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Abstract

Background Cancer remains a major global health concern, with conventional treatments often limited by side
effects and resistance. Bojungikki-tang (BJIKT), a traditional herbal formula, has shown promise in alleviating cancer-
related symptoms and enhancing anti-cancer effects when combined with conventional treatments. As immune
checkpoint inhibitors (ICls) have become the standard for cancer treatment, a combination of BJIKT and ICls may
exhibit immune-mediated anti-cancer effects. This review aims to summarize the recent evidence on BJIKT use in can-
cer treatment, investigate its immunomodulatory effects, and identify research gaps.

Methods This review was conducted and reported following the Arksey and O’'Malley framework and the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis Scoping Review. A comprehensive search of six electronic
databases was conducted, and studies published between 2013 and 2022 were identified. Reports on oral administra-
tion of BJIKT to patients with cancer were included and analyzed by two reviewers. The extracted data were synthe-
sized using descriptive reporting and meta-analysis.

Results Overall, 56 studies met the inclusion criteria: 36 human studies, 14 experimental studies, and 6 reviews

on clinical and preclinical investigations. The use of BJIKT in restoring immune function and improving fatigue, cancer-
related fever, and quality of life after chemotherapy has been reported in clinical studies. The different medication
forms of BJIKT included decoction, extract granules, pills, and water extract. The meta-analysis revealed a significantly
higher Karnofsky Performance Scale score in the BJIKT plus chemotherapy group than in the chemotherapy alone
group. Preclinical studies have demonstrated that BJIKT has anti-cancer effects, enhances gastrointestinal function
and immunomodulatory effects, and supports favorable chemotherapy outcomes.

Conclusion In recent clinical research on BJIKT, its impact on fatigue, quality of life, and alleviating cancer-related
fever has mostly been examined. The direct anti-cancer activities and immunomodulatory mechanisms of BJIKT have
been reported in preclinical studies; however, clinical research on BJIKT-induced enhancement of immune func-

tion is lacking. Further research on the efficacy and safety of ICl combined with BJIKT and the association of immu-
nomarker changes with clinical outcomes is required to precisely identify the effect of BJIKT on immune system
modulation.
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Background

Cancer is a major public health concern worldwide.
The mortality rates of cancers with a high incidence
are decreasing in high-income countries but increasing
in low- and middle-income countries. Approximately
24.5 million new cancer cases and 9.6 million cancer-
related deaths were recorded in 2017 [1]. Cancer treat-
ment has evolved over the last quarter-century, with
cytotoxic chemotherapy regimens and targeted anti-
cancer drugs becoming the standard of care [2]. How-
ever, the side effects of these drugs have necessitated
the use of additional treatments. Herbal medicine, a
typical treatment modality in East Asian medicine, has
been explored as a potential adjuvant approach during
conventional cancer treatments such as chemotherapy,
radiotherapy, or targeted therapy to enhance efficacy
and improve complications and post-operative symp-
toms [3-6].

In recent decades, immune checkpoint inhibitors
(ICIs) have emerged as a new paradigm in cancer
therapy to treat solid tumors by activating the immune
response against tumor cells that have evaded the
patient’s immune system [7]. However, low response
rates owing to resistance and treatment-related toxic-
ity have limited the clinical use of ICIs [8]. Currently,
other treatment modalities are being explored to
enhance the therapeutic benefits of ICIs and overcome
these limitations [9]. Considering the adverse effects
of conventional drugs in combination with ICIs [9, 10],
the potential of using herbal medicines adjunctively in
cancer treatment needs to be explored.

Bojungikki-tang (BJIKT) is one of the most com-
monly used herbal medicines for patients with cancer
[11]. It alleviates cachexia, cancer-related anorexia
[12], and fatigue and improves quality of life [13]. It
is also known for its anti-cancer and immunomodu-
latory activities, inhibiting cancer cell growth and
enhancing immunity, as supported by preclinical find-
ings [3, 14—17]. In a recent study, BJIKT enhanced the
effects of programmed death 1 (PD-1) blockade [18].
Furthermore, in a previous meta-analysis of rand-
omized controlled trials (RCTs), BJIKT combined with
conventional treatment resulted in higher objective
response and disease control than conventional treat-
ment alone [19]. However, a comprehensive analysis
of the evidence supporting BJIKT use in cancer treat-
ment, including experimental and clinical studies,
particularly those focusing on its immunomodulatory
effects, has not been reported. Therefore, in this study,
we aimed to comprehensively review the evidence sup-
porting the use of BJIKT for treating cancer and its
specific mechanisms of action in the immune system.
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Materials and methods

Study design

This scoping review was conducted to collect various
data and analyze the types of evidence, data sources,
and research gaps. This review adhered to the meth-
odology of Arksey and O’Malley [20] and the Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis checklist (see Additional file 1, 2) [21]. We also
referred to the Joanna Briggs Institute methodology
for scoping reviews [22]. The review protocol was reg-
istered with the Open Science Framework (https://osf.
io/9j2sn) on December 5, 2022. This review was com-
pleted without amendments to the protocol. The review
steps are as follows:

Step 1: Identifying the research question

The researchers (EC, SWN, and MK]) agreed to focus
on the immune-related actions of BJIKT and its thera-
peutic effects on cancer. The research questions were:
“What is the reported efficacy of BJIKT against cancer?”
and “How does BJIKT affect the immune system”?

Step 2: Identifying relevant studies

We searched MEDLINE using PubMed, the Cochrane
Central Register of Controlled Trials, the Oriental Medi-
cine Advanced Searching Integrated System, the Korean
Studies Information Service System, the Research Infor-
mation Sharing Service, and the China National Knowl-
edge Infrastructure. The search, which was conducted
on December 5, 2022, covered terms such as “cancer®,
“carcinoma*,” “neoplasm*’ “tumor*’ “Bojungikki*, “Bu-
Zhong-Yi-Qi*” “Buzhongyiqi*,” “Hochu-ekki-to,” and “T7J-
41” (see Additional file 3). The search period was set to
the last decade (January 2013 to December 2022) to cap-
ture recent research trends.

Step 3: Study selection

We established the literature selection criteria through
discussions among the researchers. The inclusion criteria
for this scoping review were defined based on the P-I-
C-O-S structure: (1) Participants: patients with cancer;
(2) Intervention: oral administration of BJIKT, regard-
less of formulations such as decoctions and extracts; (3)
Comparison: Not limited; (4) Outcome: Not limited;
and (5) Study design: Not limited. We included preclini-
cal studies, clinical studies, and reviews and analyses of
secondary data sources. The search was limited to arti-
cles written in English, Chinese, or Korean. We excluded
studies in which BJIKT was used in combination with
interventions other than conventional care, such as acu-
puncture and other herbal medicines. Reviews of classic
texts or experts’ personal experiences were also excluded.
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After removing duplicate articles, the titles and
abstracts of identified studies were screened for rel-
evance. The full texts of the relevant articles were care-
fully reviewed for inclusion and exclusion criteria. Two
authors (EC and SWN) independently selected the stud-
ies, and disagreements were resolved through group dis-
cussions with a third reviewer (MK]J).

Step 4: Charting the data

We developed a predefined data extraction form using
Microsoft Excel. Two authors (EC and SWN) indepen-
dently conducted pilot charts of three included arti-
cles and reviewed the data extraction form. The form
included publication year, first author, article title, lit-
erature type (including journal article, dissertation, and
textbook), country where the study was conducted, lan-
guage, study design, types of cancer, treatment modali-
ties for cancer, comparison, outcome measures, primary
outcomes, and reported immune-related effects. The
two authors (EC and SWN) charted the data, and MK]
checked the extraction.

Step 5: Collating, summarizing, and reporting the
results

Tables were used to summarize the overall research
trends of the included studies. A meta-analysis was con-
ducted by extracting studies with identical outcomes
between the intervention and control groups by tabulat-
ing study characteristics. The clinical efficacy of BJIKT
was assessed using meta-analysis and presented as plots
using Reviewer Manager (version 5.4). The mean dif-
ferences (MD) of continuous data and their 95% confi-
dence intervals (CI) were calculated. Heterogeneity was
assessed using I? statistics. A fixed-effects model was
used when I was<50%; otherwise, a random-effects
model was used. The risk of bias was independently
assessed by two researchers (EC and MK]J) and catego-
rized as ‘low; ‘unclear; or ‘high’ risk of bias using the
Cochrane Collaboration Risk of Bias Assessment tool
[23]. Due to the small number of studies included in the
meta-analysis, subgroup and sensitivity analyses and
publication bias and small study effect assessments were
not conducted. The immunomodulatory effects of BJIKT
in preclinical and clinical studies were categorized and
presented as a figure. Finally, we discussed the research
questions and implications of our findings for future
studies.

Results

Study selection

The initial search yielded 121 records after excluding
duplicates. During the first screening, 24 records that did
not meet our criteria and one that was not retrieved were
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excluded. During the second screening, 96 potentially
relevant records were reviewed for full text. Finally, 56
studies were included in this review (Fig. 1).

Among the 56 included studies, 36 were human stud-
ies, including reviews of clinical studies and secondary
data analyses, 14 included experimental data, and 6 were
reviews of preclinical and clinical studies (3 from China
[4, 5, 24], 2 from Japan [11, 25], and 1 from Germany
[12]). Of the 56 reports, 29 were published in English,
22 in Chinese, and 5 in Korean. Thirty studies were con-
ducted in China, 14 in Japan, 9 in the Republic of Korea,
2 in Taiwan, and 1 in Germany (see Additional file 4).

Findings from preclinical studies

The literature included 20 preclinical studies (11 experi-
mental studies, 8 literature reviews, and 1 study on net-
work pharmacology). The experimental studies included
5 in vivo studies [26-30], 5 in vitro studies [31-35], and
1 study that included both types of experiments [36].
Among these experimental studies, 6 were conducted in
China [26, 28, 29, 33, 35, 36], 3 in the Republic of Korea
[27, 30, 31], and 2 in Japan [32, 34].

Therapeutic actions of BJIKT in cancer treatment

BJIKT has demonstrated anti-cancer effects, primarily
through the modulation of immune responses and direct
anti-cancer activities. Its ability to inhibit proliferation
and induce apoptosis in various cancer cell lines, such as
hepatocellular carcinoma (Hep3B, HepG2, and HA22T),
while exhibiting minimal effects on normal cells, has
been reported in studies. This finding suggests its poten-
tial for selective cancer targeting [11, 31].

In addition to its anti-cancer properties, BJIKT
enhances gastrointestinal function by improving motility
and nutrient absorption, as evidenced in a CT-26 colon
cancer cell-injected mouse model. It also exhibits signifi-
cant immunomodulatory effects, as evidenced by its abil-
ity to prevent neutrophil count reduction and increase
red blood cell count and hemoglobin levels [27]. In
another study, BJIKT decreased tumor weight, increased
median survival time, and increased body weight in a
4T1 breast cancer cell mouse model [28]. Furthermore,
BJIKT increased the immune index to normal levels in
splenectomized mice [37].

The role of BJIKT in supporting chemotherapeutic out-
comes, such as cisplatin resistance, by promoting intrin-
sic apoptotic pathways and autophagy in combination
with cisplatin in A549/DDP human lung carcinoma cells
has been reported in another study [38]. Table 1 sum-
marizes the effects of BJIKT in preclinical experiments.
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Fig. 1 PRISMA flow chart for the study selection

Additional file 5 presents the composition of BJIKT used
in the experimental studies.

Findings from clinical studies

Clinical studies, excluding reviews, secondary data
analyses, and protocols, included 19 RCTs, 2 case
reports [39, 40], 1 prospective cohort study [41], and 1
case series [42]. Table 2 summarizes the details of the
included RCTs. In the cohort study [41], the efficacy
and safety of BJIKT were compared with those of high-
and low-dose Astragali Radix. Four trials have been
registered: 2 in Japan [43, 44], 1 in China [45], and 1
in Korea [46]. Two secondary data analyses have been
reported in Taiwan, indicating that BJIKT is a com-
monly used Chinese herbal medicine for treating lung
and colon cancers [47, 48]. Li et al. revealed that indi-
viduals using herbal medicine for lung cancer exhibited

Results reported elsewhere
(n=1)
Other language (n=1)

a lower mortality hazard ratio (0.48, p<0.001) and
higher cumulative survival probability (p <0.0001) than
non-users [48]. Seven reviews [6, 19, 49-53] of clinical
studies exist, one of which supplemented case presen-
tations [52].

Use of BJIKT in clinical studies

We analyzed 27 clinical studies, including RCTs, case
reports, prospective cohort studies, case series, and regis-
tered trials. The purposes of using BJIKT were to restore
immune function [55, 70], improve fatigue [38, 39, 41, 44,
56, 57, 59, 61, 62, 68, 70], alleviate adverse reactions and
enhance quality of life after chemotherapy [39, 60, 69],
alleviate cancer-related fever [54, 63—-66], improve dysp-
nea and general weakness [40], support physical strength
[42], reduce adverse reactions and increase compli-
ance with chemotherapy [67], improve clinical efficacy
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Hu (2013 79.667 14.016 30 69 17.879 30 5.2% 10.67[2.54,18.80] 2013
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( ) BJIKT+WM WM Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl _Year IV, Fixed, 95% CI
Lin {2018} 78.62 8.94 3z 702 8m 32 465% 8.42[410,12.74] 2018 ——
Ming {2020) 88.2 7.22 38 77 1014 36 53.5% 11.50([7.47 1553 2020 —i—
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Test for averall effect: Z=6.69 (F = 0.00001)

WM BJIKT+WM

Fig. 2 Forest plot for meta-analysis. A Forest plot of KPS between BJIKT and Indomethacin groups for cancer treatment. B Forest plot of KPS
between BJIKT plus WM and WM alone groups for cancer treatment. The position of the rectangle indicates the effect size and direction
of the individual study, and the size of the rectangle indicates the weight. The black diamond represents the effect size

and depression [58], and alleviate myeloproliferative
neoplasm-related symptoms [71]. The treatment dura-
tion ranged from 1 to 12 weeks. The medication forms of
BJIKT were decoction (n=17), extract granules (n=3),
pills (n=1), and water extract (n=1), which were not
reported in five studies (see Additional file 6).

Clinical efficacy and safety of BJIKT

In the 19 RCTs, the most common cancer type was gas-
tric cancer (n=9), followed by lung cancer (n=6) and
colorectal cancer (m=4). In 12 RCTs, BJIKT was admin-
istered in combination with Western medical therapy in
the intervention group. Among the 12 RCTs, 6 [56, 57,
59, 60, 67, 70] involved the use of BJIKT plus chemother-
apy in the intervention arm and chemotherapy alone in
the control arm. In five RCTs, only BJIKT was used in the
intervention group, with three RCTs involving the use of
indomethacin in the control group to assess the effect on
cancer-related fever [54, 63, 65], one involving the use of
a placebo (vitamin) in the control group [55], and one in
which no treatment was assigned to the control group
[71] (Table 2).

Meta-analyses conducted using identical treatment
and control groups and outcome measures yielded the
following results. In two studies (n=134; intervention
group =67; control group=67) [54, 63], results on the
Karnofsky Performance Scale (KPS) were reported. The
meta-analysis revealed a significantly higher KPS score
in the BJIKT group than in the indomethacin group
(MD=5.68, 95% CI [3.83-7.54]; p<0.00001, I*=34%)
(Fig. 2A). Four studies reported using BJIKT in combina-
tion with Western medicine (WM) or unspecified con-
ventional therapy [38, 61, 62, 68]. In two studies (n=138,

experimental group="70, control group=68) [61, 68],
the KPS results were compared between the BJIKT plus
WM and WM alone groups. The pooled analysis showed
a significantly higher KPS score in the BJIKT plus WM
group than in the WM alone group (MD=10.07, 95% CI
[7.12-13.02]; p <0.00001, I*=4%) (Fig. 2B). Notably, most
RCTs included in the meta-analyses had unclear risk of
bias domains, including unclear missing results (see
Additional file 7).

Safety analysis revealed diarrhea (n=1) [54] and nausea
and vomiting (n=1) [63] as adverse reactions to BJIKT
alone.

Immunomodulatory effects of BJIKT reported in preclinical
and clinical studies

Lymphocyte modulation and enhancement

In a 2014 study from Korea, Lee et al. [55] reported a sig-
nificant elevation in CD19(+) B cell counts in the periph-
eral blood of patients, indicating an enhancement of the
humoral immune response, which is crucial for adaptive
immunity. With further expansion of lymphocyte activ-
ity, Yamaguchi et al. [25] reported significant increases in
CD3(+) and CD3(+) CD4(+) cell counts in the periph-
eral blood of patients, contributing to improved immune
functionality and quality of life. In the same year, Kuchta
et al. [12] reported that BJIKT increased CD3(+) and
CD3(+) CD4(+) T cell counts in the peripheral blood of
patients and inhibited the production of pro-inflamma-
tory cytokines, such as tumor necrosis factor (TNF)-q,
interleukin (IL)-6, IL-10, tumor growth factor (TGF)-p
1, and interferon (IFN). Finally, Liu et al. [57] reported
a decrease in the percentage of CD3(+), CD4(+), and
CDS8(+) cells and an increase in the CD4(+)/CD8(+)
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ratio in the peripheral blood of patients with gastric can-
cer. Notably, Xu et al. [36] reported that BJIKT increased
the survival times and the percentage of CD4(+) and
CD8(+) T cells in a mouse forestomach carcinoma
(MEC) gastric cancer cell model.

Regulation of immune suppression and enhancement

Chao et al. [47] reported that BJIKT effectively prevented
surgical stress-induced immune suppression by main-
taining natural killer (NK) cell activity in the peripheral
blood of patients with gastrointestinal malignancies. In
an in vitro study, Kiyomi et al. [34] reported complex
immune regulation through decreased human peripheral
blood mononuclear cell proliferation, increased CD8(+)
T cell counts, suppression of regulatory T (Treg) cells,
and modulation of cytokines, including elevated levels of
IL-6, IL-17A, IFN-y, and TNF-a and decreased levels of
TGF-B. Shimizu et al. [42] reported that BJIKT restored
antitumor T-cell responses, maintained NK cell activ-
ity, and inhibited the production of proinflammatory
cytokines, particularly IL-6, in the peripheral blood of
patients. In mice with colon adenocarcinoma-induced
cachexia, BJIKT significantly reduced serum IL-6 levels
and IL-6 expression in macrophages in surrounding tis-
sues [12]. In addition, Lee et al. [7] reported that BJIKT
improves systemic inflammation and enhances overall
immunological capacity. These effects appear to result
from BJIKT enhancing the anti-cancer effect of gefitinib
in patients with advanced non-small cell lung cancer
(NSCLC) harboring an epidermal growth factor recep-
tor mutation, potentially delaying the acquired resistance
that limits gefitinib efficacy.

Tumor microenvironment and cancer therapy response

In a preclinical study by Wang et al. [24], BJIKT reversed
cisplatin resistance in lung cancer cells by inducing
apoptosis and autophagy and mitigated 5-fluorouracil-
induced intestinal mucositis in mice by suppressing the
upregulation of inflammatory cytokines, potentially
reducing the gastrointestinal side effects of chemother-
apy. In the clinical segment of the same study, BJIKT
was reported to protect organs against radiation dam-
age, ameliorate localized radiotherapy-induced immune
deterioration, and effectively manage the side effects
associated with cancer treatment. Further emphasiz-
ing tumor microenvironment management, Zhang et al.
[4] reported that BJIKT modulates peripheral immunity,
suppresses immune escape mechanisms in tumors, and
alleviates neuroinflammation and oxidative stress in the
hippocampus of a mouse model of chronic fatigue syn-
drome, underscoring its impact on peripheral and central
immune responses. In an in vitro study, BJIKT inhibited
proliferation and induced apoptosis in various cancer cell
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lines, such as hepatocellular carcinoma (Hep3B, HepG2,
and HA22T), while exhibiting minimal effects on nor-
mal cells [31]. In another in vitro study, BJIKT induced
intrinsic apoptosis pathways and activated autophagy in
A549/DDP human lung carcinoma cells [33]. In another
RCT, Luo et al. [69] reported that BJIKT decreased levels
of vascular endothelial growth factor and cytokines, such
as insulin-like growth factor-1 and TGE-f, frequently
implicated in cancer progression and immune suppres-
sion in postoperative patients with NSCLC after chemo-
therapy. Furthermore, BJIKT increased the proportion
of CD8(+) PD-1(+) T cells, decreased the number
of PD-1(+) Tregs, and inhibited programmed death-
ligand-1 (PD-L1) expression through the phosphatidylin-
ositol 3-kinase/protein kinase B (PI3K/AKT) pathway in
an MFC gastric cancer cell model [36]. In another pre-
clinical study, Chun et al. [30] reported that BJIKT sup-
pressed tumor growth and improved antitumor immune
responses to PD-L1 immunotherapies, such as ICIs, by
increasing the proportion of cytotoxic T lymphocytes
and NK cells in the tumor tissues of an MC38 colorectal
cancer cell mouse model (Table 3). Figure 3 illustrates the
immunomodulatory effects of BJIKT, suggested in pre-
clinical and clinical studies.

Discussion

In the present review, we explored BJIKT use in can-
cer treatment and gained a better understanding of its
immune-related effects and potential for future com-
binations with ICIs. We also identified a research gap
regarding BJIKT use in combination with ICIs, which
are currently emerging as a new paradigm in cancer
treatment.

Main findings and interpretation

Question 1. What is the reported efficacy of BJIKT in treating
cancer?

In clinical studies, BJIKT has been used to treat vari-
ous types of cancer, such as NSCLC, gastric cancer, and
liver cancer, for durations ranging from 1 to 12 weeks.
The interventions have shown favorable outcomes, with
BJIKT improving clinical symptoms of cancer, enhancing
quality of life, relieving fatigue, and reducing fever. Owing
to the heterogeneity of the intervention and control
groups and the outcomes of the RCTs, the meta-analysis
was only feasible for KPS. A higher KPS indicates better
functional status and ability to perform daily activities
[72]. Our meta-analysis revealed that BJIKT plus chemo-
therapy enhances patients’ quality of life, suggesting that
BJIKT in combination with chemotherapy can be consid-
ered in clinical practice. Compared with indomethacin,
BJIKT significantly improved functional status. Notably,
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Table 3 Preclinical and clinical evidence of the immunomodulatory effects of BJIKT in included studies (N=12)

Study (country) Study design Type of cancer Key findings of the study

2014 Lee RCT Lung, Rectum, Common bile duct, Gas- 1. Increased CD19(+) B cells

(Korea) [55] trointestinal, Esophagus, Pyriform sinus,

Breast, Liver, Ovary, and Uterus

2014 Chao (Taiwan) [47] Secondary data analysis NS 1. Prevented surgical stress-induced
immune suppression by maintaining NK
cell activity

2015 Yamaguchi (Japan) [25] Literature review Oral cancer 1. Increased lymphocyte cell-surface
antigens

2. Increased CD3(+) cells
3.Increased CD3(+) CD4(+) cells
4. Increased immune function

5. Increased QOL

2018 Wang (China) [ 24] Literature review (in vivo) NS Preclinical:
1. Reversed cisplatin resistance
through induction of apoptosis
and autophagy in lung cancer cells
2. Inhibited 5-FU-induced intestinal
mucositis through the suppression
of inflammatory cytokine up-regulation
Clinical:
1. Protected intestine and hematopoietic
organs against radiation damage
2. Improved localized radiotherapy-
induced immune deterioration
3. Improved cancer-related fatigue
and QOL
4. Reduced radiation or chemotherapy-
induced side effects

2020 Kim (Korea) [19] Literature review Gastric cancer, NSCLC, and Lung cancer 1. Increased the percentage of CD4(+)
and CD4(+) CD8(+) cells
2. Decreased the percentage of CD8(+)
cells

2020 Kuchta (Germany) [12]  Literature review (in vivo, in vitro) NS 1. Increased lymphocyte cell-surface anti-
gens (CD3(+) and CD3(+) CD4(+) cells)
2. Inhibited TNF-q, IL-6, IL-10, TGF- 31,
and INF-y production

2021 Kiyomi (Japan) [34] Experimental study (in vitro) NS 1. Decreased PBMC proliferation
2. Increased the percentage of CD8(+) T
cells
3. Suppressed Treg cells
4. Induced IL-6 and IL-17A secretion
5. Increased IFN-y and TNF-a secretion
6. Decreased TGF-f3 secretion

2021 Shimizu (Japan) [42] Case series Pancreatic cancer, Gastric cancer, 1. Restored antitumor T cell responses
and Thyroid cancer by normalizing serum corticosterone, IL-12,

and costimulatory molecule expression
2. Maintained NK cell activity and suppres-
sion of stress mediators
3. Inhibited proinflammatory cytokine
production, particularly IL-6
4. Enhanced cisplatin-induced apoptosis
5. Inhibited cytokine-mediated apoptosis
or necrosis, thus reducing the gastrointes-
tinal side effects of cancer chemotherapy
6. Replenished B cell after radiotherapy

2021 Lee (Korea) [40] Case report NSCLC 1. Ameliorated systemic inflammation
and improved immunological capacity
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Table 3 (continued)

Page 13 0f 18

Study (country) Study design

Type of cancer

Key findings of the study

2021 Zhang (China) [4] Literature review (in

2021 Luo (China) [69] RCT
2022 Liu (China) [70] RCT

Vivo) NS

NSCLC
Gastric cancer

1. Modulated peripheral immunity

and suppressed the immune escape

of tumors by increasing the infiltra-

tion of tumor lymphocytes, decreasing
the expression of PD-1 in peripheral blood,
and reducing the infiltration of PD-1

and PD-L1 in tumors

2. Alleviated neuroinflammation and oxi-
dative stress by reducing the expression
of IL-1B, IL-6, and IFN-y in the hippocam-
pus

1. Decreased IGF-1, TGF- 3, and VEGF levels
1. Decreased the percentage of CD3(+),

CD4(+), CD8(+) cells
2. Increased CD4(+)/CD8(+) ratio

NS Not specific, BJIKT Bojung-ikki-tang, NK Natural killer, QOL Quality of life, NSCLC Non-small cell lung cancer, TNF Tumor necrosis factor, IL Interleukin, PD-L1
Programmed death-ligand-1, IFN Interferon, TGF Tumor growth factor, IGF Insulin-like growth factor, VEGF Vascular endothelial growth factor

( Lymphocyte modulation and enhancement ) @egulation of immune suppression and enhancemenD

+ CD19(+) B cells ¢—

4 CD3(+) T cells «—

()} 1CD4(+) T cells +—

by

%w\lg%f NK cells ¢——

@f CD4(+)/CD8(+) +—

ratio

—{ @ Bojungikki-tang ]7—> kﬁﬂéé

4 NK cell activity
Prevention of surgical
stress-induced
immune response

4 CD8(+) T cells
Enhanced immune
response

¥ Treg cells
Reduced immune
suppression

4 IL-6, IL-17A, IFN-y,
TNF-a
Modulated
inflammatory

4 Anti-cancer immune
responses

CTumor microenvironment and cancer therapy response>

response

’: 4 Cancer cell apoptosis and autophagy - 4 Tumor cell death

4 Immune checkpoint inhibitors (PD-1/PD-L1) response
/4 Anti-cancer immunotherapeutic effects

Fig. 3 Graphical abstract illustrating Bojungikki-tang’s immunomodulatory effects on anti-cancer immune system. This figure shows
how Bojungikki-tang impacts lymphocyte function, regulates immune suppression and activation, and influences the tumor microenvironment

to enhance anti-cancer responses

in most studies in which BJIKT was compared with indo-
methacin, BJIKT was more effective in relieving fever,

although not statistically validated.

BJIKT has been traditionally used to alleviate symp-

toms of fatigue. In several studies usin

scales, positive outcomes for BJIKT have been reported.
In a recent network pharmacology study, BJIKT was

reported to be effective against chronic fatigue syn-

g different fatigue

drome by interacting with multiple components, targets,
and pathways [73]. Considering that fatigue is a highly
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prevalent symptom of cancer, alleviating it can improve
patients’ quality of life [74]. Because the outcome meas-
ures for fatigue were diverse, no quantitative synthesis
could be conducted in this study. Therefore, further clini-
cal trials on BJIKT, including fatigue scales, are required
for objective evaluation.

Clinical studies on BJIKT included in the present
review mainly focused on alleviating symptoms such as
fatigue and cancer-related fever and improving quality
of life. Meanwhile, in East Asian medicine, BJIKT has
been used primarily for gastrointestinal symptoms, such
as appetite loss or indigestion [75]; however, only a few
clinical studies on cancer in the present review included
gastrointestinal symptoms as outcomes. Notably, in some
clinical studies [38, 56] in the present review, nausea and
vomiting occurred less frequently or improved better in
the treatment group than in the control group. Quality
of life scales, such as the European Organization for the
Research and Treatment of Cancer Quality of Life Ques-
tionnaire Core 30 (EORTC-QLQ-C30), assess symptoms
such as nausea, vomiting, and appetite loss. Yang et al.
[62] reported higher EORTC-QLQ-C30 scores in the
treatment group (BJIKT plus Western medicine) than in
the control group (Western medicine alone). However,
clinical research involving symptom indicators other
than fatigue and fever is lacking; therefore, future stud-
ies are required to examine the effect of BJIKT on nausea,
vomiting, and appetite loss in patients with cancer using
quality-of-life symptom scores.

Furthermore, it has been suggested in existing studies
that BJIKT can contribute to improving survival rates in
patients with cancer. In a real-world data study in Tai-
wan, a 4.9% higher 5-year survival rate was observed
when Chinese herbal medicine was integrated with con-
ventional treatment for NSCLC. In this study, BJIKT was
the third most common herbal medicine prescribed to
patients, suggesting that BJIKT may improve survival
rates in patients with NSCLC [76]. This finding is consist-
ent with other real-world findings included in the present
review, indicating a higher survival probability in indi-
viduals using herbal medicine, including BJIKT, than in
non-users [48].

However, there are very few clinical trials in which
cancer size control, survival rate, and biomarkers have
been compared between BJIKT plus ICI, and ICI alone
[77]. Therefore, we conducted a clinical trial to examine
the safety and efficacy of BJIKT in patients with advanced
NSCLC receiving ICI therapy [78]. Further clinical stud-
ies are required to determine how BJIKT, in combination
with ICIs, affects survival, prognosis, and adverse events
in patients with cancer, and identify biomarkers associ-
ated with treatment response and survival.
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Question 2. How does BJIKT affect the immune system?
BJIKT exhibits comprehensive immunomodulatory
effects, significantly enhancing innate and adaptive
immune responses while demonstrating pronounced
anti-cancer properties. T lymphocytes play crucial
roles in tumor-adaptive immune responses and immu-
nosuppression [79]. CD4(+) T cells activate CD8(+)
T cells, which directly target and destroy cancer cells,
as well as innate immune cells (NK and dendritic cells)
by producing IL-2 and IL-15. Notably, some CD4(+)
T cells directly kill tumor cells [80]. Treg cells sup-
press immune responses by secreting IL-10 and TGE-f,
consuming IL-2, and inhibiting dendritic cell activity,
contributing to tumor immune suppression [81]. There-
fore, enhancing the antitumor activity of T cells and
regulating immune suppression is crucial to improv-
ing the tumor immune microenvironment. Yang et al.
[26] reported the upregulation of NK group 2D expres-
sion in NK cells and increased Treg cell levels, indicat-
ing significant modulation of the immune response in a
mouse colon cancer lung metastasis model. The balance
between T helper (Th) 17 and Treg cells plays an essential
role in autoimmune diseases, inflammation, and tumor
immune responses. The authors reported that Th17 and
Treg cells exhibit opposite differentiation and inhibit
each other’s functions while maintaining the balance
of the local microenvironment. In addition, reversing
inflammatory immune evasion during tumor metasta-
sis by transforming Treg cells into Th17 cells rather than
eliminating them is important. Kuchta et al. [12] reported
that BJIKT increases the proportion of CD3(+) and
CD3(+) CDA4(+) cells while inhibiting pro-inflammatory
cytokines, such as TNF-a, IL-6, IL-10, TGF-$1, and IFN-
Y, in the peripheral blood of patients. However, Liu et al.
[70] reported that BJIKT decreased the percentage of
CD3(+), CD4(+), and CD8(+) cells and increased the
CD4(+)/CD8(+) ratio, indicating a more regulated adap-
tive immune response in the peripheral blood of patients
with gastric cancer.

PD-1 and PD-L1 play crucial roles in the immune eva-
sion of cancer cells. These interactions play a significant
role in cancer immunotherapy [82]. BJIKT enhanced the
proportion of CD4(+), CD8(+), and CD8(+) PD-1(+)
T cells, decreased the proportion of PD-1(+) Treg cells,
inhibited PD-L1 expression through the PI3K/AKT path-
way, and promoted T lymphocyte proliferation, activa-
tion, and cytotoxicity in an MFC gastric cancer cell model
[36]. Chun et al. [30] reported that BJIKT improves anti-
tumor immune responses by increasing the number of
cytotoxic T lymphocytes and NK cells in tumor tissues
treated with an anti-PD-L1 antibody combination in a
mouse model of colorectal cancer.
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The CD4(+)/CD8(+) ratio plays a crucial role in
the immune response to cancer. Its significance in
predicting the outcomes of patients undergoing ICI
therapy has been reported in several studies. Based on
the results of clinical studies, patients with a higher
baseline CD4(+)/CD8(+) ratio tend to have better
responses to immunotherapy and longer survival [83,
84]. These findings underscore the value of CD4(+)/
CD8(+) ratio as a biomarker for predicting and moni-
toring responses to ICI therapy. In some clinical stud-
ies included in the present review, an increase in the
CD4(+)/CD8(+) ratio was reported as a common out-
come associated with the modulation of circulating T
lymphocytes after BJIKT treatment. Overall, BJIKT
may enhance the immune response of patients with
cancer, as evidenced by the increased CD4(+)/CD8(+)
ratio after BJIKT treatment.

Furthermore, although direct evidence is lacking,
BJIKT may also influence other immune checkpoints,
such as cytotoxic T-lymphocyte-associated protein 4 and
T cell immunoglobulin and mucin-domain containing-3.
Considering the broader immunomodulatory effects of
BJIKT, including its ability to enhance cytotoxic T cell
function and reduce Treg cell activity, it is plausible that
BJIKT could also impact these additional checkpoints.
Collectively, these findings highlight the potential of
BJIKT to enhance immune function, regulate immune
responses, and exert anti-cancer immunotherapeutic
effects, making it a promising candidate for integrative
cancer therapy and immunomodulation.

Study limitations

This study has provided evidence of the therapeutic and
immunomodulatory effects of BJIKT in cancer treatment;
however, some limitations should be acknowledged. In
studies in which herbal decoctions were used, BJIKT
was often combined with other herbs, making it difficult
to determine the effectiveness of BJIKT alone. In East
Asian Medicine, herbal extracts are generally manufac-
tured by pharmaceutical companies in quantities based
on the original prescription; however, the constituents
and doses of the herbal decoctions can be adjusted at the
physician’s discretion. Herbal decoctions enable person-
alized treatment based on a patient’s condition; however,
their exact efficacy and safety cannot be predicted using
individual prescriptions. In addition, meta-analyses are
limited because of the lack of common outcome meas-
ures and differences between the intervention and con-
trol groups. The risk of bias summary showed that most
of the items were unclear. Notably, in some RCTs pub-
lished in China, arbitrary categorizations or definitions of
outcomes, such as body temperature, were used to assess
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efficacy. Because we limited the published languages to
English, Korean, and Chinese, some studies published
in other languages might not have been included in this
review.

Implications for future research

This review presents the results of experimental and
clinical studies on BJIKT conducted over the last dec-
ade. BJIKT has been investigated as a potential adjunctive
therapy in cancer treatment, with most RCTs focusing on
its use in combination with chemotherapy. The combi-
nation of BJIKT with targeted therapy was documented
in only one case report, and none of the included stud-
ies included the results of combination therapy with an
ICI. Experimental findings regarding the immune-related
effects of BJIKT suggest the possibility of enhanced
immune function. However, the effects of BJIKT on the
immune system have been investigated in only a few clin-
ical studies. The levels of CD3(+), CD4(+), and CD8(+)
T cells and the CD4(+)/CD8(+) ratio have been used in
clinical studies to evaluate immunoregulation. Previous
meta-analyses have revealed that compared with chemo-
therapy alone, herbal medicines combined with chemo-
therapy significantly increase CD3(+) and CD4(+) levels
and the CD4(+)/CD8(+) ratio while decreasing CD8(+)
levels. These results indicate improvements in immune
function; however, the significance of the CD4(+)/
CD8(+) ratio remains unclear [85]. Therefore, clinical
trials are required to evaluate the combination of BJIKT
with ICIs, investigate improvements in survival, response
rate, and adverse events, and explore the immune-related
mechanisms of BJIKT through in-depth immune profil-
ing and its correlation with clinical outcomes. Further-
more, rigorously designed RCTs using outcome measures
with established validity and reliability, such as the Piper
Fatigue Scale and KPS, are required to evaluate effi-
cacy. An integrative approach to cancer treatment that
combines herbal medicine with conventional therapies
can further enhance the effectiveness of conventional
therapies, improve patient’s quality of life, and mitigate
adverse reactions.

Conclusion

Over the past decade, the effects of BJIKT on can-
cer have been reported in various studies, primar-
ily in East Asia. Preclinical studies on BJIKT use in
treating cancer have mainly focused on the immune
response and immunomodulatory effects of BJIKT.
RCTs, which accounted for >50% of the clinical studies
on BJIKT, primarily focused on assessing the improve-
ment in quality of life induced by chemotherapy plus
BJIKT compared with chemotherapy alone and the
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effectiveness of BJIKT in relieving cancer-related fever
compared with non-steroidal anti-inflammatory drugs.
With ICIs becoming a new paradigm in cancer treat-
ment, investigating the clinical efficacy and safety of
combination therapy with BJIKT and the association of
immunomarker changes with clinical outcomes is cru-
cial to further elucidate the effect of BJIKT on immune
system modulation.
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