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Abstract: The potential anti-cancer effect of traditional Chinese medicine (TCM) monomers has been widely studied due to their
advantages of well-defined structure, clear therapeutic effects, and easy quality control during the manufacturing process. However,
clinical trial information on these monomers is scarce, resulting in a lack of knowledge regarding the research progress, efficacy, and
adverse reactions at the clinical stage. Therefore, this study systematically reviewed the clinical trials on the anti-cancer effect of TCM
monomers registered in the Clinicaltrials.gov website before 2023.4.30, paying special attention to the trials on tumors, aiming to
explore the research results and development prospects in this field. A total of 1982 trials were started using 69 of the 131 TCM
monomers. The number of clinical trials performed each year showed an overall upward trend. However, only 26 monomers entered
into 519 interventional anti-tumor trials, with vinblastine (194, 37.38%) and camptothecin (146, 28.13%) being the most used. A total
of 45 tumors were studied in these 519 trials, with lymphoma (112, 21.58%) being the most frequently studied. Clinical trials are also
unevenly distributed across locations and sponsors/collaborators. The location and the sponsor/collaborator with the highest number of
performed trials were the United States (651,32.85%) and NIH (77). Therefore, China and its institutions still have large room for
progress in promoting TCM monomers in anti-tumor clinical trials. In the next step, priority should be given to the improvement of the
research and development ability of domestic enterprises, universities and other institutions, using modern scientific and technological
means to solve the problems of poor water solubility and strong toxic and side effects of monomers, so as to promote the clinical
research of TCM monomers.
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Introduction

To date, cancer remains a major public health challenge. At present, the incidence of six types of tumors, including
adolescent colorectal cancer, continues to increase.'” Moreover, cancer is probably becoming the leading cause of
premature death in most countries in the 21st century.> Common treatments include surgery, radiotherapy, chemotherapy,
immunotherapy, and targeted therapy.*> However, these methods are more or less limited by the treatment conditions, the
type/grade of tumor and the potential complications. In China, traditional Chinese medicine (TCM) has unique
characteristics in treating cancer for thousands of years. Chinese medicinal monomers with well-defined structures
have been isolated from Chinese herbs thanks to the help of modern scientific and technological means, showing superior
anti-tumor effects.® !> Chinese medicinal monomers represent great research and development potential as new anti-
tumor drugs due to the characteristics of clear structure, definite effects, and easy-to-control quality process.

Previous studies provided detailed analyses of the drug development profile in China,'® the characteristics of clinical
trials of new TCMs,14 and the clinical trials on specific tumors. !> However, there are few reviews worldwide
summarizing the characteristics of clinical trials that used anti-tumor herbal monomers. The clinicaltrials.gov website,
which is one of the most influential platforms in the world, was released by the National Institutes of Health (NIH) in

2000 and includes more than 450,000 clinical studies from all 50 states and 221 countries. This clinical trial registration
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platform is one of the most influential platforms in the world, containing data of many anti-tumor clinical trials using
active ingredients of TCMs worldwide, providing a support for their further analysis.

Therefore, this study systematically reviewed the clinical trials using anti-tumor TCM monomers registered in the
Clinicaltrials.gov website before April 30, 2023. Moreover, this review focused on anti-tumor trials and explored the
research results and development prospects in this field, thus providing a basis and decision-making references for
pharmaceutical researchers, enterprises, institutions, government departments and other personnel.

Data Collection

Data Sources

All clinical trial data included in this study were obtained from the ClinicalTrials.gov database. Since this database was
created and put into use, a number of initiatives have resulted in more complete clinical trial information being stored in
it. Firstly, the International Committee of Medical Journal Editors (ICMJE) has required registered clinical trials as
a prerequisite for submission to biomedical journals starting in 2005.'7 In addition, in 2007, Section 801 of the Food and
Drug Administration (FDA) Amendments Act required ClinicalTrials.gov to include more types of clinical trials,
additional trial registration information, and summary results including adverse events, providing penalties for
violations.'® Subsequently, ClinicalTrials.gov officially published the results database in 2008. A month later the
World Medical Association Congress revised the Declaration of Helsinki, which supports prospective registration and
public disclosure of research results. Therefore, the ClinicalTrials.gov website is the place to go to look for a more
comprehensive collection of clinical trial data on TCM monomers worldwide.

Search Strategy and Inclusion Criteria

The first step was to investigate anti-tumor TCM monomers. The keywords “anti-tumor”, “tumor”, “cancer”, and “TCM
monomers” were used to search the literature related to antitumor monomers in the databases of CNKI, PubMed, Web of
Science, Elsevier (ScienceDirect) and VIP. A total of 131 monomers with proved anti-tumor effect by cell experiments,
animal experiments or clinical trials were collected (Table S1). The monomers were classified into more than 10 types of
compounds based on their structural characteristics including polysaccharides, quinones, phenylpropanoids, alkaloids,
flavonoids, terpenoids, steroids, and phenols. Subsequently, the above monomers were searched in the Clinicaltrials.gov
database, and data of 69 TCM monomers participating in clinical trials were retrieved (Table 1). The chemical structure
of each of the 69 monomers is shown in Figures 1-5. All clinical trial data of these 69 TCM monomers before April 30,
2023 were extracted, including NCT number, study type, phases, conditions, interventions, status, enrollment, start date,
sponsor/collaborators and locations.

The following 3 aspects were considered before further analysis: 1) Duplicate clinical trials were removed. 2) Trials
with very low correlation with the target monomers were excluded. For example, they mention only the names or
abbreviations of the target monomers, rather than using them as research purposes. 3) Trials in which interventions were
used to prevent cancer, mitigate side effects of cancer treatment, or treat non-oncologic complications were excluded.
Quantity and percentage were used as categorical variables for various evaluation indicators, and the specific composi-
tion and time trend of each indicator were further analyzed. In addition, data such as type of intervention, sponsor/
collaborators, and location often have multiple side-by-side entries. Therefore, only the elements ranked first are counted
to facilitate the analysis. Figure 6a shows the search process of anti-tumor TCM monomers and the collection and
exclusion process of anti-tumor clinical trials. In addition, the types of clinical trials that we focused on are shown in
Figure 6b.

Results

Overall Results

Distribution of Types of Clinical Trials and Their Phases

A total of 1982 trials of three types were included, with the vast majority being interventional trials (1888, 95.26%),
followed by observational trials (92, 4.64%) and expanded access trials (2, 0.10%). Among the observational studies, 55
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Table | Sixty-Nine Anti-Cancer TCM Monomers with Clinical Trials
NO. Name Formula Molecular Weight Reference
(g/mol)
Flavonoid
| Tangeretin CaoH2007 372.400 2
2 Baicalein Cy5H00s 270.240 [19]
3 Vitexin CatH2010 432.400 a
4 Formononetin CieH 1204 268.260 [20]
5 Quercetin Cy1H200 448.400 [21]
6 Luteolin Ci5H00¢ 286.240 [21]
7 Baicalin CyHig0y, 446.400 [19]
8 Icaritin C,1H200¢ 368.400 2
9 Icariin C33H4O5 676.700 2
10 Nobiletin Cy1H»,04 402.400 2
11 Naringin Cy7H3,0 4 580.500 2
12 Dihydromyricetin C5H,0s 320.250 2
13 Genistein C5H00s 270.240 2
14 Puerarin C51H2009 416.400 2
15 Apigenin C1sH160s 270.240 21.22]
16 Silymarin Cy5H»0) 0 482.400 ?
17 Epigallocatechin gallate CxH g0y 458.400 2
Alkaloid
18 Berberine CiHN 235.324 21
19 Piperine C,7HsNO; 285.340 2
20 Chelidonine CyoHsNOs 353.400 [23]
21 Matrine C1sHuN,O 248.360 211
22 Oxymatrine C5H24N,0, 264.360 2
23 Vinblastine CaeHssN4Oo 811.000 a
24 Cytisine C,Hi4N,O 190.240 2
25 Camptothecin CaoH16N;04 348.400 4]
26 Homoharringtonine Cy9H39NOy 545.600 2
27 Stachydrine C/H13NO, 143.180 2
28 Tetrandrine C3gH4oN,O4 622.700 2
29 Indirubin Ci¢HioN,O, 262.260 2
30 Higenamine C¢H17NO3 271.310 2
31 Tetramethylpyrazine CgH /2N, 136.190 2
32 Stephanine C9HsNO;3; 309.400 2
33 Solamargine CysH73NO 5 868.100 2
(Continued)
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Table | (Continued).

NO. Name Formula Molecular Weight Reference
(g/mol)
Terpenoid
34 Oridonin CyoH2806 364.400 [21]
35 Artemisinin Ci5H2»0s 282.330 [25]
36 Glycyrrhizic acid C4He2O6 822.900 2
37 Triptolide Ca0H240¢ 360.400 2
38 Andrographolide CyoH3005 350.400 2
39 Elemene CisHas 204.350 2
40 Cantharidin CioH 204 196.200 [26]
41 Fucoxanthin CaHsgOp 658.900 2
42 Tripterine CyoH3504 450.600 [27]
43 Crocin | C44aHe4004 977.000 [28]
44 Tanshinone IIA Ci9H,503 294.300 2
45 Paeoniflorin Cy3H,80, 480.500 2
46 Ursolic acid C30H4s03 456.700 [21]
47 Astragaloside IV C41HegO 14 785.000 [29]
48 Glycyrrhetinic acid C3oH4604 470.700 2
49 Lupeol C30Hs500 426.700 2

Phenolic compounds

50 Ellagic acid Ci4H¢Og 302.190 2
51 Curcumin Ca1H200¢ 368.400 [21]
52 Vanillic acid CgHgOy4 168.150 2
53 Pterostilbene CieH 1603 256.300 2
54 Proanthocyadin C31H2802 592.500 2
55 Paeonol CoH 005 166.170 2
56 Resveratrol Ci4H,03 228.240 2
57 Piceatannol C4H 204 244.240 2

Phenylpropanoid

58 Honokiol CigH 802 266.300 2
59 Schisandrin b Cy3H80¢ 400.500 2
60 Eugenol CioH 202 164.200 2
61 Psoralen C1H¢O3 186.160 2
62 Arctigenin Cy1H40¢ 372.400 [30]
63 Cinnamaldehyde CyHgO 132.160 2
(Continued)
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Table | (Continued).

NO. Name Formula Molecular Weight Reference
(g/mol)

Quinonoid

64 Shikonin Ci¢H 605 288.290 311

65 Emodin CisH 005 270.240 ?

Polysaccharide

66 Astragalus Polysaccharide CoH7CIN,O,S 254.690 [20]

Steroid compounds

67 Bufalin Ca4H3404 386.500 [32]
Other

68 Muscone Ci6H300 238410 2
69 Arsenic sulfide As,S3 246.000 2

Notes: The TCM monomers’ structures marked with * were obtained at https://www.ncbi.nlm.nih.gov/
pccompound.

were concluded, but only 1 multicenter retrospective study for classical Hodgkin’s lymphoma (cHL) produced results. In
addition, 2 expanded access trials on green tea extract for small cell lung cancer and digital subtraction angiography in
nanomedicine intervention for pancreatic cancer were inconclusive.

Excluding 598 (31.67%) clinical trials that did not meet clinical phasing criteria, the remaining 1290 interventional
trials were in 7 phases (Figure 7). Only 51 (2.70%) of the clinical trials were in early Phase 1, probably because the
subjects generally do not obtain a therapeutic effect at this stage. Or it may be because of the limited toxicological studies
of the drug at this time. Participants must assume a certain amount of safety risks, which leads to a limited number of
participants to the trial, making difficult to carry out the study. In contrast, 444 (23.52%) clinical trials were in Phase 2.

Treatment Indications and Types of Interventions

A total of 1945 clinical trials involved interventions. And a total of 1110 (56.00%) clinical trials involved interventions to
test drugs. In addition, 491 (24.77%) clinical trials used dietary supplements. These are followed by lifestyle and dietary
interventions (131, 6.61%), biological interventions (79, 3.99%), and surgery (53, 2.67%). However, trials using medical
devices (27), combination therapy (21), behavioral interference (20), radiation therapy (9), and diagnostic tests (4) as
intervention measures accounted for only 4.09% of the total.

The international Classification of Diseases 11th Revision (ICD-11) was used to categorize the indications involved in
all interventional clinical trials due to the multi-targeting and other characteristics of TCM monomers. The indications of
157 trials were not found in ICD-11 for the time being. The remaining interventional clinical studies mainly focus on
“cancers” (27.49%), “certain infectious or parasitic diseases” (15.10%), “endocrine, nutritional, or metabolic diseases”
(9.75%) and “digestive system diseases” (6.89%). Further analysis was performed on the interventions for the main
indications in interventional clinical trials (Figure 8): 76.69% of clinical trials on “cancers”, 76.84% on “certain
infectious or parasitic diseases”, and 42.31% on “digestive system diseases” were performed using drugs as intervention.
However, interventions on “endocrine, nutritional, or metabolic diseases” were dominated by dietary supplements
(57.61%), followed by drugs (31.52%). In addition, the details of other diseases are presented in Table S2.

Enrollment, Start Date, and Trial Status

The enrollment in all trials was divided into 6 intervals. Excluding 30 trials that did not mention the “enrollment”, 49.09%
(973) of the trials had participants ranging from 0 to 50. In contrast, only 8.78% (174) of the trials had more than 500
participants. Statistical analysis revealed that less than 100 clinical trials were annually performed from 1989 to 2011. However,
the number of clinical trials since 2012 was more than 100, with a peak of 148 clinical studies performed in 2021. Although
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Figure | The chemical structures of anti-tumor flavonoids with clinical trials data.

2002 e Drug Design, Development and Therapy 2024:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Lv et al

Figure 2 The chemical structures of anti-tumor alkaloids with clinical trials data.
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Figure 3 The chemical structures of anti-tumor terpenoids with clinical trials data.
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Figure 4 The chemical structures of anti-tumor phenolic compounds with clinical trials data.

occasional fluctuations in the number of clinical trials were present each year from 1989 to 2022, the overall trend showed an
increase. In addition, data from 2023 showed that 56 clinical trials have been performed or are expected to be performed
this year. Furthermore, up to 56.66%(1123) of the trials were completed, 20.69% (410) of the trials may be performed in the
future, with the status including “active, and not recruiting”, “enrolling by invitation”, “recruiting”, and “not yet recruiting”.
Figure 9 shows the number of enrollments (Figure 9a), the time of the start date (Figure 9b), and the status (Figure 9¢)
of interventional clinical trials. In the scope of the intervention trials, the distribution trend of these three indicators is
similar to the data of the total clinical trials. A range of 0—50 participants was present in 50.21% of the trials. The number
of completed trials accounted for 56.57%. The number of clinical trials performed each year shows an overall upward
trend. Moreover, both the number of total clinical trials and the number of interventional trials in 2020 decreased,

probably related to the global pandemic of the new coronavirus infection.

Locations and Sponsors/Collaborators

All clinical trials were performed in 87 countries, and Figure 10a shows geographical distribution the locations.
Figure 10b shows the locations with over 10 clinical trials. The United States, China and Italy are the three countries
with the largest number of registrations, with 651 (32.85%), 189 (9.54%) and 87 (4.39%), respectively. The regional
distribution of interventional trials showed the same trend, with 636 (33.69%), 169 (8.95%) and 81 (4.29%) trials
registered in the United States, China and Italy, respectively.

The sponsors/collaborators of all clinical trials come from hundreds of organizations such as research institutes,
hospitals, universities, and companies. Ten of these organizations have been involved in more than 10 clinical trials and
have undertaken the largest number of interventional trials. The NIH was involved in the largest number of clinical trials,
for a total of 77, of which 73 were interventional trials. Next, the University of Texas and the University of California
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Figure 5 The chemical structures of six other types of anti-tumor monomers with clinical trials data. The specific classification is as follows: 58-63 belong to
phenylpropanoids; 64-65 belong to quinonoids; 66 belongs to polysaccharides; 67 belongs to steroid compounds; 68 belongs to macrocyclic ketone compounds and 69
belongs to inorganic salt compounds.

were involved in 39 and 34 trials, respectively. All the 39 of the former and 32 of the latter were interventional trials. In
addition, the company with the largest number of trials among the top 10 organizations was GlaxoSmithKline in the UK,
which performed 18 interventional clinical trials.

Analysis of Cancer Treatment

Analysis of Interventional Clinical Trials

Monomers Involved and The Number of Their Respective Clinical Trials

Interventional anti-tumor trials involved 519 trials of 26 TCM monomers (Figure 11a). Among them, vinblastine and
camptothecin were the hotspots in the research on anti-tumor drugs, with 194 (37.38%) and 146 (28.13%) clinical trials
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Figure 6 (a) Data collection and processing. The box on the left is about the search process and results of anti-tumor TCM monomers and The box on the right is about
the search and inclusion criteria for clinical trials of anti-tumor TCM monomers. (b) Key types of clinical trials.
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related to them, respectively. They were followed by homoharringtonine (43, 8.29%), curcumin (40, 7.71%), genistein
(21, 4.05%), and epigallocatechin gallate (14, 2.70%). None of the remaining 20 monomers was involved in more than 6

trials.
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Figure 9 (a) The enrollment of interventional trials. (b) The start date of interventional trials. (c) The status of interventional trials.

Types of Cancers

The many cancer subtypes involved in the trials were properly classified to facilitate the statistical analysis, hoping to
clarify the research trend of each cancer. Except for four trials where tumor types were not identified, the remaining trials
involved a total of 45 types of tumors. There are 15 types of tumors with 10 or more clinical trials (Figure 11b).
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Figure 10 (a) Geographical distribution of clinical trials of TCM monomers registered by leading clinical trial units worldwide. (b) Locations with over 10 clinical trials.
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Figure 11 (a) The number of interventional anti-tumor clinical trials of TCM monomers. (b) The number of interventional clinical trials involving different types of cancers.

(c) The number of trials in each phase of interventional anti-cancer trials.
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Lymphoma was the most researched tumor, with 112 (21.58%) trials, of which 88 were on Hodgkin’s lymphoma. The
next three types of tumors were involved in 40 or a bit more trials: leukemia (48, 9.25%), colorectal cancer (43, 8.29%),
and unspecified type of solid tumors (40, 7.71%). In addition, the detail of other types of cancers with less than 10 trials
are presented in Table S3.

Clinical Trial Phases and Start Date

Figure 11c shows the phases of the interventional anti-tumor trials. Most of the anti-tumor clinical trials were in phase 2 (235,
45.28%), and very few clinical trials entered Phase 4 (7, 1.35%). Moreover, only 58 clinical trials combined phase 1 and phase
2 or phase 2 and Phase 3. In addition, only 58 anti-tumor trials had been performed before 2000, but since 2000, the number of
anti-tumor trials performed each year has increased, with 33 trials in 2017 and 2022, both peaking.

Distribution of Locations and Sponsors/Collaborators

A total of 486 clinical trials with location information were distributed in 30 countries. Among them, the United States
(58.77%) and China (9.06%) performed the largest number of experiments. In addition, France (3.08%), Germany (2.70%),
Italy (2.70%), Belgium (2.50%), the United Kingdom (2.50%), and Canada (2.12%) performed more than 10 trials. A total of
232 sponsors/collaborators were involved in these trials. The NIH performed the highest number of clinical trials, for a total of
51 (21.98%). A total of 98.28% sponsors/collaborators started 10 or less than 10 trials, with 147 sponsors/collaborators
starting only 1 anti-tumor clinical trial.

Analysis of the Results of Clinical Trials with Outcomes

Analysis of the Results of Clinical Trials Related to Vinblastine

Ninety-eight anti-tumor clinical trials made their results available, and among them, 41 were related to vinblastine.
Vinblastine is commonly used in the treatment of tumors such as Hodgkin’s lymphoma, non-Hodgkin’s lymphoma,
testicular cancer, breast cancer, Kaposi’s sarcoma, and renal cell carcinoma,® which is also demonstrated in the results of
our statistical clinical trials. These 41 trials involved a total of eight types of tumors, with the highest number of trials
being in lymphoma (23), with Hodgkin’s lymphoma (21) being the hotspot of research. This was followed by urothelial
carcinoma (7), melanoma (6), leukemia (2), brain and central nervous system tumors (1), prostate cancer (1), renal
carcinoma (1), and Ewing’s sarcoma (1).

Vinblastine is commonly used to treat cancer in combination with other drugs. Common chemotherapeutic regimens in
clinical trials included ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine), MVAC (methotrexate, vinblastine,
doxorubicin, and cisplatin), AVD (doxorubicin, vinblastine, and dacarbazine), Stanford V (doxorubicin, methylethylamine,
vinblastine, vincristine, bleomycin, etoposide, and prednisone), and CVT (cisplatin, vinblastine, and temozolomide). Data
from clinical trials that produced results showed that 13 trials investigating Hodgkin’s lymphoma used the ABVD regimen.
For example, the trial NCT00003389 concluded that ABVD remains the standard approach in patients with advanced and
locally extensive Hodgkin’s lymphoma,** and NCT00504504 concluded that “ABVD in combination with rituximab has good
clinical activity in patients with advanced cHL”.**> However, ABVD treatment also has some limitations, since some patients
experienced complications and cancer recurrence.*®>’ Thus, researchers start to combine ABVD with other drugs, including
brentuximab vedotin + ABVD, rituximab + ABVD, or they modify ABVD to solve these problems, such as attempting the
brentuximab vedotin + AVD scheme. The studies involved in the trial NCT01712490 found that patients receiving
brentuximab vedotin +AVD treatment for Phase III or IV Hodgkin’s lymphoma had a better survival compared to patients
receiving ABVD.?® These changes resulted in satisfactory results.*>>%** MAVC, another chemotherapeutic regimen, is used
in the treatment of uroepithelial cancer. An early study did not show that MVAC adjuvant chemotherapy did not have
a statistically significant benefit in patients with lymphovascular invasion uroepithelial carcinoma.*® However, a subsequent
study found that dose-dense MVAC was well tolerated, showing some effectiveness in high-grade uroepithelial carcinoma and
can be used in patients who are eligible for the treatment.*'

In clinical trials considering the progression-free survival rate as the first primary outcome to evaluate efficacy, 10 had
results. Four clinical trials did not show accurate trial results for various reasons. The result of one of the remaining 6
items showed that patients with metastatic melanoma who received a low-dose chemotherapeutic regimen that included
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vinblastine had a median progression-free survival of 3 weeks. Another remaining one was a vinblastine-related
treatment for high-risk patients with early childhood embryonal brain tumors, choroid plexus cancers, high-grade gliomas
or ventricular meningiomas, with a median progression-free survival rate of 30.8%. In addition to the above two trials,
the others among the 6 clinical trials showed that the median progression-free survival rate roughly ranged from 80% to
90% and were sometimes even higher when chemotherapy was combined with radiotherapy. The statistical analysis
performed on 41 trials with high incidence of serious adverse reactions and other adverse reactions revealed that the main
serious adverse reactions were granulocytopenia or neutropenia and fever (13), while the main other adverse reactions
were fatigue (9), granulocytopenia or neutropenia and fever (12).

Analysis of the Results of Clinical Trials Related to Camptothecin

A total of 33 anti-tumor clinical trials involving camptothecin and showing results were performed, and involved 14
different types of cancers. In contrast to vinblastine, camptothecin is mostly used in the treatment of gastro-esophageal
cancer (8), colorectal cancer (7), lung cancer (5) and gliomas (5). Camptothecin was also involved in clinical studies on
the treatment of pancreatic cancer (4), rhabdomyosarcoma (3), solid tumors (2) and other tumors.

Since the anti-tumor mechanism of camptothecin was revealed in the 80s, the mechanism of action and conforma-
tional relationships of camptothecin and its derivatives have been studied more intensively, leading to a significant
progress nowadays.*” Irinotecan belongs to the water-soluble semi-synthetic derivatives of camptothecin, in the form of
hydrochloride trihydrate, and is the first specific topoisomerase I inhibitor. Twenty-six trials involved irinotecan among
the 33 trials with results. A phase 2 trial confirmed that the simultaneous inhibition of epidermal growth factor receptor
(EGFR) and BRAF combined with irinotecan is effective in colorectal cancer with the brafv600e mutation.** In addition,
clinical data suggested that irinotecan was used to treat pancreatic cancer, glioma, rhabdomyosarcoma, lung cancer,
gastric cancer, esophageal cancer, biliary tract cancer, solid tumors, hepatoblastoma, neuroblastoma, pinealoblastoma,
ganglion neuroblastoma, and tumors of the central nervous system. In addition, trials in this investigation involved
CRLX101 (5), topotecan (2), DS-8201a (1) and NKTR-102 (1). CRLX101, also known as IT-101, is a camptothecin/
polyethylene glycol-cyclodextrin nanomedicine currently in Phase II clinical studies. The results of the NCT03531827
trial suggested that a regimen of NLG207 (formerly CRLX101) co-administered with enzalutamide is effective for
enzalutamide-resistant preclinical prostate cancer patients.** However, NLG207 12 mg/m2 in combination with enzalu-
tamide was not well tolerated in patients with metastatic castration-resistant prostate cancer (mCRPC) following several
lines of the standard of care therapy.*> Topotecan was approved for marketing by the US FDA in 1996 and is used in the
treatment of colon and ovarian cancer. The 2 studies (NCT00057837, NCT01803269) related to topotecan were both on
small cell lung cancer, although none of these two trials published the results at this time. DS-8201a, also known as
T-DXd or Enhertu, consists of three components: a humanized anti-HER2 antibody, an enzyme cleavage linker, and
a comedogenic analogue topoisomerase I inhibitor (DXd); this is the first FDA-approved drug targeting HER2 mutations
in non-small cell lung cancer. A Phase I, multicenter, non-randomized, open-label, multi-dose research trial showed
promising results using T-DXd in solid tumors expressing or carrying a mutated HER2 (NCT02564900). Results from
a phase 1 clinical trial using trastuzumab deruxtecan (DS-8201) showed a promising effect in solid tumors expressing
HER2 or carrying the mutant form of it.*® NKTR-102 is a polyethylene glycol conjugate of irinotecan, which is
structurally modified by coupling a 4-arm polyethylene glycol to the hydroxyl group of irinotecan. A Phase II, single-
arm, open-label study on NKTR-102 in bevacizumab-resistant high-grade gliomas (NCT01663012) was completed, but
no results have been published.

The median progression-free survival in patients treated with camptothecin-related compounds was more than 2
months. The data on progression-free survival ranged from a low value of 0% (ie, all patients experienced disease
progression) to 55% or more. The 33 clinical trials listed up to 25 serious adverse reactions, mainly diarrhea (3),
neutropenia (2), thrombosis (2), seizures (2) and death (2). Other adverse reactions were predominantly anemia (12),
neutropenia (7) and fatigue (4).

Analysis of the Results of Other Monomers-Related Clinical Trials
Homoharringtonine is one of the main active ingredients in plants of the family Cephalotaxus, such as Cephalotaxus
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sinensis, and it shows a significant anti-tumor activity.*” It became the first new anti-leukemia drug recommended for
clinical application in China in the 70s. Omacetaxine mepesuccinate, a semi-synthetic compound of homoharringtonine,
has also been approved in the market by the FDA in 2012 for the treatment of patients with chronic myeloid leukemia
resistant to tyrosine kinase inhibitors.***’ Eight of the nine clinical trials involving homoharringtonine applied this drug
in different types of leukemia, with two phase II trials (NCT00462943 and NCT00375219) demonstrating that ~’sub-
cutaneous administration of omacetaxine mepesuccinate may provide clinical benefit in patients with chronic-phase CML
who are refractory or intolerant to treatment with multiple tyrosine kinase inhibitors™° and that “omacetaxine mepe-

3! respectively. The two

succinate may provide safe and effective treatment in patients with CML with T3151 mutations
clinical trials used the overall hematological response rate as the first primary outcome measure to study the efficacy of
homoharringtonine in patients with advanced CML, and in patients with CML with the T3151 mutation. Both results
suggested that homoharringtonine is more effective in patients with CML in the chronic phase. The results of these two
clinical trials also showed that the median overall hematological response rates for all participants were 41.0% and
59.2%. The dominant serious adverse reaction was reduction of granulocytes or neutrophils and fever caused by this
reduction (5), in addition to pneumonia (1), sepsis (1), death (1), and atrial flutter (1). Other adverse reactions were
thrombocytopenia (3), reduction of granulocytes or neutrophils and fever caused by this reduction (2), anemia (1), fatigue
(1), vomiting (1) and respiratory failure (1).

Curcumin is a natural polyphenol monomer used in TCM, derived from the rhizome of the ginger family and araceae
family. Previous studies found that curcumin possesses a variety of pharmacological properties such as anti-tumor,
antibacterial, anti-inflammatory and antioxidant effects.’>>* Currently, two clinical trials show results. One of them is
a phase II trial using curcumin in patients with advanced pancreatic cancer, which has been completed and the results are
available (NCT00094445). The six-month survival rate of patients was 15.9% after 8 weeks of curcumin, and the main
serious adverse effects and other adverse effects were anorexia and edema, respectively. The remaining one was a pilot
study on curcumin with or without piperine in patients with multiple myeloma (NCT00113841). The combination of
curcumin and piperine significantly reduced the percentage of NF-kB protein expression compared with the effect of
using curcumin alone. No serious adverse reactions occurred to the patients in this trial, while other adverse reactions
were mainly constipation.

Genistein is an isoflavone compound mainly found in leguminous plants such as soybeans, kudzu root, and yam root.
A total of 7 genistein tests were included in the discussion scope of this article, with 6 being in phase 2 and 1 being in
phase 1/2. Two trials published their results in journals: the first one was a phase II trial on isoflavone G-2535 as a cancer
chemopreventive biomarker in preoperative patients with bladder cancer. It revealed that “genistein showed a potential
bimodal effect in epidermal growth factor receptor (EGFR) phosphorylation of bladder cancer tissue (more effective at
low doses), which should be further evaluated and may be used in combination with other drugs” (NCT00118040).>* The
other one was “genistein in combination with FOLFOX or FOLFOX-bevacizumab in metastatic colorectal cancer”. It
concluded that “the addition of genistein to FOLFOX or FOLFOX-bevacizumab is safe, tolerated and has a significant
therapeutic effect, which deserves validation in a larger clinical trial” (NCT01985763).% Since 2 of the 7 trials had 0
participants, the results were not available. The status of the other 5 studies was the following: 1) One used the number of
adverse events and percentage change in tumor size as the main indicators of effectiveness, thus showing that patients
who received genistein in combination with chemotherapy experienced varying degrees of adverse events, with the
highest number of grade 1 adverse events and the lowest number of grade 3 adverse events, while the median change in
tumor size was —43.0%. 2) Another trial used tissue content of calcitriol as the first primary outcome measure. The
average levels of the treatment group and control group are 0.057ng/mL and 0.045ng/mL. 3) The third trial observed
a 0.5% change in the percentage of Ki-67 expression in the tissues of all participants compared to the baseline after
a pharmacological intervention, while the control group using placebo showed a change of 1.0%. In addition, four more
“probably related toxic events” were observed in the treatment group than in the control group. 4) The fourth clinical
study used the degree of phosphorylation of EGFR in tumors and benign tissues as the primary indicator of efficacy. The
analysis of the combination of the two treatment groups in the trial showed that 67.57% of the tumors showed a strong
phosphorylation of EGFR, while 18.92%, 13.51%, and 0.00% of the tumors showed a moderate, weak, and negative
phosphorylation, respectively, whereas 93.33%, 0.00%, 6.67%, and 0.00% of the tumors of the control group showed

2012 e Drug Design, Development and Therapy 2024:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Lv et al

a phosphorylation of EGFR, in a strong to weak degree in descending order. Similarly, the results showed that the
phosphorylation of EGFR in the benign tissue in the treatment group was 4.55% strong, 27.27% moderate, 54.55% weak
and 13.64% negative, while in the control group, the results were slightly different: 0.00% strong, 33.33% moderate,
44.44% weak and 22.22% negative. 5) The fifth clinical trial used the number of survived patients and the median overall
survival as the primary outcome measures. The results showed that 10 patients survived and the median overall survival
for the treatment group was 6.3 months. Participants in 4 of the 7 clinical trials experienced serious adverse reactions,
particularly with neutrophils, supraventricular tachycardia, atrial fibrillation, and nausea. Other adverse effects were
observed in all trials and were related to emergency right inguinal repair, rash, fatigue, elevated blood urea nitrogen
(bun), hypertension, abdominal pain, and metabolic and nutritional disturbances.

Psoralen has photosensitizing activity and is usually used in conjunction with long-wave ultraviolet irradiation in the
treatment of tumors, known as photochemotherapy (PUVA, Psoralen Ultra-Violet A). There is currently one preliminary
study on pegylated interferon-a-2b in combination with PUVA in cutaneous T-cell lymphoma that was completed
(NCT00724061), and its available results showed a dose-limiting toxicity grade of 0 for the dosing regimen. The data
available for this trial showed that the main serious and other adverse reactions in participants were ventricular
tachycardia, and fatigue. Extracorporeal photopheresis (ECP) therapy is an immunomodulatory therapy involving the
separation of leukocytes from the patient’s peripheral blood, which were treated with PUVA in vitro, and then these
processed leukocytes were injected back into the patient body to produce an immunosuppressive effect. Another
completed phase 2 trial was on the effects of pentostatin administered prior to donor bone marrow transplantation in
combination with ECP therapy and total body irradiation in the treatment of patients with myelodysplastic syndromes
(NCT00045305). It used the median complete response rate as the primary indicator of efficacy and achieved a final
result of 35.3%. The main serious adverse reactions and other adverse reactions observed in this clinical trial were
leukopenia and anemia, respectively.

The primary outcome measures of the two trials on epigallocatechin gallate were “sustained reduction in m-protein of
> 25% from the baseline” and “epigallocatechin gallate levels in non-malignant bladder tissue”. In the first trial, no
patients had sustained reductions of > 25% in m-protein relative to baseline (NCT00942422). In the second study, the
mean epigallocatechin gallate level in the non-malignant bladder tissue of patients who underwent polyphenol E+
transurethral resection or cystectomy was 1.72 ng/mL (NCT00666562). However, the mean epigallocatechin gallate
level in the non-malignant bladder tissue of patients treated only with polyphenol E+ placebo was 0.50 ng/mL. In
addition, the main serious adverse reaction and other adverse reactions in the former trial were hyperglycemia, and no
serious adverse reactions were observed in the second trial, in which the other adverse reaction was headache.

The scientists investigating resveratrol used the number of subjects experiencing adverse events and serious adverse
events as the first primary outcome measures. The results of only one trial showed that the probability of adverse events
was 100% regardless of whether resveratrol (under the name of SRT501) was combined with another drug, whereas the
probability of a serious adverse event decreased by almost 17% with SRT501 in combination with bortezomib compared
to no combination. Its main serious adverse reactions and other adverse reactions were acute renal failure and nausea,
respectively. In addition, a phase 2 study showed that the safety and efficacy of SRT501 for the treatment of patients with
recurrent and/or refractory multiple myeloma are not optimistic.”®

The results of the studies on genistein, curcumin, psoralen, epigallocatechin gallate, and resveratrol are briefly
statistically presented in Table 2.

Discussion

Unique TCM has played a non-negligible role in the treatment of many diseases in the last decade.”’ >’ Monomers,
which are the material basis of the medicinal effect of TCMs, have a clear chemical structure and numerous pharma-
cological activities.®®® In particular, their positive anti-tumor therapeutic effect has attracted the attention of researchers
all over the world, and has gradually become the focus of new drug research and development, with an increasing
number of clinical trials. By collating and analyzing all clinical trials recorded on Clinicaltrial.gov under specific search
conditions, this work found that the number of interventional anti-tumor TCM monomeric clinical trials registered
worldwide reached 1982 as of April 30, 2023, showing an increasing trend. However, the United States and its institution
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Table 2 Partial Results of Anti-Cancer Clinical Trials of TCM Monomers (Genistein, Curcumin, Psoralen, Epigallocatechin Gallate, and

Resveratrol)
Name of Traditional Primary Outcome Measure |
Chinese Medicine . K
Monomer NCT Conditions Title Treatment Group Control
Number K Group
unit of measure
Genistein NCTO01985763 Colorectal Cancer Number of adverse events Grade |: 250 N/A
] Grade 2: 119
Unit of Measure: events Grade 3: 24
Grade 4: 0
Genistein NCTO01325311 Prostate Tissue Levels of Calcitriol 0.057 (0.150) 0.045 (0.127)
Adenocarcinoma Between the Placebo and
Cholecalciferol/Genistein
Arms
Unit of Measure: ng/mL
Genistein NCTO01126879 Adenocarcinoma of Number of Circulating 0 0
the Prostate Prostate Cells (CPCs) in
the Blood
Unit of Measure: Number
of Participants Analyzed
Genistein NCT01036321 Prostate Cancer Median Change in Percent All participants: All
Ki-67 From Baseline 0.5 participants:
Unit of Measure: (0.0 0 20) 0
Caucasian male: (0.0 to 6.0)
percentage of tumor cells 10 Caucasian
(0.0 to 2.0) male:
African American: 1.0
0.3 (0.0 to 6.0)
(0.0 to 0.5) African
American:
1.0
(1.0 to 1.0)
Genistein NCTO0O01 18040 Recurrent Bladder Phosphorylation of Treatment Group I: Strong: 93.33
Carcinoma epidermal growth factor Strong: 52.63 Mild: 0.00
receptor (EGFR) in tumor Mild: 21.35 Weak: 6.67
tissue Weak: 26.32 Negative:
Negative: 0.00 0.00
Unit of Measure:
Treatment Group 2:
percentage of. pEGFR Strong: 83.33
strength signal Mild: 16.67
Weak: 0.00
Negative: 0.00
Treatment group |+2:
Strong: 67.57
Mild: 18.92
Weak: 13.51
Negative: 0.00
(Continued)
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Table 2 (Continued).

Name of Traditional
Chinese Medicine

Monomer

Primary Outcome Measure |

NCT
Number

Conditions

Title

unit of measure

Treatment Group

Control

Group

Genistein

NCT00376948

Pancreatic Cancer

Patients Alive

Unit of Measure:

participants

N/A

Genistein

NCT00244933

Breast Cancer

Objective Response Rate
by RECIST Criteria

Following

Unit of Measure:

participants

N/A

Curcumin

NCTO001 13841

Multiple Myeloma

Percentage change in NF-
kB protein expression
after 4 weeks of

treatment

Unit of Measure: Percent
reduction (Standard

Deviation)

Curcumin group: 21
@37)
Curcumin + Bioperine
group: 37 (25)

N/A

Curcumin

NCT00094445

Pancreatic Neoplasms

6-Month Participant

Survival

Unit of Measure:

Participants

7 (15.9%)

N/A

Psoralen

NCT00724061

Lymphoma

Number of Dose Limiting
Toxicities (DLTs)
Observed During Dose
Escalation of PEG-IFN-o-
2b

Unit of Measure: dose

limiting toxicities

N/A

Psoralen

NCT00045305

Leukemia

Complete Response Rate

Unit of Measure:
percentage of participants
(90% Confidence Interval)

353
(16.6 to 58.0)

N/A

Epigallocatechin Gallate
(EGCG)

NCT00942422

Multiple Myeloma and
Plasma Cell Neoplasm

Sustained M-protein
Reduction of = 25% From

Baseline

Unit of Measure:

percentage of patients

N/A

(Continued)
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Table 2 (Continued).

Name of Traditional Primary Outcome Measure |
Chinese Medicine . K
NCT Conditions Title Treatment Group Control
Monomer
Number R Group
unit of measure
Epigallocatechin Gallate NCT00666562 | Stage | Bladder Cancer Epigallocatechin Gallate Arm Il (800mg Arm |
(EGCG) (EGCQG) Levels in Polyphenon E, (Placebo):
Nonmalignant Bladder Placebo): 0.00 (0.00)
Tissue 0.50 (1.42)
Unit of M . Arm Il (1200mg
t :
nit of Feasure: ng'm Polyphenon E): 1.72
(Standard Error)
(3.11)
Resveratrol NCT00920556 Multiple Myeloma Number of Participants SRT501+Bortezomib: SRT501
With Adverse Events AE: 9 (100.0%) Monotherapy:
(AEs) and Serious SAE: 3 (33.3%) AE:24
Adverse Events (SAEs) (100.0%)
Unit of M SAE:12
t :
nit of Measure (50.0%)
Participants

Notes: The Clinical trial results in the table were obtained at https://clinicaltrials.gov/. In addition, the table selects the first primary outcome measure for each study. N/A
means Not applicable.

Abbreviations: TCM, traditional Chinese medicine; NIH, the National Institutes of Health; FDA, Food and Drug Administration; ICMJE, the International Committee of
Medical Journal Editors; cHL, classical Hodgkin’s lymphoma; ICD-11, the international Classification of Diseases | Ith Revision; ABVD, doxorubicin, bleomycin, vinblastine,
dacarbazine; MVAC, methotrexate, vinblastine, doxorubicin, cisplatin; AVD, adriamycin, vinblastine, and dacarbazine; Stanford V, doxorubicin, methylethylamine, vinblastine,
vincristine, bleomycin, etoposide, and prednisone; CVT, cisplatin, vinblastine, temozolomide; EGFR, epidermal growth factor receptor; bun, blood urea nitrogen; PUVA,
psoralen ultra-violet A; ECP, extracorporeal photopheresis; NMPA, National Medical Products Administration of China; NSCLC, non small cell lung carcinoma; N/A, Not
applicable.

have undertaken the highest number of interventional anti-tumor trials both in terms of regional distribution and
sponsors/collaborators. This means that China still has a lot of room for progress in promoting the registration of clinical
trials on anti-tumor TCM monomers. It is worth noting that in recent years, the Chinese government has issued a series of
measures to support the development of TCM, including the Law of the People’s Republic of China on TCM, Several
Policies and Measures on Accelerating the Development of TCM, and the 14th Five-Year Plan for the Development of
TCM. The Chinese research and development environment on TCM monomers will be greatly improved with the strong
support of national policies, which is conducive to the research and development of new drugs based on TCM monomer.

The phases of the collected clinical trial showed that nearly half of the interventional anti-tumor clinical trials involve
a phase 2 stage, but the number of phase 1 clinical trials is only a third of that of phase 2 trials, which may be due to the
following reasons: 1) some phase 1 clinical trials were performed during a short period of time, which may last even
a few months, resulting in the failure to register in a timely manner; 2) the results of some phase 1 clinical trials failed to
meet investigators’ expectations, leading to the failure to register these trials; 3) a larger number of phase 1 clinical trials
had good results and could be continued, leading to an increase in the number of phase 2 trials. On the other hand, the
number of phase 3 trials is much lower than that of phase 2 trials, perhaps because phase 3 trials, as the final stage of the
clinical development process, are not only the most time-consuming and difficult, but they also require a significant
financial investment. Phase 4 clinical trials are post-market studies performed by the applicant to further monitor and
evaluate the drug to ensure its long-term safety and efficacy. The smallest number of phase 4 clinical trial registrations
may also be related to the willingness of applicants. In addition, the number of trials with clinical phases 1/2 and 2/3 were
9.25% and 1.93%, respectively. This suggests that even a small number of researchers chose a joint study approach in
designing their trials, seamlessly linking two consecutive phases, during which adjustments are made to the trial program
through dynamic analysis. All this is to achieve a reduction in the overall sample size, an effective reduction of the
research cycle, and a savings of the associated resources and costs. Such a trial protocol with continuous phases can lead
to faster and less expensive drug development and may represent another option for subsequent clinical trial researchers.

2016

Dove!

Drug Design, Development and Therapy 2024:18


https://clinicaltrials.gov/
https://www.dovepress.com
https://www.dovepress.com

Dove Lv et al

Although 131 anti-tumor TCM monomers were counted, only 52.67% of them entered the clinical trials, and less than
30 cases entered the interventional anti-tumor trials. This suggests that although many TCM monomers showed good
anti-tumor activity in preclinical studies, they did not enter clinical trials for the time being due to a variety of reasons,
such as low bioavailability,** certain toxic effects,’” and anti-tumor mechanisms that are not yet fully defined. For

66,67

example, the low bioavailability of baicalin limits its therapeutic effect; the water solubility, low bioavailability, low

68,6

blood concentration, and oral absorption of ginsenosides limit their clinical application;**® and toosendanin causes liver

cell death in rats and has a certain toxic effect.””’! However, these problems can be solved by performing a structural

modification of the monomers, >’

changing the dosage form, and using them in combination with other drugs, so that
more TCM monomers can enter the clinical trial stage.

Vinblastine is difficult to be directly used in clinical treatment due to myelosuppression, myalgia, mild to moderate
nausea and vomiting, and large doses causing mucositis and painful glossitis. Therefore, it is often used in combination
with other drugs in the treatment of clinical cancer. Camptothecin binds to the Top I gene to form a “drug-Topo
I-DNA” ternary complex, leading to DNA single-strand breaks and preventing DNA replication, thus exerting anti-
tumor effects.”* However, the natural product camptothecin shows some problems such as poor water solubility and
poor selectivity, leading to a random targeting.”*’> In recent years, researchers have sought to develop related
derivatives through structural modification to overcome these problems, and have made some progress. Of the 5
camptothecin derivatives, both irinotecan and topotecan were approved by FDA. Moreover, DS-8201 was considered
as a new star in the anti-cancer field with significant therapeutic effects on HER2-positive tumor patients. It was
rapidly approved by the US FDA, as well as by the National Medical Products Administration of China (NMPA) for
official listing in China on February 21, 2023. NKTR-102, as a polyethylene glycol conjugate of irinotecan, has better
anti-tumor effects and higher safety, making it a promising drug. CRLX101 was identified in a clinical trial on the
treatment of lung cancer as a viable combination drug strategy with extremely low toxicity and side effects.”®’” Thus,
it is a promising camptothecin derivative. Structural modification, change of dosage form and combination of drugs to
solve the drawbacks of the current anti-tumor monomer are conducive to speeding up the research and development of
anti-tumor TCM monomer.

Although more efforts are needed to promote the introduction of TCM monomers into clinical trials, there are
still some monomers in clinical research worth looking forward to. Minnelide is a water-soluble derivative of
Triptolide A, which is a promising new anti-pancreatic cancer drug currently in phase II evaluation
(NCT04896073); a concurrent phase 1 trial using Minnelide in combination with osimertinib is also ongoing in
patients with EGFR-mutated NSCLC (non small cell lung carcinoma) (NCT05166616). In addition, a phase I/II
investigational clinical trial on the tolerability, safety, and efficacy of curcumin liposomes in combination with
radiotherapy and temozolomide is ongoing in the treatment of patients with newly diagnosed high-grade gliomas,
being in the phase of recruiting (NCT05768919).

This study has some limitations. The first is the limitation in the information of the trials in the ClinicalTrials.gov
database. On the one hand, some clinical studies may be registered on other platforms (including China Clinical Trial
Registration Center, European Union Clinical Trials Register, and University Hospital Medical Information Network
Center Clinical Trials Registry); thus, a small number of clinical trials are not registered and enrolled in this database and
information is not available even though the ClinicalTrials.gov database includes most of the clinical trials from all over
the world.”® On the other hand, research information may be missing in some trials.”® Second, the ClinicalTrials.gov
database does not have an indication classification for drug item, and the use of ICD-11 to classify the indications for
drugs in this study is somewhat subjective. Third, the manual search of all clinical trials on anti-tumor herbal monomers
may be potentially subjected to selection bias. Fourth, some clinical trials involve multiple intervention types and may be
performed in multiple locations, with multiple sponsor/collaborators. Therefore, data processing would become extre-
mely complex if all data were included in the analysis. Considering this, this study chose to prioritize the first set of data
for statistical analysis to obtain a general understanding of the trends, although this approach may result in discrepancies
between the statistical data and actual outcomes.
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Conclusion

As of 2023, the number of clinical trials on anti-tumor TCM monomers shows an increasing trend, and Lymphoma is
a key type studied by anti-tumor trials of TCM monomers. Monomers such as vinblastine and camptothecin have been
used in clinical practice for a long time. However, most of the anti-tumor monomers did not yet enter the clinical
research, which is still a problem to be solved. In the future, researchers can consider improving this situation through
structural modifications, combination therapy and other methods. At present, the clinical research on anti-tumor
monomers in China is slightly backward. However, the strong support of national policies, the research and development
level of Chinese enterprises, universities and other institutions will continue to improve, and the research and develop-
ment on TCM monomers will achieve more results.
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