resver-
atrol derivatives (CS and DMU-281) exert a marked 
anti-cancer activity on CRC cells, effectively inducing 
apoptosis and cell cycle arrest [18, 19]. Similarly, the 
3-β-D-glucoside of trans-resveratrol exerts anti-prolif-
erative and pro-apoptotic effects on CRC cells by regu-
lating modulation of the tumor microenvironment [20]. 
Additionally, Lin et  al. [21] reported that oxyresvera-
trol inhibits CRC cell migration by regulating EMT and 
microRNA (miRNAs). Resveratrol also has an important 
role in overcoming drug resistance in CRC. For exam-
ple, resveratrol increases the chemosensitivity of CRC 
cells to 5-FU by targeting the β1-integrin/HIF-1α axis 
[22]. Moreover, resveratrol inhibits drug-related met-
abolic enzyme (CYP3A4 and glutathione-S-transferase 
[GST]) activity [23]. Previously, we reported that PD-1/
PD-L1 interaction blockade is an effective cancer immu-
notherapy [24-27] but the response rate of patients to 
anti-PD-1/PD-L1 immunotherapy may be affected by 
PD-L1 expression. Thus, identifying drugs that modu-
late PD-L1 expression is warranted. Notably, Lucas et al. 
[28] showed that resveratrol plus piceatannol upregu-
lated the expression of PD-L1 in CRC cells. These results 
indicated that resveratrol may be a potential compound 
in cancer immunotherapy that may expand indications 
and enhance the efficiency of cancer vaccines.

2.3 Quercetin
Quercetin is a natural flavonoid molecule frequently 
found in fruits and vegetables (e.g., onions). Quercetin 
is also marketed as a dietary supplement used for heart 
and blood vessels, cancer, arthritis, bladder infections 
and diabetes but there is a lack of scientific evidence to 
support most of these uses. A randomized clinical trial 
is underway to assess the efficacy of sulindac, curcumin, 
rutin, and quercetin in preventing colon cancer but 
the results have not been announced (NCT00003365). 
Mechanistic studies showed that quercetin inhibits the 
migration and invasion of colon cancer cells by regu-
lating the JNK signaling pathway [29]. Fosso et al. [30] 
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further found that quercetin exhibits anti-proliferative 
and pro-apoptotic effects by counteracting the Sp1-
miR-27a axis in CRC cells. It is known that 1,2-dimethyl 
hydrazine (DMH) is a cogent environmental toxicant. 
In a DMH-exposed colon cancer rat model, quercetin 
was shown to ameliorate ROS formation, inflamma-
tion, and hyperproliferation by targeting the adenoma-
tous polyposis coli (APC) and β-catenin pathways [31]. 
This finding is consistent with the results from Benito 
et al. [32], who demonstrated that micro-encapsulated 
probiotics in combination with quercetin inhibit the 
development of CRC in APCMin/+ mice by inhibition of 
the Wnt/β-catenin signaling pathway. Similarly, recent 
studies have reported that bisphenol A (BPA) may have 
toxic effects on the body and colon. Quercetin and its 
fermented extract exhibited excellent inhibitory effect 
on the viability of BPA-exposed HT29 colon cancer cells 
[33]. Additionally, quercetin enhanced the chemothera-
peutic impact of oxaliplatin in HCT116 cells by increas-
ing intracellular ROS through its suppressive action on 
glutathione levels [34]. Moreover, amalgamation of 
quercetin with anastrozole and capecitabine induce 
activation of caspase 3 expression in vitro [35]. These 
results indicate that quercetin is a promising chemother-
apeutic intervention in the treatment of CRC.

2.4 Rutin
Rutin, which is extracted from Hedyotis diffusa Wild, 
has also been a focus of CRC treatment. Nafees et al. 
[36] showed that rutin in combination with silibinin pro-
duces synergistic anti-cancer effects on HT29 CRC cells by 
regulating expression of apoptosis, inflammation, and 
MAPK pathway proteins. Recently, a new colonic deliv-
ery method for rutin was studied by formulating rutin 
into frankincense-based compression-coated tablets 
and showed that the anti-cancer effect was improved 
[37]. Interestingly, network pharmacology and analysis 
of gene biological information showed that the poten-
tial intracellular signaling pathways of rutin in human 
SW480 cells may be associated with miRNAs-long non-
coding RNAs (lncRNAs)-messenger RNAs-transcription 
factors [38]. Further research is required to validate the 
anti-cancer effect of rutin on CRC in vivo.

2.5 Genistein
Genistein, a polyphenolic isoflavone compound, is 
abundantly present in soy or soy-based products. People 
residing in Asian countries usually have a high intake of 
genistein in the daily diet because many traditional foods 
are made from soybeans [39]. Recently, the anti-cancer 
activity of genistein has undergone extensive research. 
A phase I/II pilot study showed that genistein in com-
bination with FOLFOX or FOLFOX–bevacizumab is safe 
and well-tolerated [40]. Moreover, genistein in combi-
nation with FOLFOX or FOLFOX–bevacizumab enhanced 
response rates and progression-free survival (PFS) in 
the treatment of metastatic CRC (NCT01985763) [40]. 
Another nested case-control study determined that high C
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plasma levels of isoflavones (genistein and daidzein) are 
associated with a decreased risk of CRC [41]. Alorda-
Clara et al. [39] demonstrated that high concentrations 
of genistein decrease cell viability depending on the 
regulation of oxidative stress and inflammation in colon 
cancer cells. Network pharmacology and bioinformatics 
analyses further uncovered the molecular mechanisms 
underlying genistein against CRC [42]. The potential 
drug targets associated with autophagy, including epi-
dermal growth factor receptor (EGFR) and estrogen 
receptor (ER) [42]. Hence, genistein is a promising nat-
ural compound that may become a drug and supple-
ment in cancer treatment. While some researchers have 
studied the anti-cancer activity of genistein, the precise 
mechanism by which genistein might prevent cancer has 
not been established.

2.6 Cannabidiol
Cannabidiol (CBD), which is isolated from the Cannabis 
sativa L., has been approved as a drug in the US and 
is utilized for controlling seizures among patients with 
Lennox-Gastaut syndrome. Cin recent years several clin-
ical trials have attempted to determine whether CBD 
provides benefits to patients with CRC and breast can-
cer (BC) in recent years (NCT03607643; NCT04398446; 
NCT04482244; NCT05016349; NCT04754399). Single-cell 
analyses revealed that CBD inhibits alternative activation 
of macrophages and shifts metabolic processes by inhib-
iting the PI3K-AKT pathway, which rewires the tumor 
microenvironment and restores the intrinsic anti-tumor 
properties of macrophages. Accordingly, CBD enhances 
the response of anti-PD-1 immunotherapy to CRC in 
vivo [43]. Cannabidiol was shown to induce apoptosis 
and autophagy in vitro by activating the JNK/p38/ERK 
MAPK pathway [44]. Further research revealed that 
CBD-induced ROS production is dependent on the p53 
pathway. An Hsp70 inhibitor was shown to contribute 
to shifting CBD-induced autophagy toward apoptosis, 
which improved programmed tumor cell death in p53wt 
CRC cells [45]. Additionally, metallothionein family pro-
teins, as regulators of zinc, have an important role in 
facilitating the anti-cancer effects of CBD [46]. CBD-
induced cycle cell arrest and apoptosis are dependent 
on the activation of cannabinoid receptor type 2 (CB2) 
but not cannabinoid receptor type 1 (CB1) [47]. A corol-
lary study should determine the impact of CBD in combi-
nation with another chemotherapy agent in animal and 
clinical trials.

2.7 Epigallocatechin-3-gallate (EGGG)
Tea, as one of the most widely consumed beverages 
worldwide, is generally thought to have health bene-
fits. Most studies involving tea and cancer prevention 
have focused on green tea. EGCG is the most active and 
abundant catechins in green tea. The other catechins 
include epigallocatechin (EGC), epicatechin-3-gallate 
(ECG), and epicatechin. The catechins have the capac-
ity to scavenge free radicals, which may protect cells Ta
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from ROS-induced DNA damage [48]. At present the 
chemoprophylaxis effects of EGCG or green tea extract 
(GTE) in CRC patients are receiving attention in clini-
cal trials (NCT02891538; NCT01239095; NCT01360320; 
NCT02321969). One clinical trial reported that a GTE 
supplement decreased the number of relapsed adeno-
mas and exhibited a favorable outcome for the pre-
vention of colorectal adenomas (NCT02321969) [49]. 
Conversely, another randomized, placebo-controlled 
clinical trial reported that GTE is well-tolerated but no 
statistically significant difference was detected in the 
adenoma rate (NCT01360320) [50-52]. Additional mech-
anistic studies showed that EGCG was an activator of 
epithelial-specific E26 transformation-specific sequence 
(ETS) transcription factor-1 (ESE-1), and overexpression 
of ESE-1 suppressed tumor development and cell migra-
tion/invasion [53]. Another study reported that the ECG 
and EGCG dimers inhibit CRC cell invasion and metas-
tasis by downregulating MMP-2 and MMP-9 expression 
via a NOX1/EGFR-dependent mechanism [54]. Moreover, 
Iram et. al [51] demonstrated that EGCG suppressed CRC 
cell proliferation by targeting tetranectin. Interestingly, 
the activation of Yes associated protein (YAP) protein 
induced by EGCG may impede the anti-tumor effect of 
EGCG [55]. Although EGCG has been shown to inhibit 
CRC tumorigenesis in laboratory and animal studies, the 
results of human epidemiologic and clinical studies have 
been inconclusive.

2.8 Andrographolide
Andrographolide is a natural product from the tradi-
tional Chinese medicine, Andrographis paniculata. In 
the past several decades, researchers have focused on 
the potential role of andrographolide and its derivatives 
in inflammatory diseases and cancer treatment [56]. 
However, a phase II clinical trial investigating the effi-
cacy and safety of andrographolide plus capecitabine 
in CRC patients was terminated due to a low accrual 
rate (NCT01993472). Nevertheless, several researchers 
have synthesized a series of andrographolide deriva-
tives that exhibit favorable anti-cancer effects [57, 58]. 
Specifically, the andrographolide derivative, AGS-30, 
was shown to induce apoptosis in CRC cells by activat-
ing the ROS-dependent JNK signaling pathway [57]. 
Another study showed that AGS-30 suppresss tumor 
growth and angiogenesis by inhibiting AKT/mTOR and 
ERK-dependent pathways, as well as interrupting VEGF 
signaling [59]. Alternatively, a series of studies demon-
strated that andrographolide and melatonin had a syn-
ergistic effect on promoting the death of CRC cells by 
inducing endoplasmic reticulum stress and suppressing 
angiogenic activity [60]. Similarly, the combined action 
synergized to inhibit the colospheroid phenotype by 
targeting the Wnt/β-catenin signaling pathway [61]. 
We previously demonstrated andrographolide reversed 
5-FU resistance in human CRC by elevating BAX expres-
sion [62]. Moreover, andrographolide potentiated PD-1 
blockade immunotherapy by inhibiting COX2-mediated 

PGE2 release [63]. Overall, these findings indicate that 
andrographolide and its derivatives inhibit the devel-
opment of CRC in vivo and in vitro. A clinical trial of 
andrographolide derivatives merits further investiga-
tion. We look forward to more experiments to deter-
mine the role of andrographolide in regulating the 
immunologic microenvironment and immunosuppres-
sion in CRC [64]. Natural products have an important 
role in the treatment of CRC, of which quercetin, resver-
atrol, and CBD have been marketed as drugs and supple-
ments. Mechanistic studies have shown that quercetin, 
resveratrol, and CBD hinder the progression of CRC via 
multiple signaling pathways. Well-designed, rigorous 
clinical studies are needed to optimize dosage, formula-
tions, and the appropriate target population.

3. LUNG CANCER

Lung cancer is the most common cancer and the lead-
ing cause of cancer-related deaths worldwide [65]. Lung 
cancer is categorized as small cell lung cancer (SCLC) or 
non-small cell lung cancer (NSCLC) based on the main 
histotype, prognosis, and therapy. Although significant 
progress has been made in the diagnosis and treatment 
of lung cancer in recent years, the prognosis for patients 
remains unsatisfactory. Efforts are currently underway 
to examine natural products for treating the possibility 
of lung cancer, many of which have proceeded to clini-
cal trials (Table 3).

3.1 Sulforaphane
Sulforaphane (SFN) is a primary isothiocyanate (ITC) 
derived from cruciferous vegetables, especially broc-
coli and cauliflower [66]. SFN is metabolized into SFN-
N-acetyl-cysteine (SFN-NAC) and SFN-cysteine (SFN-Cys) 
in the blood. A mechanistic study showed that SFN-Cys 
inhibits NSCLC cell invasion by microtubule-mediated 
claudin dysfunction, while SFN-NAC inhibits inva-
sion by microtubule-mediated inhibition of autolys-
osome formation [67]. Similarly, SFN triggers NSCLC 
cell apoptosis by downregulating fatty acid synthase 
and inhibiting microtubule-mediated mitophagy [68, 
69]. SFN intervention suppresses tobacco smoke-in-
duced cancer stem cell (CSC)-like properties of human 
bronchial epithelial (HBE) cells via the IL-6/ΔNp63α/
Notch axis in vivo, [70]. The synergistic anti-tumor 
effects of SFN with other drugs have also attracted 
much attention. SFN in combination with the allyl, ITC, 
produces superior protective effects against carcino-
genesis [71]. SFN metabolites decrease the resistance 
of NSCLC cells to paclitaxel in usual doses by activat-
ing caspase 3-induced microtubule disruption [72]. A 
higher level of EGFR showed resistance to SFN induced 
ROS-mediated apoptosis [73]. These findings indicate 
that the antitumor effects of SFN and its metabolites 
involved in multiple targets and pathways. A future 
study may determine SFN function in the lung cancer 
immunologic microenvironment.
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3.2 Curcumin
Accumulating evidence has shown that curcumin 
has anti-cancer effects by inhibiting lung cancer cell 
growth and inducing apoptosis [74-78]. Xie et  al. [78] 
demonstrated that curcumin suppresses tobacco smoke-
induced EMT progress by increasing TAp63α expres-
sion and reducing miR-19 expression. Recently, a series 
of curcumin derivatives (EF24, EB30, and MS13) were 
synthesized by researchers and showed excellent anti-
cancer effects on lung cancer. The underlying mech-
anism includes suppression of the PI3K/AKT pathway, 
activation of ERK1/2, and accumulation of ROS [74-76]. 
Another curcumin analog (2c) has been designed that 
exhibits selective ROS generation compared to normal 
cells through the inhibition of intracellular TrxR, thereby 
mitigating side effects and improving the safety profile 
[77]. In addition, existing evidence indicates that cur-
cumin promotes apoptosis of chemoresistant lung can-
cer cells via ROS-regulated p38 MAPK phosporylation 
[79]. A triple combination (curcumin, thymoquinone, 
and 3, 3′-diindolylmethane) better attenuates lung and 
liver cancer progression compared to a double combi-
nation [80]. Moreover, diarylheptanoid 35d was shown 
to overcome EGFR tailored tyrosine kinase inhibitor 
(TKI) resistance in EGFR-mutant lung adenocarcinoma 
by inducing Hsp70-mediated lysosomal degradation of 
EGFR [81]. Similarly, Hsieh et  al. [82] further demon-
strated that the curcumin derivative, 35d, enhanced the 
sensitivity of osimertinib (a TKI inhibitor) to lung cancer 
cells by disrupting fatty acyl metabolism and inducing 
mitochondrial stress. These results from in vivo and in 
vitro experiments are encouraging and we anticipate 
publication of additional clinical outcomes involving 
curcumin and its analogues.

3.3 EGCG
Accumulating evidence reveals that EGCG has a strong 
protective effect against lung cancer. Several clinical 
studies showed that EGCG is a radioprotective agent, 
prevents radiation-induced esophagitis, and enhances 
objective response rate (ORR) but without signifi-
cantly prolonging PFS and OS in lung cancer patients 
[83, 84]. A number of in vitro and in vivo studies have 
confirmed that EGCG inhibits CSC-like properties and 
self-renewal ability of lung cancer [85-88]. Moreover, 
EGCG has been shown to inhibit lung cancer cell pro-
liferation and migration by suppressing EGFR signal-
ing [89-90]. Alternatively, Li et  al. [91] reported that 
EGCG alleviates obesity-exacerbated lung cancer pro-
gression. The underlying mechanism is associated with 
the STAT1/SLC7A11-mediated ferroptosis pathway and 
gut microbiota. EGCG also has a critical role in over-
coming drug resistance in tumors. According to Zhou 
et al. [92], EGCG circumvents drug-induced resistance 
in NSCLC by modulating glucose metabolism and the 
AMPK/AKT/MAPK axis. Overall, EGCG may be a poten-
tial anti-cancer agent. The potential research direc-
tion in the future may involve examining the role 

of EGCG in regulating the lung cancer immunologic 
microenvironment.

In addition, polyphenon E serves as a standardized, 
highly reproducible green tea polyphenol mixture con-
taining 60% EGCG. Polyphenon E is the recommended 
form of green tea for clinical chemoprevention trials and 
has entered multiple phase I/II lung cancer clinical stud-
ies (NCT00363805; NCT00707252). Currently, a limited 
number of studies have been conducted to determine 
the anti-cancer mechanism underlying polyphenon E in 
lung cancer. The components of green tea are complex 
and the study of single component EGCG or multiple 
components of polyphenol E are necessary, which are 
more conducive to understand the mechanism underly-
ing the green tea anti-cancer effect.

3.4 Chlorogenic acid
Chlorogenic acid (CGA) is a phenolic acid that is widely 
distributed in green coffee, apples, artichoke, and 
Lonicera japonica Thunb. Green coffee is used for obe-
sity, diabetes, high blood pressure, and high cholesterol 
but there remains a lack of good scientific evidence. 
Recently, a phase I/II study was conducted to investi-
gate the safety and efficacy of injected anCGA in the 
treatment of advanced lung cancer (NCT03751592). A 
mechanistic study verified that CGA inhibits binding 
of annexin A2 (ANXA2) to p50 and attenuates related 
anti-apoptotic genes, thereby suppressing the prolifer-
ation of A549 in vivo and vitro [93]. It is known that 
inducing cancer differentiation is a promising approach 
to treat cancer. Further studies demonstrated that CGA 
treatment prevents the development of lung cancer by 
inducing lung cancer differentiation [94]. Alternatively, 
orally administered dietary Ilex paraguariensis led to a 
dose-dependent brain accumulation of CGA and querce-
tin in mice with lung adenocarcinoma, in different neu-
roprotective effects occurred in the telencephalon and 
diencephalon [95]. These findings support plant-based 
strategies to improve prognosis in lung cancer.

3.5 Soy isoflavone and genistein
Soy isoflavone, a type of flavonoid, is classified as a 
plant estrogen extracted from soybeans, which consists 
of genistein, daidzein, and glycitein. Chei et al. [96, 97] 
conducted a pooled analysis of four cohort studies from 
Japan and China that revealed a significant association 
between higher intake of isoflavone and soy food and 
a reduced risk of lung cancer among individuals who 
have never smoked. These findings were consistent with 
several meta-analyses that concluded higher intake of 
soy and soy isoflavone are inversely associated with the 
risk of lung cancer incidence and mortality [98-100]. 
Moreover, genistein, as one of the predominant soy iso-
flavones, has also entered clinical trials (NCT01628471; 
NCT00769990; NCT00533949). A multicenter phase  
Ib/IIa clinical trial demonstrated that the radioprotect-
ant, BIO 300 oral suspension (synthetic genistein nano-
suspension), is an effective radioprotector for patients 
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with NSCLC receiving concurrent chemoradiotherapy. 
BIO 300 oral suspension exhibits low toxicity rates, along 
with the pharmacodynamic results and high tumor 
response rates [101]. Additionally, Yu et al. [102] found 
that genistein induced apoptosis and repressed NSCLC 
progression by inhibiting circ_0031250/miR-873-5p/
FOXM1axis. Chan et  al. [103] found that genistein 
induced mitochondrial apoptosis and FOXO3a/PUMA 
expression in NSCLC cells. Interestingly, genistein and 
procyanidin B2 alleviate carcinogen-induced ROS and 
DNA damage by activating NRF2/ARE signaling in nor-
mal bronchial epithelial cells, which provided a research 
basis for cancer prevention through dietary modifica-
tions [104]. Hence, soy is considered to be a healthy diet 
component, but soy isoflavone and genistein as dietary 
supplements need additional supportive clinical data.

3.6 Gossypol
Gossypol is a natural polyphenolic compound extracted 
from cotton seeds, roots, and stems [105]. Use of gossy-
pol acetate, as a gynecologic medicine, was discontin-
ued owing to serious side effects but gossypol acetate 
is currently receiving attention again. Recently, a rand-
omized, double-blind, placebo-controlled study showed 
that gossypol in combination with docetaxel and cis-
platin was well-tolerated and had a better median PFS 
and OS than the control group. Because there were no 
significant differences between the gossypol, docetaxel, 
and cisplatin group and the control group, future stud-
ies with larger sample sizes should be conducted [106]. 
In the past few years gossypol has made significant pro-
gress in improving chemoradiotherapeutic sensitivity. 
For example, gossypol acetate was shown to enhance 
the sensitivity of CDK4/6 inhibitors (cancer therapeutic 
drugs) by inhibiting the LRPPRC-CDK6 loop in lung can-
cer cells. Gossypol acetate is considered to be a degrader 
of LRPPRC [107]. Gossypol can also enhance the cyto-
toxic effect of sorafenib in lung cancer by promoting 
autophagy and apoptosis [108]. In addition, gossypol 
overcomes TKI resistance in EGFR L858R/T790 mutation 
NSCLC cells by inhibiting YAP/TAZ and EGFR [109]. These 
findings suggest that gossypol is a potential natural 
product for the clinical management of lung cancer.

3.7 Mistletoe
European mistletoe (Santalaceae: Viscum album L.), 
commonly known as mistletoe, is frequently prescribed 
as an unconventional cancer therapy in central Europe 
[110]. Mistletoe is a universal name for various species 
of semi-parasitic plants which grow on host trees, such 
as apple, elm, oak, and pine [111]. A real-world data 
questionnaire-based study assessed the poor quality 
of life for lung cancer at first diagnosis and 12 months 
later. The results showed that add-on Viscum album L. 
therapy improved poor quality of life in lung cancer 
patients, especially when paired with radiation ther-
apy. Specifically, the occurrence of pain, nausea, and 
vomiting decreased remarkably [112]. This finding is in 

agreement with Lee et al. [111] who showed that Viscum 
album extract is an effective and tolerable procedure 
for controlling malignant pleural effusions (MPEs) in 
lung cancer patients. Of note, another real-world obser-
vational multicenter analysis demonstrated that Viscum 
album L. in combination with chemotherapy signifi-
cantly enhanced OS for stage IV NSCLC patients [113]. 
It was further shown that mistletoe lectin inhibits the 
growth of Myc-amplified SCLC [114]. Although mistle-
toe has entered clinical trials for the treatment of lung 
cancer patients, the anti-lung cancer mechanism is still 
unclear and more preclinical trials are needed to bet-
ter define the tumor microenvironment. In conclusion, 
natural products with the unique advantages of mul-
ti-ingredient, multi-target, multi-pathway therapy have 
been widely investigated in lung cancer. In the absence 
of clinically ideal drugs for the prevention and treat-
ment of lung cancer, it is a potential direction to explore 
natural products to prevent or delay the process of lung 
cancer, and dietary supplements are a good adjuvant 
treatment.

4. BREAST CANCER

BC is the most common cancer among women with a 
high incidence and prevalence. The four subtypes of 
BC are widely recognized: luminal A; luminal B; human 
epidermal growth factor (HER2)-positive; and triple 
negative [115]. Although treatment options have rap-
idly developed in recent years, relapse and metasta-
sis remain the main causes of BC death. The advances 
in natural products, particularly in the field of cancer 
therapy, provide a promising research direction for the 
treatment of BC (Table 4).

4.1 Sulforaphane
In recent years the anti-BC effects of SFN have been 
widely investigated in preclinical and clinical trials [116, 
117]. A clinical trial showed that dietary cruciferous 
vegetable intake (SFN supplement) is inversely associ-
ated with Ki-67 protein (a biomarker of cell prolifera-
tion) expression among women scheduled for breast 
biopsies. This finding indicated that SFN supplements 
from cruciferous vegetables have potent anti-BC activ-
ity (NCT00843167) [118]. Similarly, another randomized 
pilot intervention study found that ITC-rich broccoli 
sprout extract supplement has high compliance (100%) 
and low toxicity (no grade 4 adverse event) rates in BC 
patients. Large differences in biomarker expression of 
NQO1, ER-α, ER-β, and cleaved caspase 3 were observed 
but the differences were not statistically significant due 
to small sample sizes (NCT01753908) [119]. A mechanis-
tic study demonstrated that SFN influences metabolism 
and methylation, alters the diversity of gut microbiota, 
and indirectly affects the activation of aryl hydrocar-
bon receptor (AHR) by tryptophan metabolism, thereby 
inhibiting the progression of BC [120]. Moreover, SFN 
suppresses TGF-β1-induced migration and invasion by 
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inhibiting the RAF/MEK/ERK pathway in BC cells [121]. 
Alternatively, the adjuvant administration of SFN 
enhances the therapeutic effects of doxorubicin against 
BC. This finding might be explained by blocking mye-
loid-derived suppressor cell (MDSC) accumulation and 
suppressive activities, increasing in cytotoxic CD8+ T 
cells [122]. Strikingly, Li et al. [123] verified that pater-
nal exposure to combined SFN and EGCG synergistically 
increases tumor latency and prevents the growth of ER(-) 
BC in control-fed female offspring. These results indi-
cated that SFN shows great promise as a cancer-fighting 
treatment in BC. Although SFN is not currently being 
marketed as a dietary supplement, SFN remains a prom-
ising natural product, the bioavailability and stability of 
which need further optimization.

4.2 Curcumin
Several recent studies have reported that curcumin is used 
for the treatment of BC [124, 125]. For example, a rand-
omized, placebo-controlled clinical study reported that 
outcomes in BC patients treated with curcumin in combi-
nation with paclitaxel was superior to paclitaxel-placebo, 
exhibiting a higher ORR, improved physical performance, 
and reduced fatigue following a 12-week treatment 
period [126]. Additionally, curcumin was shown to reduce 
radiation-induced dermatitis (RID) in BC patients com-
pared to placebo-treated groups, although this result 
has not been published (NCT01042938). Extensive in vitro 
and animal experiments have verified that curcumin and 
its analogs exhibit inhibitory effects on the proliferation, 
migration, and invasion of BC cells. These actions involve 
various molecular targets, including the lncRNA HCG11/
Sp1 axis, hedgehog/Gli1 signaling pathway, and TGF-β 
signaling inhibition [127-129]. Furthermore, Jang et  al. 
[130] reported that curcumin remodels the microenvi-
ronment of BC by interrupting a positive feedback loop 
between adipose-derived mesenchymal stem and can-
cer cells. This finding reflected inhibition of the CXCL12/
CXCR4 axis [130]. The curcumin analog, PAC, was shown 
to inhibit BC by modulating DNA repair pathway gene 
expression [131]. Of note, a series of studies have demon-
strated that curcumin has a pivotal role in augmenting 
the therapeutic efficiency of chemotherapy drugs in 
BC [132-134]. Additional high-throughput assays were 
performed to investigate the potential of MAPKAK3, 
p-AKT3, CDK5, IGF1R, and MAPK11 as prognostic mark-
ers and therapeutic targets for curcumin in treating BC 
patients [135]. Validation of these findings is necessary 
both in vitro and in vivo.

4.3 EGCG
A growing body of research has underscored the pro-
spective role of EGCG or GTE, particularly genistein, 
in reducing the risk of BC. For example, a clinical trial 
has shown that supplementation with GTE (containing 
64% EGCG) among healthy postmenopausal women 
did not exhibit significant effects on reduction of mam-
mographic density (MD). However, supplementation C
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with GTE did result in an elevation of circulating estra-
diol concentrations. Notably, a reduction in percent MD 
was observed among younger women [50-55 years of 
age] (NCT00917735) [136, 137]. Another double-blind, 
placebo-controlled, phase II randomized clinical trial 
revealed that topical EGCG solution is safe for external 
use on the skin and reduces the occurrence of RID com-
pared to placebo groups (NCT02580279) [138]. Hence, 
GTE or EGCG may have a complex influence on the 
progression of BC, which requires more preclinical and 
clinical evidence. Some researchers have confirmed that 
EGCG exhibits suppressive effects on tumor growth in BC 
through diverse mechanisms. This effect encompasses 
attenuating MDSCs-mediated immunosuppression, 
halting the acquisition of cancer-associated adipocyte 
(CAA)-like phenotype, or inhibiting the expression 
of proline dehydrogenase [139-141]. Both green tea 
extract and EGCG inhibit BC cell migration [142, 143]. 
Guo et  al. [144] reported that EGCG effectively main-
tains YAP1 within the cytoplasm, enabling assembly of 
the ESCRT-III complex and ultimately stimulating auto-
phagic apoptosis in BC cells. Alternatively, polyethylene 
glycol-doxorubicin/EGCG/folic acid inhibits the expres-
sion of P-glycoprotein (P-gp) and reverses the multid-
rug resistance (MDR) of BC cells, thereby enhancing 
therapeutic efficacy of doxorubicin [145]. Remarkably, 
paternal consumption of combined botanicals (SFN or 
EGCG-rich) contribute to the prevention of ER-negative 
mammary cancer in transgenic mice [123]. Therefore, 
natural products as beneficial dietary components may 
facilitate cancer prevention.

4.4 Genistein
Recently, a phase I clinical trial reported that soy isofla-
vone, at a dose of 900 mg/day, is safe and well-tolerated 
among healthy postmenopausal women(NCT00099008) 
[146]. However, another intervention study concluded 
that a 12-month soy supplement did not exert a statisti-
cally significant impact on breast MRI fibroglandular tis-
sue density or MD (NCT00290758; NCT01219075) [147]. 
Notably, the lifetime exposure to dietary genistein, start-
ing at conception, decreases the risk of BC risk in mice by 
modulating epigenetic mechanisms [148]. Genistein was 
shown to enhance the anti-cancer properties of exemes-
tane in vitro [149]. Paradoxically, long-term low-level 
genistein results in endocrine resistance in BC cells by 
suppressing H3K27 trimethylation, thus posing poten-
tial health risks [150]. Although genistein had high 
potential for use in the treatment of skin problems dur-
ing and after BC treatment, genistein is not completely 
safe. High concentrations of genistein (≥50 μM) destroys 
MCF7 BC cells but is harmful to dermal skin fibroblasts at 
longer exposure times (48 h) [151]. These results indicate 
that genistein, as a partial agonist of ER-α, might be 
beneficial to tumor prevention under certain conditions 
but it may possess potential risks to BC patients in other 
cases, which may vary depending on the concentration, 
concurrent therapies, and BC subtype.

4.5 Cannabidiol
There have been several isolated reports on the 
anti-cancer function of CBD through distinct mecha-
nisms. For example, Jo et  al. [152] demonstrated that 
CBD inhibits angiogenesis and CSC properties of BC 
cells by regulating Src/VHL/HIF-1α signaling. Surapaneni 
et al. [153] discovered that CBD induces apoptosis, cell 
cycle G1 arrest, migration suppression, and doxorubicin 
sensitivity enhancement. The main mechanism of action 
for CBD involves activation of GADD45α/p38/p53, down-
regulation of integrin-α5, -β5, and -β1, and inhibition 
of autophagy [153]. A series of studies have highlighted 
the promising synergistic effects of combining CBD with 
exemestane, rimonabant, or photodynamic therapy in 
vitro in improving the treatment of BC. These findings 
endorse the therapeutic potential of CBD for cancer 
treatment [154-156]. Furthermore, CBD has been shown 
to effectively block in vivo development of BC [157]. 
Interestingly, D’Aloia et al. [158] found that the effect 
of CBD on cultured BC cells depended on a specific 
threshold concentration. At doses above this threshold, 
CBD exhibits a potent cytotoxic effect, ultimately induc-
ing the bubbling cell death [158]. CBD not only exhibits 
anti-cancer effects on BC but may also improve chemo-
therapy-mediated complications and decrease drug 
resistance. We expect more clinical evidence to support 
the application of CBD in BC patients.

4.6 Tocotrienol
Vitamin E, a liposoluble micronutrient, is categorized 
into subgroups of tocopherols and tocotrienols, each 
containing four isoforms: α; β; γ; and δ. In general, tocot-
rienols are abundant in palm oil, rice bran, oats, wheat 
germ, barley, and rye, whereas tocopherols are mainly 
present in vegetable oils, such as corn, olive, and sun-
flower oils [159]. At present, the safety and effective-
ness of tocotrienols in the treatment of BC are being 
evaluated in clinical trials (NCT04496492; NCT03855423). 
Regrettably, a recent clinical trial concluded that δ-to-
cotrienol does not improve the effectiveness of neoadju-
vant BC treatment or mitigate the incidence of adverse 
effects (NCT02909751) [160]. This finding is consistent 
with the results from Nesaretnam et  al. [161], who 
demonstrated that adjuvant tocotrienol therapy does 
not have an impact on BC-specific survival in women 
with early BC (NCT01157026). It is important to note 
that accruing evidence suggest the anti-cancer proper-
ties of tocotrienols in vitro. For example, based on label-
free quantitative proteomics analysis, γ-tocotrienol is 
thought to be a potential proteasome inhibitor, the 
inhibitory action of which contributes to the induction 
of apoptosis [162]. In addition, γ-tocotrienol reverses 
MDR in doxorubicin-resistant BC cells by regulating the 
NF-κB-P-gp axis [163]. Moreover, omega 3-docosahexae-
noic acid (DHA) together with δ-tocotrienol decreases 
lipid droplet biogenesis and potentiates lipophagy 
lipid droplets, possibly exerting a beneficial effect on 
inhibiting BC malignancy [164]. Conversely, spirulina 
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(Arthrospira) platensis plus γ-tocotrienol does not show 
any synergistic anti-cancer effects in vivo. Compared 
to combination groups, the γ-tocotrienol alone group 
induced more necrotic cells based on histopathologic 
analysis [165]. Interestingly, Idriss et  al. [159] reported 
that β-tocotrienol exhibits more cytotoxic effects than 
γ-tocotrienol on BC cells and β-tocotrienol induces apop-
tosis via a P53-independent PI3K dependent pathway. 
These preclinical investigations suggest that tocot-
rienol may be a promising anti-cancer agent for BC. 
Furthermore, the four isoforms of tocotrienols may 
have distinct roles in the treatment of cancer. Future 
research, including additional animal studies and larger 
clinical trials, is necessary to fully evaluate the therapeu-
tic potential of tocotrienols in BC.

4.7 Artesunate
Artesunate is a semi-synthetic derivative of the Chinese 
herb, Artemisia annua L., that has an excellent safety 
profile in the treatment of malaria [166]. A recent 
phase I study demonstrated that chronic oral intake 
of artesunate (up to 200 mg/day [2.2-3.9 mg/kg/day]) 
over a period of 37 months did not elicit any signifi-
cant safety concerns among patients with metastatic 
BC (NCT00764036) [167]. Another clinical case reported 
that in a patient with metastatic BC oral artesunate 
maintained disease stabilization for a duration of 1.5 
years. Biomarker profiling revealed that carcinoembry-
onic antigen may be a potential target of artesunate 
[168]. A mechanistic study demonstrated that artesu-
nate and dihydroartemisinin suppresses TGF-β signaling, 
subsequently inactivating cancer-associated fibroblasts, 
leading to inhibition of cancer growth and metastasis 
[169]. Other research showed that artesunate exhibits 
synergistic interactions with doxorubicin or TP-0903, a 
mesenchymal-epithelial transition and receptor tyrosine 
kinase inhibitor, and enhances the cytotoxic effect on BC 
cells [170, 171]. Recent evidence suggests a connection 
between enhanced lysosomal function and paclitaxel 
resistance in cancer cells. This resistance can be over-
come with artesunate or other inhibitors of lysosomal 
function [172]. Simultaneously, artesunate was shown 
to effectively mitigate the proliferation of mammary 
hyperplasia by suppressing the NF-κB and AKT signal-
ing pathways in a rat model of mammary hyperplasia 
[173]. Hence, artesunate is a potential natural product 
or dietary supplement. The effectiveness of artesunate 
in preventing BC needs to be supported by additional 
clinical data.

4.8 Mistletoe
Mistletoe, as a complementary and alternative medicine, 
has become increasingly popular among cancer patients 
[174-176]. Accumulating evidence indicates that mistle-
toe may have a positive impact on the quality of life 
among patients with BC, such as improving fatigue, 
insomnia, and physical function [177, 178]. Moreover, a 

real-world data study demonstrated that add-on Viscum 
album L. did not negatively impact the safety profile of 
targeted therapies in breast and gynecologic cancer 
patients [179]. Similarly, other clinical trials revealed 
that mistletoe is safe and decreases chemotherapy side 
effects but does not influence the frequency of relapse 
and metastasis within 5 years [180]. Cellular and ani-
mal experiments have demonstrated that mistletoe 
induces apoptosis and inhibits metastasis by targeting 
the STAT3-FOXM1 pathway in BC [181]. Mistletoe exerts 
distinct effects on BC cells and macrophages, influenc-
ing cell viability, ROS generation, cell cycle arrest, and 
inflammation, all of which are modulated by changing 
in fever-range hyperthermia [182]. Although clinical tri-
als have been conducted to investigate the potential of 
mistletoe in mitigating the side effects and enhancing 
anti-cancer effects, only a few numbers of animal stud-
ies have delved into the underlying molecular targets 
and mechanisms of its actions.

5. GYNECOLOGIC TUMOR

Gynecologic tumors are common tumors in women, 
affecting the health of women worldwide. Cervical, 
ovarian, and endometrial cancer (EC) are common gyne-
cologic tumors. In recent years, natural products used in 
the treatment of gynecologic tumors have also received 
attention (Table 5).

5.1 Cervical cancer
5.1.1 Curcumin.  Recently, several clinical trials have 
commenced to assess the safety and effectiveness of cur-
cumin in the treatment of cervical cancer, as well as its 
potential as a complementary medicine in conjunction 
with standard therapy (NCT02554344; NCT04294836). 
For example, a phase II study showed that the combina-
tion of pembrolizumab, stereotactic body radiotherapy, 
and low-dose cyclophosphamide, aspirin, lansoprazole, 
vitamin D, and curcumin (IDC) did not meet expected 
clinical activity in cervical and EC patients but some 
difficult-to-treat patients may have derived benefit 
from this therapeutic regimen, with durable responses 
(NCT03192059) [183]. Mechanistic studies found that 
curcumin exhibits a cytotoxic effect on cervical cancer 
cells in vitro through activation of p53 and p21 signal-
ing [184, 185]. Similarly, in papillomavirus (HPV)-positive 
cervical cancer cells, curcumin suppresses proliferation 
and migration by directly targeting the viral oncopro-
tein E6 protein, subsequently activating p53 and p21 
[186]. Interestingly, Lee et al. [187] discovered that the 
curcumin derivative, CLEFMA, triggers intrinsic and 
extrinsic apoptotic pathways by activating ERK1/2 and 
p38 signaling [187]. Conversely, EF24 suppresses cellular 
migration and MMP-9 expression by inhibiting p38 sign-
aling [188]. While curcumin shows excellent anti-cancer 
effects based on preclinical evidence, more scientific evi-
dence is required to determine whether curcumin can 
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be used as a dietary supplement for the prevention or 
treatment of cervical cancer.

5.1.2 Other natural products.  Bryostatin1 is a puta-
tive anti-cancer compound derived from marine ani-
mals [189]. However, current clinical trials have not 
met expectations [190]. Nezhat et  al. [191] reported 
that bryostatin-1 and cisplatin combination therapy is 
not effective in metastatic or recurrent cervical cancer 
patients (NCT00005965). Likewise, the clinical evalua-
tion of polyphenol E was also disappointing. According 
to Garcia [192], the administration of polyphenol E did 
not promote the clearance of persistent high-risk HPV 
infection and low-grade cervical intraepithelial neopla-
sia among women, compared to the placebo groups 
(NCT00303823). Therefore, the underlying mechanisms 
of these natural products is seldom mentioned in recent 
studies.

5.2 Ovarian Cancer
5.2.1 Flaxseed.  Flaxseed, isolated from Linum usitatissi-
mum L., is composed of total fat (polyunsaturated, mon-
ounsaturated, and saturated fatty acids), carbohydrate 
(total dietary fiber and sugars), protein, water, minerals, 
vitamins, and lignans. In the laying hen a whole flaxseed 
supplemented diet decreased the onset and severity of 
spontaneous ovarian cancer. This flaxseed-enriched diet 
stimulated the systemic production of 2-methoxyestra-
diol (2MeOE 2) and DHA, thereby promoting apoptosis 
and decreasing angiogenesis in ovarian tumors but not 
in normal ovarian tissues [193, 194]. Another LC-MS/MS 
metabolomics approach also demonstrated that flax-
seed increased animal lifespan and reduced ovarian 
cancer severity [195]. These findings indicate that flax-
seed may be a healthy dietary habit to weaken ovarian 
cancer severity.

5.2.2 Other natural products.  Although bryostatin-1 
and squalamine have been investigated in clinical tri-
als of ovarian cancer, these clinical trial results have 
not been published. Moreover, current clinical trials are 
experiencing disappointment. For example, Morgan 
et  al. [196] observed that bryostatin-1 in combination 
with cisplatin treatment of patients with recurrent or 
persistent ovarian cancer had a modest response rate, 
but toxicities were insufferable and precluded tolera-
bility. Consequently, these two natural products have 
rarely been mentioned in recent clinical and animal 
research pertaining to ovarian cancer.

5.3 Endometrial Cancer
5.3.1 Curcumin.  Recently, clinical investigations have 
been conducted on the potential therapeutic effect 
of curcumin for EC. Specifically, seven EC patients who 
consumed curcumin orally for 2 weeks exhibited minor 
immunomodulatory effects without a significant trend 
in quality of life improvement (NCT02017353) [197]. 
Curcumin was shown to inhibit cellular migration in vivo 

by inducing Slit-2 mediated downregulation of SDF-1 
and CXCR4 [198]. Further research demonstrated that 
the curcumin analogue, CP41, induced apoptosis by acti-
vating the H3F3A/proteasome-MAPK signaling pathway 
and augmenting oxidative stress. Additionally, CP41 
enhanced the sensitivity of EC to chemotherapeutic 
agents through mediation of H3F3A [199]. These find-
ings suggest that curcumin holds considerable promise 
as a natural therapeutic agent for the treatment of EC.

5.3.2 Genistein.  Previous research has revealed that 
soy isoflavone containing genistein, daidzein, and gly-
citein is safe and well-tolerated in healthy postmeno-
pausal women. However, limited endometrial biopsy 
samples have prevented the trial from evaluating the 
effectiveness of isoflavone in preventing EC in this 
group (NCT00099008) [146]. Another multiethnic cohort 
study demonstrated that the highest intake of total iso-
flavones, daidzein, or genistein was associated with a 
decreased risk of EC in non-hysterectomized postmen-
opausal women [200]. Currently, there is a scarcity of 
prospective studies on overall or individual isoflavones, 
particularly genistein. Furthermore, immunohistochem-
istry analysis found that elevated progesterone receptor 
(PR) expression significantly increased rates of progres-
sion-free and OS among 31 young EC patients. Genistein 
was shown to increase long-time PR expression in vivo 
and inhibit cell proliferation in an ER-independent man-
ner [201]. Although genistein has been assessed in dif-
ferent clinical trials, the precise mechanism by which 
genistein might help prevent EC has not been estab-
lished. Additional laboratory and animal studies are 
clearly needed.

5.3.3 Pterostilbene.  Pterostilbene, a resveratrol analog, 
is extracted mainly from blueberries and grapes. Existing 
evidence indicates that pterostilbene-mediated endo-
metriotic cell apoptosis modulation has been confirmed 
to be more potent than resveratrol [202]. Of note, a clin-
ical trial is presently underway to assess the effective-
ness of megestrol acetate with or without pterostilbene 
in the treatment of patients with EC undergoing hyster-
ectomy (NCT03671811). Furthermore, Wang et al. [203] 
concluded that EC patients with high miR-663b expres-
sion have a significantly poor prognosis. An in vitro 
study revealed that pterostilbene effectively suppresses 
cell viability and induces apoptosis via the miR-663b/
BCL2L14 signaling pathway [203]. As a result, pterostil-
bene holds promising potential in the treatment of EC 
but further clinical and animal studies are imperative to 
validate the therapeutic effectiveness.

In conclusion, there are relatively few clinical stud-
ies on natural products for use in gynecologic tumors. 
Notably, Chinese medicine treats some chronic gyne-
cologic diseases with good curative effect, employing 
theories that include preventive measures, the reinforce-
ment of vital qi to eliminate pathogenic factors, and 
the enhancement of bodily resistance. The theoretical 
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guidance of Chinese medicine will greatly inspire the 
research of natural products. Targeting natural products 
may be a promising direction to enhance health man-
agement and prevention of gynecologic tumors.

6. KIDNEY CANCER

Kidney cancer is not a single disease. Kidney cancer rep-
resents several distinct types of cancer. Renal cell car-
cinoma (RCC) is the most common subtype, accounting 
for 85% of all cases [204]. In addition to surgery, there 
has been an explosion in target therapies that control 
tumor growth and the creation of blood vessels in the 
past decade [205]. In addition, the use of natural prod-
ucts for the treatment of kidney cancer has attracted 
attention.

6.1 Genistein
A recent clinical trial examined the impact of combin-
ing genistein with interleukin-2 (IL-2) in patients diag-
nosed with metastatic melanoma or kidney cancer 
(NCT00276835). Existing evidence demonstrated that 
genistein exhibits an interventional inhibitory effect on 
renal CSCs in vitro by suppressing the sonic hedgehog 
(Shh) pathway [206]. Although genistein has obtained 
attention in clinical trials of kidney cancer, mechanistic 
studies are lacking.

6.2 Other natural products
Sunitinib is recognized as the standard first-line therapy 
for advanced RCC. Nevertheless, sunitinib is associated 
with numerous side effects, one of which is fatigue, 
which occurs frequently. A recent phase I clinical trial 
has demonstrated that isoquercetin is safe and effec-
tive in reducing fatigue among kidney cancer patients 
receiving sunitinib treatment. This finding holds signifi-
cant promise for improving the quality of life for these 
patients (NCT02446795) [207]. Other natural products 
contain shark cartilage (AE-941) and bryostatin 1. Shark 
cartilage has gradually lost interest among researchers. 
The anti-cancer effect of bryostatin 1 on kidney cancer 
has not been verified in vivo or in vitro. To date, natu-
ral product clinical trials in kidney cancer therapy are 
limited. It must be recalled that Chinese medicine has 
a thorough theoretical system with a focus on kidney 
disease in the ancient books of Yellow Emperors Classic 
of Medicine. Based on these rich theories and abun-
dance of Chinese medicinal herbs, the search for com-
pound Chinese medicine and monomers suitable for 
the treatment of kidney diseases and cancer has unique 
advantages.

7. PANCREATIC CANCER

Pancreatic cancer (PC) is a fatal malignant tumor with 
a 5-year survival rate of 5% [208]. PC has an extremely 
poor prognosis due to extensive local invasion, early sys-
temic dissemination, and resistance to chemotherapeutic 

drugs. Surgery is the most effective treatment of PC, 
but 80%-85% of patients are diagnosed with advanced 
and unresectable disease [209]. Hence, considering 
natural products as a research direction is a promising 
breakthrough.

7.1 Curcumin
Presently, clinical trials exploring the therapeutic poten-
tial of curcumin in PC treatment have been conducted 
(NCT00192842, NCT00486460, NCT00094445). Of note, a 
prospective phase II trial has demonstrated that the phy-
tosome complex of curcumin, as a complementary ther-
apy in first-line therapy of advanced PC, had improved 
safety and efficacy compared to gemcitabine [210]. The 
curcumin analogue, FN2, also augmented the inhibitory 
effect of gemcitabine on PC cells [208, 211]. Another 
curcumin derivative, C66, has good anti-inflammatory 
activity. C66 was shown to inhibit the progression of PC 
cells via inhibition of JNK-mediated inflammation [212]. 
Curcumin inhibits ERK- and JNK-mediated EMT in vitro 
by upregulating TFPI-2, subsequently suppressing the 
migration and invasion of PC cells [213]. In addition, the 
p53Y220C mutation, a commonly identified variant in 
the p53 gene, results in the inactivation of the tumor 
suppressor protein, p53. This mutant p53Y220C is fre-
quently observed in numerous tumors, including PC. 
Notably, curcumin has the potential to rescue mutant 
p53Y220C, thereby activating apoptosis [214, 215]. 
Therefore, curcumin possesses potential significance in 
the prevention and treatment of PC but additional clini-
cal evidence is required to support its application.

7.2 Genistein
AXP107-1, a novel crystal form of genistein, has been 
demonstrated in a phase Ib clinical trial to be safe in 
patients with PC when used in combination with gem-
citabine with no signs of hematologic or non-hemato-
logic toxicity and with elevated serum levels [216]. The 
efficacy requires a larger sample size for verification. Of 
note, animal studies have verified that AXP107-1 in com-
bination with gemcitabine has synergistic anti-cancer 
effects by activating GPER1 signaling [217]. In addition, 
Li et al. [218] showed that downregulation of ELK1 leads 
to upregulation of DEPTOR, which in turn enhances 
the sensitivity of PC cells to genistein through inhibi-
tion of mTOR signaling [218]. The anti-cancer effects of 
genistein in vitro are associated with induction of ROS-
mediated mitochondrial apoptosis, cell cycle arrest, and 
regulation of STAT3 signaling [219]. In conclusion, these 
results predict that both curcumin and genistein are hot 
candidate adjuvant drugs for the treatment of PC. New 
delivery systems for genistein or curcumin contribute to 
improving bioavailability, stability, and application.

7.3 Cannabidiol
In recent years the treatment of CBD for PC has also 
attracted attention. For example, CBD was shown to 
inhibit the proliferation of PC, pancreatic stellate cell 
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(PSC), and PSC-stimulated PC cells by targeting the 
P-21 activated kinase 1 (PAK1)-dependent pathway. 
Furthermore, CBD also inhibits the expression of PD-L1 
via downregulating PAK1 activity, thereby potenti-
ating the immune checkpoint blockade of PC [220]. 
Additionally, Alfonzetti et al. [221] demonstrated that 
CBD augments the sensitivity of radiotherapy in  vivo 
and vitro. Likewise, the combination of CBD and 
oxygen-ozone exhibited a synergistic augmentation in 
cytotoxic effects on PDAC cell lines [222]. It is known 
that cytokine-induced killer cells (CIKs) are pivotal 
cytotoxic immunologic effector cells and have shown 
encouraging synergistic effects when combined with 
cancer-associated inhibitors and blockade. Specially, a 
low dose of CBD was shown to significantly enhance 
the cytotoxic function of CIKs without exerting any 
associated mediators in pancreatic and myeloma cells 
[223]. CBD treatment may help increase the therapeu-
tic response for non-responder patients by activation 
of CIK therapy. CBD is a promising adjuvant therapy 
medicine that can enhance the effectiveness of chemo-
radiotherapy in PC through various pathways and 
mechanisms.

8. BLADDER CANCER

Bladder cancer is the 10th most common cancer type 
worldwide with a 5-year survival rate of approximately 
70% [224]. Huang et  al. [225] showed that patients 
with stage T1 bladder cancer have unique glucose met-
abolic abnormalities. SFN significantly downregulates 
glucose metabolism by blocking the AKT1/HK2 axis 
[225]. Alternatively, Wang et al. [226] confirmed that 
upregulation of FAT atypical cadherin 1 (FAT1) is associ-
ated with a lower survival rate of patients with bladder 
cancer. In vitro studies further demonstrated that SFN 
inhibit FAT1 expression, thereby suppressing the viabil-
ity and metastasis, and promoting apoptosis of bladder 
cancer cells [226]. In addition, a series of studies have 
indicated that SFN has a crucial role in overcoming 
drug resistance, particularly in the case of resistance to 
cisplatin, gemcitabine, or everolimus [227-229]. These 
laboratory and animal studies indicated that SFN has 
an important role in inhibiting the development of 
bladder cancer. However, the clinical trials of SFN or 
broccoli sprout extract in bladder cancer were termi-
nated due to low accrual. Thus, a new delivery system 
for SFN may be necessary to improve bioavailability 
and decrease side effects, such as liposomes, cyclo-
dextrin inclusion, and nanotechnologic approaches. 
Other natural compounds that have attracted atten-
tion in clinical trials for bladder cancer therapy include 
genistein and polyphenol E. Genistein has been shown 
to inhibit arsenic-induced EMT phenotype and CD44 
expression in vitro by inhibiting HER2 phosphoryla-
tion [230]. Genistein and polyphenol E have received 
relatively little attention compared to SFN in vitro and 
in vivo.

9. MELANOMA

Melanoma is the most severe form of skin cancer [231]. 
The 5-year survival rate for cutaneous melanoma is 93% 
but patients with distant metastases have a 5-year survival 
rate of only 27% [232]. A clinical trial has demonstrated 
that the oral broccoli sprout extract, SFN, at a daily dose 
up to 200 μmol, is safe and well-tolerated in patients with 
melanoma and achieved dose-dependent levels in plasma 
and skin [233]. In a melanoma cell and zebrafish model, 
SFN has been shown to induce cell differentiation, mel-
anogenesis, and inhibit proliferation by regulating the 
expression of MITF, PKCβ1, and tyrosinase [234]. However, 
when SFN combined with other biological elements, such 
as nerve growth factor, the anti-carcinogenic activities 
were partly reversed [235]. The next study should explore 
the role of SFN in combination with other chemotherapy 
drugs. Apart from SFN, other natural products include 
genistein and bryostatin-1 but have fewer clinical and ani-
mal results. In conclusion nrelatively few natural products 
have progressed to the clinical trial phase for the treat-
ment of bladder cancer and melanoma.

10. HEMATOLOGIC MALIGNANCIES

10.1 Leukemia
Leukemia is a group of malignant disorders of the 
blood, bone marrow, and lymphoid system. Leukemia is 
further divided into four major types: acute myeloid leu-
kemia (AML); acute lymphocytic leukemia (ALL); chronic 
myeloid leukemia (CML); and chronic lymphocytic leu-
kemia (CLL) [236]. In recent years the potential of nat-
ural products in the treatment of hematologic tumors 
has garnered widespread interest. Specifically, curcumin 
has emerged as a promising candidate for clinical tri-
als. In ALL cells, three phenolic compounds (curcumin, 
CBD, and quercetin) display anti-leukemic activity by 
promoting mitochondrial membrane potential loss and 
mitochondrial Ca2+ overload. Notably, curcumin and 
quercetin further facilitate mitochondrial uncoupling 
[237]. This mechanism may enable curcumin to reduce 
glucocorticoid resistance in ALL cells [238]. Similarly, 
further research showed that the “cocktail” of four 
phenolic compounds (curcumin, genistein, resveratrol, 
and quercetin) has a cooperative anti-neoplastic activity 
on ALL cells without a significant effect on non-tumor 
cells [239]. In the context of AML, curcumin was shown 
to attenuate adriamycin resistance by suppressing the 
HOTAIR/miR-20a-5p/WT1 pathway in AML cells [240]. 
Moreover, mitocurcumin utilized oxidative stress to 
upregulate JNK/p38 to lead to apoptosis and overcome 
cytarabine resistance via ROS/p21/CHK1 in AML [241]. 
Similarly, curcumin and its analogs also exhibit chemo-
potentiating properties in other leukemia subtypes, 
such as CLL and CML [242, 243]. In addition, a variety of 
curcumin analogues, including EF-24, C1206, C212, and 
DMC, have been shown to possess anti-leukemic prop-
erties in leukemia [244-247]. These results indicate that 



Acta  
Materia  
MedicaReview Article

Acta Materia Medica 2024, Volume 3, Issue 2, p. 163-206      191 
© 2024 The Authors. Creative Commons Attribution 4.0 International License

curcumin is a promising anti-cancer medicine against 
various subtypes of leukemia. Conversely, other natu-
ral products exhibit limited clinical and animal-based 
results in the treatment of leukemias.

10.2 Lymphomas
Lymphomas arise from an aberrant clonal proliferation 
of lymphocytes and can present within any organ in the 
body. According to the WHO classification, mature lym-
phoid neoplasms are mainly divided into non-Hodgkin’s 
lymphoma (NHL), which accounts for approximately 
90% of all lymphomas, and Hodgkin’s lymphoma (HL), 
which accounts for approximately 10% [248]. Curcumin 
triggers caspase 3-dependent apoptosis in vitro and 
induces DNA damage through impairing Rad51-
dependent homologous recombination. More impor-
tantly, curcumin enhances the sensitivity of lymphoma 
cells to various DNA damage drugs, including hydrox-
yurea, camptothecin, and cisplatin [249]. Curcumin in 
combination with homoharringtonine synergistically 
inhibit lymphoma cell growth in vivo by inhibiting the 
TGF-β/Smad3 signaling pathway [250]. It is known that 
CD20 is a prerequisite for rituximab anti-tumor activity. 
Inhibiting the expression of CD59 is a good strategy for 
overcoming resistance [251]. Both curcumin and peril-
lyl alcohol suppress activation of NF-κB and CREB, and 
subsequently restrain expression of CD59 but not CD20, 
thereby sensitizing rituximab-resistant B lymphoma 
cells [251]. In conclusion, curcumin may be a potential 
adjuvant drug to enhance the efficacy of chemotherapy 
drugs in leukemias and lymphomas but clinical applica-
tion needs additional data support.

10.3 Multiple Myeloma
Multiple myeloma (MM) is described as an incurable 
malignant disease that accounts for approximately 10%-
15% of all hematologic malignancies [252]. Currently, 
immunotherapy, particularly chimeric antigen recep-
tor T cell therapy, has an increasingly significant role in 
the treatment of hematologic tumors, including MM. 
Natural products retain unique benefits in enhancing 
the potency of other drugs while mitigating adverse 
effects. A pilot randomized clinical trial demonstrated 
that the combination of curcumin with melphalan 
and prednisone is more effective on improving overall 
remission and reducing the levels of NF-κB, VEGF, TNF-α, 
and IL-6 among MM patients compared to the group 
receiving only melphalan and prednisone [253]. GZ17-
6.02, a synthetically manufactured compound contain-
ing isovanillin, harmine, and curcumin, has been shown 
to enhance the toxicity of proteasome inhibitors to kill 
MM cells in vitro [254]. Additionally, a number of studies 
have demonstrated that omega-3 fatty acid derivatives 
of DHA or eicosapentaenoic acid (EPA) not only alleviate 
bortezomib resistance by facilitating glutathione degra-
dation but also increase bortezomib cytotoxicity. More 
importantly the co-incubation time is also crucial in this 
process [255-257]. Furthermore, Mekkawy et  al. [258] 

reported that bone marrow-derived MM CSCs exhibit 
potential as a prognostic indicator for predicting recur-
rent MM incidence among MM patients. Treatment with 
curcumin and piperine induce cell cycle arrest and apop-
tosis in MM CSCs [258]. Schmidt-Wolf et al. [259] veri-
fied that CB2 receptor is highly expressed on CIK cells as 
well as on MM cells. A low concentration of CBD could 
enhance the cytotoxic function of CIKs [259]. Hence, 
a thorough investigation into the precise mechanism 
by which CBD modulates CIKs in MM is imperative. In 
the future, we also look forward to more clinical data 
and application of natural products in the treatment of 
hematologic tumors.

11. OTHER TUMORS

Hepatocellular carcinoma (HCC) is among the most com-
mon and deadliest cancers and treatment options are 
limited. Huaier, a traditional herb, has enjoyed wide-
spread application in Chinese medicine for approxi-
mately 1600 years. Multiple clinical trials have demon-
strated that the administration of huaier granules 
extends recurrence-free survival (RFS) and OS after cura-
tive resection of HCC. Furthermore, this treatment also 
reduces extrahepatic recurrences [260-262]. Similarly, 
SRL therapy (sirolimus, thymalfasin, and huaier gran-
ules) has been shown to be safe and effective in pre-
venting HCC recurrence following liver transplantatio, 
without significant adverse events [263]. These results 
suggest that huaier granules are a promising candidate 
natural product for the treatment of HCC. In addition 
to huaier granules, other natural products have been 
advanced to clinical trials, including icaritin, ginseno-
side Rg3, artesunate, CBD, coriolus versicolor, and Xiang 
Sha Liu Jun Zi decoction. Gastric carcinoma accounts for 
approximately 6% of cancers worldwide and is the 3rd 
leading cause of cancer-related deaths [264]. Recently, 
huaier granules, ginsenoside Rg3, mistletoe, and bry-
ostatin 1 have moved into clinical trials for gastric car-
cinoma but these results have not been published or 
completed.

12. CONCLUSION AND PERSPECTIVE

Natural products are structurally diverse and have a 
wide range of sources and unique pharmacologic and 
biological activities [265, 266]. Currently, natural prod-
uct-based pharmaceuticals and diet supplement devel-
opment strategies play an important role in modern 
new drug development, accounting for a significant 
share of the market. For example, resveratrol and 
quercetin have been marketed as dietary supplements. 
The development of natural products is driving more 
dietary supplements to market. Remarkably, arsenic, 
a traditional Chinese medicine, has demonstrated 
remarkable effectiveness in the treatment of relapsed 
acute promyelocytic leukemia, highlighting its signifi-
cant medical value [267]. Other natural products, such 
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Table 6  |  Natural products that have been tested in cancer treatment of clinical trials.

Disease   Natural product   References (https://clinicaltrials.gov)

Colorectal cancer   Curcumin, curcumin C3 complex   NCT02724202*, NCT00973869*, NCT01859858*, 
NCT01333917,NCT00027495*, NCT00003365*, NCT01294072*, 
NCT00295035, NCT05472753*, NCT02439385*, NCT01490996

  Resveratrol   NCT00256334, NCT00433576

  Quercetin   NCT00003365*

  Rutin   NCT00003365*

  Genistein   NCT01985763

  Cannabidiol   NCT03607643, NCT04398446

  Epigallocatechin gallate, green tea 
extract

  NCT02891538, NCT01239095, NCT01360320*, NCT02321969*, 
NCT01606124

  Andrographolides   NCT01993472

  Mistletoe extract   NCT00049608*

  Oligofructose-enriched inulin   NCT00335504

  Topical menthol   NCT01855607

  Shark cartilage (BenFin)   NCT00026117

  Hydroxytyrosol   NCT05472753*

  Artesunate   NCT03093129, NCT02633098

Lung cancer   Sulforaphane, broccoli sprout extract   NCT03232138*, NCT00255775*

  Curcumin, curcumin C3 complex, 
Theracurmin 2X

  NCT01048983, NCT03598309, NCT02321293*, NCT04871412*

  Epigallocatechin gallate, green tea 
extract, polyphenon E

  NCT02577393, NCT04871412*, NCT01317953*, NCT00611650, 
NCT00573885, NCT00363805*, NCT00707252

  Coriolus Versicolor   NCT04871412*

  Chlorogenic acid   NCT03751592

  Soy isoflavones   NCT01958372*

  R-(-)-gossypol acetic acid, Gossypol   NCT00544596, NCT00397293, NCT00544960, NCT00934076, 
NCT00988169, NCT00773955, NCT01977209

  Mistletoe extract   NCT00052325*, NCT00079794, NCT00516022, NCT00049608*

  Genistein   NCT00769990*, NCT01628471

  Ginsenoside H dripping pills   NCT02714608

  Berry powder   NCT00681512*, NCT01426620*

  Shark cartilage extract AE-941   NCT00005838

  Flaxseed   NCT00955942*, NCT02475330*

  Lindera obtusiloba extract   NCT04348149*

  Antroquinonol   NCT02047344, NCT01134016

Breast cancer   Sulforaphane, broccoli sprout extract   NCT00894712, NCT03934905, NCT00982319, NCT00843167, 
NCT01753908, NCT03775525

  Curcumin, curcumin C3 complex   NCT03980509, NCT03847623*, NCT03072992, NCT03865992*, 
NCT01740323, NCT01975363*, NCT00852332*, NCT02556632, 
NCT01042938

  Epigallocatechin gallate, green tea 
extract, tea capsule, polyphenol

  NCT02580279, NCT00516243, NCT00917735, NCT00949923*, 
NCT03482401*

https://clinicaltrials.gov/
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Disease   Natural product   References (https://clinicaltrials.gov)

  Genistein, soy isoflavones   NCT00244933*, NCT00099008*, NCT00290758, 
NCT00036686*, NCT00200824*, NCT04880369*, 
NCT00513916*, NCT00343434*, NCT01219075*, 
NCT00204490*, NCT00769990*

  Cannabidiol   NCT04482244, NCT05016349, NCT04754399, NCT04398446

  Tocotrienol, tocotrienol-rich fraction 
(TRF)

  NCT04496492, NCT02909751*, NCT03855423*, 
NCT01157026*

  Artesunate   NCT00764036

  Viscum album pini (mistletoe extract)   NCT00176046, NCT00049608*

  Omega-3 fatty acid, docosahexaenoic 
acid (DHA)

  NCT00114296*, NCT02295059*, NCT01282580*, NCT01784042, 
NCT02101970*, NCT02278965, NCT02150525*, NCT05331807*, 
NCT00930527*, NCT02795572*, NCT02831582*, 
NCT01478477*, NCT02352779*, NCT01869764, NCT04268134*, 
NCT01881048*, NCT00627276*, NCT01849250, NCT01548534*, 
NCT01127867*, NCT01049295*, NCT03831178*, 
NCT03383835*

  Extra-virgin olive oil, hydroxytyrosol   NCT04174391*, NCT02068092

  Seaweed and soy protein   NCT01204957*

  Perillyl alcohol   NCT00003219, NCT00022425

  Shark cartilage (BenFin)   NCT00026117

  Black cohosh   NCT00060320*, NCT01628536*

  Flaxseed   NCT00612560*, NCT00956813*, NCT00010829*, 
NCT00794989*

  Crocin   NCT05504148

  Menthol   NCT05429814, NCT01855607

  White button mushroom extract   NCT00709020, NCT04913064

  FADA (active fraction of ficus septica 
leaf)

  NCT05033925*

  Bryostatin 1   NCT00003205

  Huaier granule   NCT02627248, NCT02615457, NCT04790305

  IH636 grape seed proanthocyanidin 
extract

  NCT00041223*, NCT00100893*

  QS21   NCT00004156, NCT00470574, NCT00030823, NCT00003357

  Capsaicin   NCT03794388

Cervical cancer   Curcumin   NCT03192059*, NCT02554344, NCT04294836

  Bryostatin 1   NCT00005965

  Green tea extract   NCT00303823*

Ovarian cancer   Flaxseed   NCT02324439

  Omega-3 fatty acid   NCT01821833*

  Bryostatin 1   NCT00004008, NCT00006942

  Squalamine lactate   NCT00021385

  Cannabidiol   NCT04398446

Table 6  |  Continued
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Disease   Natural product   References (https://clinicaltrials.gov)

Endometrial 
cancer

  Genistein   NCT00099008*

  Flaxseed   NCT00010829*

  Curcumin   NCT02017353*, NCT03192059*

  Pterostilbene   NCT03671811

Pancreatic cancer   Curcumin   NCT00192842, NCT00486460, NCT00094445

  Genistein   NCT00376948*, NCT00882765*

  Cannabidiol   NCT03607643, NCT04398446

  Antroquinonol   NCT03310632

  Mistletoe extract (Iscador Qu)   NCT01448668, NCT02948309, NCT00049608*

  Perillyl alcohol   NCT00003769

  Bryostatin 1   NCT00031694

  Broccoli sprout grain   NCT01879878*

Bladder cancer   Sulforaphane, broccoli sprout extract   NCT03517995, NCT01108003

  Genistein   NCT01489813, NCT00118040

  Green tea extract, polyphenon E   NCT00666562*, NCT00088946*

Melanoma   Sulforaphane   NCT01568996

  Genistein   NCT00769990*, NCT00276835*

  Bryostatin 1   NCT00006022, NCT00112476

Leukemias   Curcumin   NCT05045443, NCT02100423

  Omega-3 fatty acid, docosahexaenoic 
acid (DHA) Eicosapentaenoic acid 
(EPA)

  NCT00899353*, NCT02373579, NCT00003077*, 
NCT01051154*, NCT04006847

  Bryostatin 1   NCT00017342, NCT00003079, NCT00003174, NCT00087425, 
NCT00136461, NCT00002908, NCT00003171, NCT00003166, 
NCT00012376, NCT00005580

  Polyphenon E   NCT00262743

  Sheng-Yu-Tang   NCT02580071

  R-(-)-gossypol acetic acid (AT-101)   NCT01003769, NCT00275431

  Cordycepin   NCT00709215, NCT00003005

Lymphomas   Curcumin   NCT00969085, NCT02100423

  SGX301(synthetic hypericin)   NCT02448381, NCT05380635

  Genistein   NCT02624388

  Broken ganoderma lucidum spore 
powder

  NCT04914143

  Omega-3 fatty acid   NCT00003077*

  Bryostatin 1   NCT00002725, NCT00022555, NCT00003993, NCT00058305, 
NCT00003936, NCT00003079, NCT00087425, NCT00002908, 
NCT00003166, NCT00005580

  Perillyl alcohol   NCT00002862

  R-(-)-gossypol acetic acid (AT-101)   NCT00891072, NCT05338931, NCT00440388, NCT00275431

Table 6  |  Continued
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as paclitaxel, vindesine, and homoharringtonine, have 
been effectively utilized in the clinical management of 
cancer. It follows that research on the active ingredients 
of Chinese materia medica and natural products con-
tributes to inspiring more new cancer therapeutic drugs.

Apart from the natural products listed in Table 6, 
numerous emerging and well-known natural com-
pounds, such as alfa-mangostin, garcinol, diosgenin, 
eugenol, xanthochymol, rosmarinic acid, and capsaicin, 
have demonstrated significant potential for entering 
clinical research in the treatment of cancers. For exam-
ple, capsaicin has been used in clinical trials to assess 
its effectiveness in treating neuropathic pain among 
BC patients (NCT03794388, NCT05726929). These 
numerous emerging and well-known natural products 

provide a wide range of options for clinical trials of 
cancer treatments. In conclusion, natural products 
have great potential and market prospects in the field 
of new drug research. It is not only beneficial to the 
research and promotion of Chinese medicine but may 
also be developed as dietary supplements or adjuvant 
drugs for chemoradiotherapy. In this review, we have 
presented a comprehensive overview of the clinical 
trial progress in the field of natural product-relevant 
cancer therapy. The aim was to provide readers with 
a comprehensive resource of valuable information on 
natural drug candidates, deepen our understanding of 
the role of natural products in cancer treatment, and 
offer hope for the discovery of novel drug candidates 
for cancer therapy.

Table 6  |  Continued

Disease   Natural product   References (https://clinicaltrials.gov)

Multiple myelom   Curcumin   NCT01269203, NCT04731844, NCT00113841

  Omega-3 fatty acid   NCT00899353*, NCT00003077*

  Green tea extract   NCT00942422*

  Piperine   NCT04731844

  Bioperine   NCT00113841

  Bryostatin 1   NCT00002907, NCT00003166

  Shark cartilage extract AE-941   NCT00022282

  Psoralen   NCT00005092

  Agaricus blazei murill   NCT00970021*

  Cannabidiol   NCT03607643

Hepatocellular 
carcinoma

  Huaier granule   NCT01760616, NCT03356236, NCT01770431

  Icaritin   NCT03236649, NCT01972672, NCT05594927, NCT03236636

  Ginsenoside Rg3   NCT04523467, NCT01717066

  Cannabidiol   NCT03607643

  Artesunate   NCT02304289

  Coriolus cersicolor   NCT01097083

  Xiang Sha Liu Jun Zi Decoction dry 
powder

  NCT04562428

Gastric carcinoma   Huaier granule   NCT05498766

  Ginsenoside Rg3   NCT01757366

  Mistletoe extract   NCT01401075

  Bryostatin 1   NCT00006389, NCT00005599, NCT00006081

  Theracurmin 2X   NCT04871412*

  Green tea extract   NCT04871412*

  Coriolus Versicolor   NCT04871412*

*Natural products used in this clinical trial were dietary supplements.
The literature search conducted on the website https://clinicaltrials.gov this time covered data through December 2022.

https://clinicaltrials.gov/
https://clinicaltrials.gov/
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