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Artificial intelligence (AI)-assisted ultrasound in clinical trials: 
Endpoint automation, decentralized monitoring, and regulatory 
readiness

Kenji Karako1,*, Jianjun Gao2

1 Department of Surgery, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan;
2 Department of Pharmacology, School of Pharmacy, Qingdao Medical College, Qingdao University, Qingdao, Shandong, China.

1. Introduction

Ultrasound (US) imaging occupies a distinctive position 
as a clinical trial methodology. Unlike computed 
tomography or magnetic resonance imaging, US is non-
ionizing, the equipment is portable, and scans can be 
acquired in real time, enabling its use across a spectrum 
of trial settings—from centralized imaging facilities in 
pivotal phase III studies to point-of-care assessments 
in resource-limited environments (1). Cardiac function 
endpoints such as the left ventricular ejection fraction 
(LVEF), as well as measurements of organ volume 
and vascular parameters, are routinely incorporated 

as primary or secondary endpoints in cardiovascular, 
oncological, and obstetric trials (1). The fact that clinical 
research is being performed around the world in settings 
with fewer resources, accelerated by disruptions to 
conventional trial infrastructure due to the COVID-19 
pandemic, has further heightened the demand for 
imaging modalities that can function reliably outside 
tertiary hospitals.
	 Nonetheless, ultrasound has historically been the 
imaging modality most susceptible to measurement 
variability. Image quality and diagnostic accuracy 
depend heavily on operator skill, probe selection, patient 
positioning, and equipment settings—factors that vary 

DOI: 10.5582/ddt.2026.01020Review

(91)

SUMMARY: Ultrasound is among the most widely used imaging modalities in clinical trials, and yet its 
dependence on operator skill and equipment settings has historically limited the reproducibility of ultrasound-
based endpoints in multi-center studies. Artificial intelligence (AI) now addresses this limitation across two 
complementary dimensions: automated measurement algorithms that quantify cardiac function, organ volume, and 
vascular parameters with reproducibility approaching or, in select settings, exceeding that of trained human readers 
and real-time acquisition guidance systems that enable clinicians with no formal sonography training to perform 
diagnostic-level examinations, making remote and decentralized assessment increasingly feasible. This narrative 
review synthesizes current evidence and regulatory developments across three interconnected domains. First, use 
of automated ultrasound to ascertain endpoints has advanced from single-institution validation to prospective and 
randomized evidence, with deep learning measurement of the left ventricular ejection fraction demonstrating formal 
equivalence to expert readers across multiple echocardiographic parameters and AI-first workflows shortening the 
time to diagnosis in a blinded non-inferiority trial. Second, AI-guided ultrasound acquisition by nurses and other 
non-expert operators has achieved a high rate of diagnostic acceptability in cardiac and pulmonary ultrasound, 
laying the groundwork for use of ultrasound-based endpoints in decentralized clinical trial designs, as reflected in 
Food and Drug Administration (FDA) guidance on decentralized trial elements. Third, the regulatory frameworks 
governing AI-enabled medical devices - including the U.S. FDA's Predetermined Change Control Plan guidance, the 
EU Artificial Intelligence Act, and internationally harmonized good machine learning practice relevant to Japan and 
other jurisdictions - increasingly emphasize overlapping principles such as specification of prospective performance, 
post-marketing oversight, and transparent reporting. Addressing remaining challenges in domain generalization 
across vendors, subgroup fairness, and algorithm change management during ongoing trials will be essential for AI-
assisted ultrasound to fulfill its potential as a robust, scalable endpoint in clinical research worldwide.

Keywords: Artificial intelligence, ultrasound, clinical trials, decentralized clinical trials, automated endpoint 
measurement



Drug Discoveries & Therapeutics. 2026; 20(2):91-103.                                    www.ddtjournal.comDrug Discoveries & Therapeutics. 2026; 20(2):91-103.                                    www.ddtjournal.com

across sites, sonographers, and time points within the 
same trial. LVEF estimation using conventional two-
dimensional echocardiography involves significant 
inter-observer variability. 2D methods result in minimal 
detectable differences of approximately 10–13%, a 
magnitude that may obscure meaningful treatment-
related changes in cardiovascular outcome trials (2). 
Domain shift—the degradation of performance when 
a model is applied to data from a different institution, 
scanner, or patient population—is a further intrinsic 
challenge in ultrasound that constrains the external 
validity of both human readers and automated algorithms 
(3,5). These characteristics have limited the scalability 
of ultrasound-based endpoints in multi-center studies, 
where standardization of acquisition and interpretation is 
essential for valid cross-site comparisons.
	 Artificial intelligence (AI), and deep learning in 
particular, has emerged as a transformative tool to 
overcome these limitations. Convolutional neural 
networks (CNNs), vision transformers (ViTs), and 
self-supervised learning (SSL) frameworks have 
demonstrated the ability to automate ultrasound image 
analysis with reproducibility meeting or exceeding 
that of human experts when performing standardized 
tasks (3,5,8,9). A landmark video-based model for 
LVEF estimation had a mean absolute error (MAE) of 
4.1% when using internal data and 6.0% when using 
an independent external dataset, with comparable 
inter-clinician variability, thus laying the foundation 
for automated echocardiography as an endpoint 
(3). A blinded, randomized non-inferiority trial that 
evaluated an AI-first echocardiographic workflow 
noted significantly lower rates of clinically meaningful 
LVEF discordance (> 5%) between initial assessment 
and the final cardiologist reading in the AI arm versus 
the sonographer arm (16.8% vs. 27.2%; p < 0.001 for 
superiority). This established a precedent for use of 
AI-assisted measurement as a primary trial endpoint 
in randomized controlled trials (RCTs) (4). In terms 
of ultrasound acquisition, AI-guided real-time probe-
positioning systems have enabled clinicians with no prior 
sonography training—as well as nurses—to perform 
diagnostic-quality 10-view echocardiography, with 100% 
of primary-endpoint examinations meeting diagnostic 
acceptability criteria across all four primary endpoints 
in a prospective international noninferiority study (6). 
These advances in cardiac imaging suggest a shift in the 
central question from whether AI can assist ultrasound to 
how such assistance can be validated, standardized, and 
regulated within the formal framework of a clinical trial.
	 Three interrelated challenges define the current 
frontier. First, use of automated measurement algorithms 
to reliably ascertain clinical trial endpoints and whether 
they meet standards for accuracy, reproducibility, 
and external validity across heterogeneous scanning 
environments and patient populations encountered in 
multi-center studies must be validated. Second, AI-

guided ultrasound acquisition foreshadows the potential 
for decentralized clinical trials (DCTs)—designs in 
which some or all imaging assessments are performed 
at local facilities or remotely rather than at designated 
imaging centers—but raises new questions about 
quality assurance, operator training, and data integrity. 
A regulatory framework for such designs was finalized 
by the U.S. Food and Drug Administration (FDA) in 
September 2024 (7). Third, the regulatory frameworks 
governing AI-based medical devices are evolving rapidly 
across major jurisdictions, and trial sponsors must 
navigate these requirements when incorporating AI-
assisted ultrasound as an endpoint or trial tool.
	 This review addresses al l  three challenges 
systematically. We first examine the evidence base for 
using automated ultrasound in endpoint measurement, 
covering technical approaches, clinical validation studies 
up to and including RCTs, and the implications that a 
domain shift would have in multi-center deployment. 
We then consider AI-guided image acquisition in the 
context of decentralized trials and emergency setting 
trials, synthesizing prospective clinical evidence and 
identifying barriers to widespread implementation. 
Finally, we review the current regulatory landscape 
across the United States, Japan, and the European 
Union and outline the methodological standards—
reporting guidelines, evaluation frameworks, and 
privacy-preserving learning architectures—that trial 
designers should incorporate to ensure reproducibility 
and regulatory compliance. Together, these three 
components represent the infrastructure required for 
AI-assisted ultrasound to fulfill its potential as a robust 
clinical trial tool. The conceptual relationship among 
these components is illustrated in Figure 1. The literature 
search strategy and inclusion criteria underlying this 
synthesis are described in the Methods section below.

2. Methods

This narrative review synthesizes recent literature 
on AI-assisted ultrasound in clinical trials. Relevant 
studies were identified through searches of PubMed, 
Embase, IEEE Xplore, and the Cochrane Library 
using combinations of the terms "ultrasound," 
"echocardiography," "artificial intelligence," "deep 
learning," "clinical trial," and "decentralized clinical 
trial." Additional sources were identified in references 
listed in key articles and from the websites of major 
regulatory agencies, including the FDA, Pharmaceuticals 
and Medical Devices Agency (PMDA)/Ministry of 
Health, Labor, and Welfare (MHLW), International 
Medical Device Regulators Forum (IMDRF), and the EU 
Official Journal.
	 Priority was given to prospective studies, randomized 
or non-inferiority trials, formal external validation 
studies, and primary regulatory guidance documents 
published up to March 2026. When preprints were cited, 

(92)
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video-based AI echocardiography system (3).
	 ViTs address a limitation of CNNs: their localized 
receptive fields hamper the integration of global spatial 
context, which is important for tasks such as view 
classification and whole-image quality assessment. By 
treating image patches as sequential tokens and applying 
self-attention mechanisms, ViTs capture long-range 
dependencies across the field of view. A systematic 
review of 69 publications covering ViT applications 
across cardiac, breast, prostate, and fetal ultrasound 
highlighted their strength in capturing global contextual 
information. At the same time, multiple studies reported 
that hybrid architectures combining convolutional 
feature extraction with transformer attention can improve 
performance, and particularly in settings with limited 
training data (8).
	 SSL exploits the large volumes of unlabeled 
ultrasound images available in clinical archives—
data that are impractical to annotate exhaustively—
by training models to reconstruct, contrast, or predict 
features of their own input without manual labels. 
This approach is especially valuable for reducing 
dependence on expert annotation in specialized domains. 
At the foundation model scale, UltraFedFM pre-
trained a shared model via federated learning across 
16 institutions in 9 countries using over one million 
unlabeled ultrasound images, achieving an area under 
the receiver operating characteristic curve (AUROC) of 
0.927 for disease classification and a Dice coefficient of 
0.878 for lesion segmentation across downstream tasks 
(9). The implications for multi-center trial infrastructure 

this was made explicit in the references and interpreted 
as emerging rather than definitive evidence. This was a 
narrative synthesis rather than a systematic review, so 
formal study selection, risk-of-bias adjudication, and 
meta-analytic pooling procedures were not performed.

3. Using automated ultrasound to ascertain clinical 
trial endpoints

3.1. Technological foundations

Three families of deep learning architecture underpin 
automated ultrasound measurement: CNNs, ViTs, and 
SSL frameworks. Each addresses a different constraint 
inherent to clinical ultrasound data.
	 CNNs were the first deep learning approach to 
ultrasound that was clinically validated. Their inductive 
biases—local feature detection and translational 
invariance—suit the spatially structured patterns of 
B-mode images, and their computational efficiency 
enables near-real-time inference on consumer hardware. 
The most consequential demonstration of CNN-based 
ultrasound analysis in a clinical trial context is EchoNet-
Dynamic, which applied a video-based convolutional 
neural network to full echocardiographic video sequences 
to estimate the LVEF and segment the left ventricle (3). 
The model achieved an MAE of 4.1% on the internal 
held-out test set, which is well within the range of inter-
observer variability among clinicians, and generalized to 
an independent external healthcare system with an MAE 
of 6.0%, demonstrating robust external validity for a 

Figure 1. Conceptual framework of AI-assisted ultrasound in clinical trials. Three interdependent pillars are required for AI-assisted ultrasound 
to function as a reliable clinical trial tool. Pillar 1 (automated endpoint measurement) and Pillar 2 (AI-guided ultrasound acquisition and decentralized 
trials) each generate the evidence and infrastructure needed for valid endpoints. Pillar 3 (regulatory and methodological readiness) provides the 
governance layer that enables deployment across sites and regulatory acceptance. All three pillars converge on the goal of valid, reproducible, and 
scalable ultrasound-based endpoints in multi-center trials.
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are discussed further in Section 5. The principal 
characteristics, ultrasound-specific limitations, and 
representative evidence for each of the three families of 
architecture are compared in Table 1.
	 Cutting across all three families of architecture 
is the emerging field of explainable AI (XAI), 
which generates human-interpretable rationales for 
model predictions—for example, attention heatmaps 
highlighting the myocardial regions driving an LVEF 
estimate, or saliency maps indicating which image zones 
triggered a lesion classification. XAI is not an alternative 
architecture but a post-hoc or intrinsic interpretability 
layer that can be applied to CNN, ViT, and SSL-derived 
models alike. Its clinical trial relevance is twofold: 
regulators increasingly expect AI-enabled medical 
devices to provide interpretable outputs sufficient for 
clinical oversight, and FUTURE-AI's explainability 
dimension recommends that the basis for an AI decision 
be communicated to the clinical reviewer in a way that 
supports, rather than replaces, human judgment (17). 
For trial endpoints specifically, XAI outputs can serve as 
audit evidence during regulatory review of discordant AI-
human measurements and as a mechanism for detecting 
systematic model failure modes—such as dependence on 
image artifacts rather than genuine anatomical features—
before adoption.

3.2. Clinical validation of using AI to ascertain trial 
endpoints

Converting an AI measurement algorithm from 
conjecture into a validated clinical trial tool requires 
a structured hierarchy of evidence. This section first 
presents a pragmatic five-level framework synthesized 
from the literature on AI-assisted echocardiography—
where the evidence base is currently most complete—
and then considers how far analogous evidence has 
emerged in non-cardiac areas. Representative studies are 
mapped to each level in Figure 2.
	 Level 1—Internal validation using held-out data. 
The minimum requirement for any AI measurement 
system is that its performance has been determined 
using a held-out test set from the same institution or 
dataset as training data. When estimating the LVEF, 
EchoNet-Dynamic achieved an MAE of 4.1% with its 
internal held-out set—approaching the inter-clinician 
variability for the LVEF reported in the same clinical 
environment—establishing a minimum credibility 
threshold (3).
	 Level 2—External validity using independent 
data. In addition, EchoNet-Dynamic's performance in 
an independent external healthcare system with different 
scanning environments yielded an MAE of 6.0%—

Table 1. The three families of architecture in terms of typical endpoints, key limitations in the ultrasound context, and 
representative references

Architecture

CNN (2D/3D)

Vision Transformer

SSL/Foundation model

Ultrasound-specific limitations

Device–vendor domain shift; 
limited global context

Requires larger training sets; 
sensitive to domain shift

Pre-training dataset diversity is a 
bottleneck

Typical endpoints

LVEF, segmentation, view classification

Classification, segmentation, quality 
grading

Multi-task pre-training → downstream 
fine-tuning

Representative reference

Ouyang et al., Nature 2020 (3)

Vafaeezadeh et al., Diagnostics 2024 (8)

Jiang et al., NPJ Digit Med 2025 (9)

Figure 2. Hierarchy of clinical evidence for use of AI-assisted ultrasound to ascertain endpoints. Five levels of evidence for use of AI-assisted 
ultrasound to ascertain clinical trial endpoints. They are shown here, along with landmark studies in AI-assisted echocardiography. Level 1 involves 
establishing internal performance based on held-out data from the institution developing the AI; Level 2 involves demonstrating external validity 
using independent data from a separate institution or scanning environment; Level 3 involves applying a pre-specified equivalence criterion (e.g., the 
individual equivalence coefficient) to repeated human expert assessments; Level 4 involves prospectively evaluating ultrasound performed by non-
expert operators under trial conditions; and Level 5 indicates the steps in a randomized, blinded evaluation. A trial sponsor should pre-specify the 
minimum level of evidence required for endpoint adoption in the trial protocol; Level 3 is the recommended minimum for primary endpoints.
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within the range of human inter-clinician variability (3). 
This constitutes the first large-scale demonstration of 
cross-site external validity for a video-based AI model 
for echocardiography and establishes the principle that 
cross-site validation should be prospectively planned 
rather than retrospective. An algorithm remains at Level 
1 until this external step has been completed.
	 Level 3—Formal equivalence validation. Tromp 
et al. applied a more rigorous standard, comparing 
deep learning measurements of 23 echocardiographic 
parameters—including the ejection fraction, ventricular 
volume, and Doppler-derived filling pressure—from 600 
participants to three independent repeated measurements 
by trained sonographers (10). The primary criterion 
was the individual equivalence coefficient, a statistic 
that quantifies whether algorithm-human disagreement 
is smaller than human-human disagreement. For all 23 
parameters, the upper bound of the 95% confidence 
interval (CI) for the individual equivalence coefficient 
fell below the pre-specified non-inferiority threshold of 
0.25, indicating that the deep learning workflow was at 
least as reproducible as expert human assessment (10). 
This study design, which pre-registers the equivalence 
criterion before data analysis, provides the most relevant 
methodological template for regulatory and endpoint 
validation purposes.
	 Level 4—Prospective evaluation in the intended 
operator population. An algorithm validated at Level 3 
has been assessed in a controlled laboratory setting but 
not necessarily in the hands of the operator population 
that will use it in a trial. Trost et al. addressed this gap 
in a two-site international study (240 participants) in 
which nurses—the intended DCT operator—used an AI-
guided system to perform echocardiography, achieving 
100% diagnostic acceptability for all four pre-specified 
primary endpoints (LV size, global LV function, RV size, 
and pericardial effusion), identical to the expert reference 
group (6). This level of evidence is analogous to a phase 
II clinical study for a drug: it confirms that a validated 
algorithm remains fit-for-purpose when used by non-
expert operators under real trial conditions. That study is 
discussed in detail in Section 4.2.
	 Level 5—Randomized controlled trial of the AI-
enhanced workflow. He et al. conducted a blinded, 
randomized non-inferiority trial at Cedars-Sinai Medical 
Center comparing AI-assisted initial LVEF assessment to 
standard sonographer assessment (4). The pre-specified 
primary endpoint was the proportion of studies in which 
the initial assessment (AI or sonographer) differed from 
the reviewing cardiologist's final LVEF reading by 
more than 5%. Among 3,495 studies, this discordance 
rate was significantly lower in the AI arm (16.8%) than 
in the sonographer arm (27.2%; difference −10.4%, 
95% CI −13.2 to −7.7; p < 0.001 for superiority), and 
blinding was successfully maintained (blinding index: 
0.088) (4). This trial demonstrated that an AI-first 
echocardiographic workflow can be evaluated within the 

formal infrastructure of a randomized, blinded clinical 
study—a critical precedent for trials seeking to use AI 
measurement as their primary endpoint.

3.2.1. Generalizability to non-cardiac ultrasound domains

The five-level hierarchy described above is most clearly 
evident in AI-assisted echocardiography, where the 
sequence from internal validation to RCT evidence 
now spans multiple independent groups. Evidence from 
non-cardiac domains is accumulating, though most 
applications remain at Levels 1–3. A prospective two-
country diagnostic accuracy study of fetal ultrasound 
demonstrated that deep learning estimation of gestational 
age from blind ultrasound sweeps achieved an MAE of 
3.2 days. The AI system met a pre-specified equivalence 
margin (± 2 days) relative to standard sonographer-
performed biometry when both were evaluated with 
first-trimester crown–rump length as the reference 
standard (26). A complementary four-center prospective 
study conducted across Moroccan healthcare centers 
developed and prospectively evaluated a deep learning 
system for end-to-end automation of fetal biometry and 
amniotic fluid assessment from ultrasound cine-loops. 
The model achieved limits of agreement with expert 
measurements that were narrower than reported intra- 
and inter-observer variability among sonographers, 
indicating reproducibility comparable to or better than 
human performance (27). A six-center prospective 
multicenter study of hepatic ultrasound developed and 
internally validated a deep learning model for multi-
stage liver fibrosis classification (S0–S4) using paired 
high-frequency ultrasound images of the liver and 
spleen, with histologic staging as the reference standard. 
The model achieved an AUROC of 0.87–0.94 across 
clinically relevant fibrosis thresholds and demonstrated 
the potential to reduce biopsy rates in simulated clinical 
pathways (28). The Controlled ARTHUR Trial of 
musculoskeletal ultrasound prospectively evaluated a 
robotic ultrasonography system combined with AI-based 
synovitis scoring in rheumatoid arthritis, comparing its 
performance to that of expert-performed ultrasound. The 
study noted moderate agreement between robotic and 
human assessments (intraclass correlation coefficients 
of 0.59–0.64) and limited diagnostic accuracy 
(approximately 59%), highlighting both the feasibility 
and current limitations of operator-independent 
ultrasound acquisition and automated scoring (29). 
Across these domains, emerging evidence suggests 
that AI-based measurement can achieve levels of 
reproducibility comparable to expert human assessment 
in selected applications, while prospective multi-center 
studies are beginning to establish the Level 2–3 evidence 
base required for further validation for clinical and trial 
use.

3.3. Challenges in multi-center deployment
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Despite this evidence, three challenges constrain the use 
of automated ultrasound to ascertain endpoints across 
heterogeneous multi-center trial networks.
	 Domain shift—performance degradation due to 
differences in the scanner vendor, probe frequency, 
imaging protocol, or patient population—is the most 
consistently cited obstacle. Recently, Universal 
UltraSound Image Challenge 2025 evaluated general-
purpose ultrasound AI models' performance on data 
aggregated from public datasets and partner hospitals 
across multiple anatomical regions, and the competition 
revealed measurable degradation of performance on 
data from institutions not represented in the training 
dataset (11). Although this evidence is still preliminary, 
it reinforces an important operational point: domain 
generalization must be explicitly validated, not assumed, 
before multi-center deployment.
	 Subgroup performance gaps are a related concern. 
Differences in AI measurement accuracy across patient 
subgroups—potentially defined by sex, age, body mass 
index, or scanner type—may introduce systematic bias 
that inflates or attenuates between-arm differences in a 
trial with imbalanced enrollment, analogous to differential 
misclassification in conventional measurement. Sex-
related performance gaps have been empirically 
documented in musculoskeletal ultrasound AI (12); 
analogous biases are plausible across cardiac, hepatic, and 
vascular domains, where training dataset composition is 
similarly skewed. Pre-registration of analyses of subgroup 
accuracy and reporting of subgroup-stratified performance 
metrics are therefore essential components of validating 
use of AI to ascertain endpoints.
	 Public data availability remains a bottleneck for 
algorithm development and replication. A systematic 
catalog of publicly available ultrasound resources 
identified 72 datasets and 56 open-source models as 
of September 2025, with notable underrepresentation 
of fetal (5 datasets) and prostate (4 datasets) content 
relative to the frequency of their clinical use (13). 
For investigators seeking to independently validate 
algorithms before adoption in a trial, this scarcity of 
benchmark data is a practical impediment.

3.4. Reporting standards

Transparent reporting is a prerequisite for regulators, 
site monitors, and independent reviewers to evaluate 
whether an AI endpoint meets trial quality standards. 
Two complementary guidelines are particularly relevant. 

STARD-AI, published in Nature Medicine in 2025, 
extends the established STARD checklist with AI-
specific reporting items covering dataset composition, 
model evaluation, and bias or fairness considerations 
(14). PROBAST+AI, published in the British Medical 
Journal in 2025, provides a structured tool for assessing 
risk of bias and applicability in predictive model studies 
using regression or AI (15). These frameworks do not 
themselves constitute regulatory requirements, but they 
increasingly shape the evidence packages that regulators, 
sponsors, and reviewers expect when proposing use of 
an AI system in a trial. The alignment between common 
trial study designs and their most relevant reporting or 
evaluation framework is outlined in Table 2.

4. AI-guided ultrasound acquisition and decentralized 
ultrasound monitoring

4.1. Mechanisms of AI-guided ultrasound acquisition and 
their significance for clinical trials

Automated measurement algorithms, however accurate, 
are only as reliable as the images on which they 
operate. Suboptimal image acquisition—incorrect probe 
orientation, inadequate acoustic coupling, or failure 
to obtain the prescribed view—introduces a source 
of variability that no downstream algorithm can fully 
correct. AI-guided ultrasound addresses this upstream 
constraint by providing real-time, computer-generated 
feedback to the operator during image acquisition, 
decoupling diagnostic quality from individual 
sonographer experience.
	 The technical architecture of guided image 
acquisition systems typically combines two deep learning 
components: a view classification network that identifies 
which of the target views has been achieved, and a 
guidance-providing module that translates the current 
probe position into actionable instructions—expressed 
as directional cues on a display or auditory prompts—
to direct the operator toward the correct plane. These 
components operate on live video input with inference 
latencies low enough for interactive use in clinical 
settings in real time. The classification network may be a 
CNN, a ViT, or a hybrid architecture; the critical design 
requirement is the ability to distinguish near-correct 
views from target views with sufficient specificity 
to avoid issuing conflicting instructions, which is 
particularly challenging in echocardiography given the 
anatomical proximity of standard imaging planes.

Table 2. Trial study designs within the most relevant reporting or evaluation frameworks

Study type

Diagnostic accuracy study
Predictive model development/validation
Early-stage real-world evaluation
Comprehensive evaluation of implementation

Primary framework

STARD-AI (14)
PROBAST+AI (15)
DECIDE-AI (16)
FUTURE-AI (17)

Key AI-specific requirements

Dataset provenance, subgroup reporting, bias/fairness
Risk of bias across participants, predictors, outcomes, analysis
Human–AI interaction, safety monitoring
Fairness, universality, traceability, robustness, explainability
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	 When conducting a clinical trial, the significance of 
reliable AI-guided ultrasound acquisition extends beyond 
quality control into the trial design itself. If novice 
operators—nurses, first-responders, or community health 
workers without formal sonography training—can obtain 
diagnostic-quality ultrasound images with AI guidance, 
then imaging assessments that would previously have 
required a patient to travel to an imaging facility can 
instead be performed at local clinics, remote research 
sites, or in participants' homes. This capability is a 
prerequisite for a DCT involving imaging-dependent 
endpoints and directly addresses the operational 
constraints that have historically limited ultrasound-
based endpoints to site-intensive trial designs.

4.2. Prospective clinical evidence

The clinical evidence base for AI-guided ultrasound 
acquisition has expanded substantially in the past two 
years and now spans cardiac, pulmonary, vascular, 
obstetric, and abdominal applications.
	 Cardiac ultrasound. The most rigorous assessment 
to date is a prospective, international, noninferiority study 
conducted at two sites (United States and France) by 
Trost et al. (6). Nurses without prior echocardiography 
experience used an AI-guided system to acquire 10 
standard transthoracic echocardiographic views of 240 
patients over a nine-month period (November 2023 
to August 2024). For all four pre-specified primary 
endpoints—assessment of left ventricular size, global left 
ventricular function, right ventricular size, and nontrivial 
pericardial effusion—100% of novice-performed 
examinations met diagnostic acceptability criteria, 
with no difference compared to expert-performed 
examinations. Examinations were independently 
reviewed by five cardiologists blinded to operator 
identity, and strong agreement was observed between 
AI-guided image acquisition by novices and that by 
experts across multiple parameters. Of methodological 
note, the study prospectively defined its performance 
thresholds and employed blinded expert adjudication, 
providing high-quality prospective evidence supporting 
the feasibility of AI-guided ultrasound by non-expert 
operators in clinical settings.
	 Pulmonary ultrasound. Baloescu et al. extended 
the acquisition-guidance paradigm to pulmonary 
ultrasound in a multicenter study spanning four sites 
(18). Non-expert operators used the system to perform a 
standardized eight-zone protocol in patients with acute 
respiratory symptoms. Diagnostic-quality images were 
obtained in 98.3% of examinations, with no significant 
difference compared to expert-performed examinations. 
Importantly, the study focused on acquisition quality 
rather than diagnostic accuracy, demonstrating that AI 
guidance enables non-expert operators to reliably obtain 
images suitable for clinical interpretation. These findings 
are relevant to decentralized trial settings, where imaging 

must be performed by a distributed workforce without 
extensive ultrasound expertise.
	 Vascular ultrasound. Speranza et al. evaluated AI 
guidance in diagnosis of deep vein thrombosis in a setting 
where non-expert operators performed compression 
ultrasound of the lower extremities (19). In a multicenter 
study of 381 patients across 11 UK hospitals, scans 
acquired with AI guidance were reviewed by qualified 
clinicians and compared to standard examinations by 
imaging specialists. Emergency medicine reviewers 
achieved a sensitivity of 95-98% and a specificity of 97-
100%. Importantly, the diagnostic workflow incorporated 
clinician review, with indeterminate or insufficient-
quality scans requiring further assessment. This study 
highlights that AI-guided ultrasound can be integrated 
with expert review to maintain diagnostic performance 
while potentially reducing the need for universal expert-
performed examinations.
	 Obstetric ultrasound. The acquisition-guidance 
paradigm extends to obstetric ultrasound, where access 
to trained sonographers is a primary constraint on the 
feasibility of maternal-fetal medicine trials in limited-
resource settings. The prospective two-center study by 
Stringer et al. described in Section 3.2.1—in which 
novice operators with minimal training in Zambia 
performed freehand blind sweeps using an AI-guided 
portable device—yielded gestational age estimation that 
was non-inferior to that of credentialed sonographers, 
confirming that AI guidance can substitute for formal 
training with an obstetric endpoint that is image 
acquisition-dependent (26). Gomes et al. validated a 
complementary mobile-optimized AI system capable 
of running without Internet connectivity on a handheld 
device, designed specifically for novice operator use 
in resource-limited settings (31). The system provided 
feedback scores reflecting sweep quality, which can 
assist operators in identifying inadequate acquisitions, 
and achieved gestational age estimation to within − 
1.4 ± 4.5 days of standard sonographer biometry; fetal 
malpresentation—a clinically important finding that 
would qualify as a secondary endpoint in preterm birth 
prevention trials—was detected with an AUROC of 
0.977 (95% CI 0.949–1.000) (31). Together these studies 
demonstrate that operator-independent obstetric imaging 
protocols are feasible for endpoints central to global 
reproductive health trials, including standardization of 
gestational age and screening for malpresentation.
	 Abdominal ultrasound. Chiu et al. conducted a 
prospective evaluation of AI-guided abdominal aortic 
aneurysm screening in which 10 nurses with no prior 
ultrasonography experience each performed fifteen 
scans using a real-time deep learning detection algorithm 
(32). Diagnostic image quality was achieved in 87.5% 
of nurse-performed scans, compared to 91.3% for 
physician-performed scans (p = 0.310), establishing 
equivalence at a clinically acceptable threshold. 
Abdominal aortic aneurysm detection sensitivity was 
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100% and specificity was 97.8% (AUROC 0.975), 
with an MAE for measurement of the aortic diameter 
of 2.8 mm—within the threshold conventionally used 
for surveillance decisions in screening programs. These 
findings suggest that AI-guided ultrasound acquisition 
may enable non-expert operators to perform abdominal 
ultrasound screening with performance comparable 
to experienced physicians, supporting its potential 
applicability in scalable screening and decentralized trial 
settings.

4.3. DCTs: Regulatory framework and implementation 
requirements

The FDA's September 2024 final guidance on conducting 
clinical trials with decentralized elements defines DCTs 
as studies in which trial-related activities occur outside 
traditional clinical trial sites, including through local 
healthcare providers, in-home visits, or telehealth and 
digital health technologies (7). The guidance recognizes 
that imaging and other clinical assessments may be 
performed at local facilities and emphasizes the need for 
standardized protocols, appropriate training of personnel, 
and robust data quality and integrity monitoring. 
Sponsors are also expected to specify data origin, data 
flow, and monitoring procedures within the trial protocol.
	 For ultrasound-based imaging endpoints specifically, 
the FDA's earlier guidance on Clinical Trial Imaging 
Endpoint Process Standards, finalized in 2018, outlines 
recommended process standards applicable across 
clinical trial designs (20). These include pre-specified 
imaging acquisition protocols, operator qualification and 
training, equipment standardization and quality control 
procedures, as well as requirements for image transfer, 
storage, and centralized interpretation where appropriate 
(20). Sponsors incorporating AI-guided ultrasound 
acquisition into decentralized trial designs should ensure 
that image quality and protocol adherence are maintained 
when performed by the intended user population.
	 Despite regulatory clarity and mounting clinical 
evidence, substantial barriers to implementation 
remain. The COMPASS-AI survey, which collected 
structured responses from 1,154 healthcare professionals 
across multiple countries, found that 81.1% expressed 
enthusiasm for AI-assisted POCUS, and yet identified 
training and education (27.1% of respondents) and 
clinical validation and evidence (17.5%) as the two 
most frequent barriers to adoption (21). Additional 
concerns included limitations in infrastructure, workflow 
integration, lack of standardized guidelines, and 
uncertainty regarding liability. These findings suggest 
that, in DCT settings, institutional readiness may 
represent a critical limiting factor.

4.4. Emergency and resource-constrained settings

The evidence reviewed in Sections 4.2 and 4.3 addresses 

the operational challenges of decentralizing clinical trials 
within established healthcare systems; the same AI-
guided ultrasound acquisition capabilities also extend 
the scope of the evidence reviewed in Section 4.2 into 
emergency and resource-constrained settings, where 
conventional sonographer-dependent protocols are 
entirely infeasible and where endpoint integrity would 
otherwise be unachievable.
	 The COVID-19 pandemic provided a real-world stress 
test of decentralized imaging workflows. Widespread 
adoption of POCUS for cardiopulmonary triage in 
emergency departments and temporary care settings—
where radiological infrastructure was limited and trained 
sonographers were scarce—demonstrated that portable 
ultrasound can be used effectively with simplified, 
protocolized acquisition approaches under emergency 
conditions. Although primarily used for clinical 
decision-making rather than formal trial endpoints, these 
experiences suggest that structured and protocolized 
ultrasound workflows can be implemented with practical 
feasibility in resource-constrained environments. This 
has important implications for decentralized trial design: 
AI-guided ultrasound acquisition systems may further 
enhance standardization and reproducibility, particularly 
when operator expertise and participant mobility are 
limited.
	 In low- and middle-income countries (LMICs), 
endpoint validity carries an additional dimension: the 
underrepresentation of LMIC populations in clinical 
trials is a recognized threat to the external validity and 
generalizability of trial results. A scoping review of 29 
studies on AI-enabled POCUS applications in limited-
resource settings identified pulmonology medicine and 
obstetrics as the most frequently investigated domains, 
with many studies focusing on diagnostic support and 
workflow facilitation (22). Implementation constraints in 
LMICs differ from those in high-income countries, with 
challenges including infrastructure limitations, lack of 
standardization, and limited data availability rather than 
solely operator training. The fetal ultrasound validation 
data from Zambia (26) and Morocco (27) reviewed in 
Section 3.2.1 provide direct evidence that AI-enabled 
systems can achieve performance comparable to expert 
standards in limited-resource environments. While the 
Zambian study demonstrated the equivalence of AI-
assisted image acquisition by novice operators, the 
Moroccan study showed that automated measurement 
pipelines can reach human-level reproducibility. 
Together, those studies support the feasibility of scalable 
trial endpoints in LMICs.

5. Regulatory and methodological readiness

5.1. Evolving regulatory frameworks for AI-enabled 
medical devices

AI-based medical devices, including those with 
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automated ultrasound or guided image acquisition, are 
subject to regulatory oversight in all major jurisdictions. 
The regulatory treatment of these devices is undergoing 
rapid change as authorities develop frameworks that 
accommodate the unique characteristics of AI: continuous 
learning from post-deployment data, performance that 
may shift over time, and decision processes that resist 
traditional static software validation. An overview of the 
key regulatory features across all three jurisdictions is 
provided in Table 3.
	 United States. The FDA regulates AI-enabled 
ultrasound devices as Software as a Medical Device 
(SaMD) under the device provisions of the Federal 
Food, Drug, and Cosmetic Act. As of March 2026, 
the FDA had authorized more than 1,400 AI-enabled 
medical devices (33). The central regulatory challenge 
for AI-assisted endpoints is managing modifications: 
unlike conventional software, AI/ML models may 
require iterative updates as new training data become 
available, and each modification that could affect safety 
or effectiveness may trigger additional regulatory 
review under traditional 510(k) or De Novo pathways. 
The Predetermined Change Control Plan (PCCP) 
framework, for which the FDA finalized guidance in 
December 2024, addresses this challenge by allowing 
sponsors to pre-specify the categories of changes they 
anticipate making to an algorithm—such as retraining on 
additional data or refining post-processing thresholds—
and to obtain prospective FDA agreement that such 
changes may be implemented without a new marketing 
submission, provided performance monitoring confirms 
they remain within pre-specified bounds (23). The Good 
Machine Learning Practice (GMLP) guiding principles, 
first articulated jointly by the FDA, Health Canada, and 
the UK's Medicines and Healthcare products Regulatory 
Agency and later elaborated through IMDRF, provide 
upstream development expectations applicable across 
AI/ML medical devices regardless of pathway (25,30). 
These principles cover data management, reference 
standard selection, and specification of clinically 
meaningful performance targets, and they complement 
the PCCP by defining the quality baseline against which 
predetermined changes should be evaluated.
	 Japan. Japan's regulatory approach to AI-enabled 
medical devices has developed alongside international 
SaMD and GMLP frameworks while retaining its own 

approval and consultation pathways. The original GMLP 
guiding principles were published jointly by the U.S. 
FDA, Health Canada, and the UK's Medicines and 
Healthcare products Regulatory Agency in 2021 (25) 
and were subsequently reflected in IMDRF guidance, 
in whose activities Japan participates (30). In Japan, AI-
enabled medical devices are reviewed within the existing 
medical device regulatory framework administered by 
the MHLW and PMDA (34), and PMDA has established 
dedicated review and consultation pathways for SaMD 
(35). Risk management considerations are informed by 
internationally recognized medical device standards, 
including ISO 14971, alongside SaMD concepts 
developed through IMDRF. For qualifying innovative 
products, the SAKIGAKE Designation System may offer 
priority consultation and review for devices addressing 
unmet clinical needs (36).
	 European Union. The EU Artificial Intelligence 
Act (Regulation (EU) 2024/1689), which entered into 
force on August 1, 2024, applies on a phased timetable 
(24). The Act becomes generally applicable on August 
2, 2026, while high-risk AI systems embedded in 
regulated products such as medical devices have an 
extended transition period until August 2, 2027 (24). AI-
enabled ultrasound systems that guide image acquisition 
or automate measurement will usually need to satisfy 
the AI Act along with the Medical Device Regulation 
(MDR) or In Vitro Diagnostic Regulation (IVDR), 
rather than instead of them. This means sponsors and 
developers should anticipate requirements for technical 
documentation, risk management, human oversight, 
and post-market monitoring that are complementary to 
CE-marking obligations under product law. The phased 
implementation timeline gives developers a defined 
window to adapt existing systems, but it also means that 
regulatory planning for EU-inclusive trials should begin 
well before the 2027 deadline.

5.2. Implications for clinical trial design

The regulatory frameworks described above have direct 
implications for how AI-assisted ultrasound will be 
used to ascertain endpoints throughout the duration of a 
clinical trial.
	 PCCP and intra-trial model changes. A critical 
but underappreciated issue in trials using AI to ascertain 
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Table 3. The key regulatory features across the three jurisdictions

Jurisdiction

United States (FDA)

Japan (PMDA)

European Union

Key framework

SaMD / PCCP (23)

SaMD / ISO 14971 (34,35)

EU AI Act (24) + MDR/IVDR

Change management

Predetermined changes pre-agreed with the FDA

Variation submission; IMDRF GMLP alignment 
(30)

Post-market monitoring + PCCP equivalent

Data requirements

GMLP principles (25)

Pseudonymized data guidelines 
(MHLW)

Technical documentation per AI Act 
Annex IV
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endpoints is algorithm stability. If a trial spans two or 
more years—as is typical for cardiovascular outcome 
studies—the sponsor may wish to retrain or update 
the algorithm on expanded data during the trial period 
to correct drift or improve accuracy in newly enrolled 
subpopulations. Under conventional validation 
paradigms, any modification would require re-validation 
of the endpoint definition and potentially revision of the 
statistical analysis plan. The PCCP framework provides 
a mechanism for managing such changes in a pre-
specified, regulatory-compliant manner: if the scope 
and performance bounds of anticipated modifications 
are agreed upon with the regulator before trial initiation, 
updates can proceed without undermining endpoint 
integrity (23). Trial sponsors should therefore consider 
developing a PCCP for endpoints ascertained using AI 
in parallel with protocol development, treating algorithm 
change management as an essential element of defining 
endpoints.
	 Post-marketing performance monitoring. FDA 
requirements and the emerging EU AI Act compliance 
framework both point toward ongoing performance 
monitoring of AI systems while in use. For trial sponsors 
using AI-assisted endpoints, this translates into continued 
collection of performance data—often through a random 
or risk-based sample of AI measurements compared 
against a human reference—throughout the study. 
Integrating this monitoring into the workflow of the 
central imaging laboratory adds operational complexity 
but can provide early warning if systematic performance 
degradation is detected.
	 Statistical analysis plan (SAP) considerations 
for AI endpoints. A frequently overlooked dimension 
of incorporating AI measurements into clinical trials is 
their pre-specification in the SAP. Unlike conventional 
imaging endpoints, AI measurement algorithms produce 
point estimates that may be accompanied by model 
confidence scores or prediction intervals; the SAP must 
specify whether these uncertainty outputs will be used 
as covariates, to exclude low-confidence measurements 
from the primary analysis, or to trigger adjudication by a 
human reader. The equivalence or non-inferiority margin 
for the AI endpoint should be determined in consultation 
with regulators before database lock and should be stated 
explicitly in the SAP rather than inferred post-hoc. When 
the AI measurement serves as a surrogate endpoint, the 
statistical linkage between the surrogate and the clinical 
outcome of interest should be defined and cited in the 
protocol, following the Prentice criteria or an equivalent 
framework for surrogate endpoint validation. Finally, 
subgroup performance analyses—stratified by sex, age, 
body mass index, and scanner type—should be pre-
specified as secondary endpoints rather than exploratory 
analyses, given documented evidence of differential AI 
performance in musculoskeletal ultrasound (12) and 
the recognized risk of analogous biases across imaging 
domains.

5.3. Federated learning as a regulatory-compliant 
infrastructure

The four reporting and evaluation frameworks described 
in Section 3.4—STARD-AI, PROBAST+AI, DECIDE-
AI, and FUTURE-AI—have important implications for 
regulatory preparedness even though they are not, by 
themselves, binding regulatory instruments. Applied 
prospectively rather than retrospectively, they help 
shape the pre-approval evidence package and the post-
deployment monitoring structure that regulators and 
sponsors increasingly expect. FUTURE-AI's emphasis 
on traceability is especially relevant: algorithm version, 
training data provenance, and inference settings should 
be logged for endpoint-generating systems so that 
discrepancies can be audited if they arise during trial 
oversight or regulatory review.
	 Federated learning architectures provide a technical 
mechanism through which PCCP-defined model updates 
may be implemented across sites, rather than directly 
fulfilling the PCCP requirements themselves. By 
enabling each trial site to compute local model updates 
on its own patient data and contribute only aggregated 
gradient information to a central server, federated 
learning allows iterative model refinement without 
centralizing identifiable patient records, substantially 
reducing cross-site data transfer risks and achieving 
compliance with the General Data Protection Regulation 
and Act on the Protection of Personal Information data 
minimization principles. Complementary privacy-
preserving measures—including differential privacy 
and secure aggregation protocols—are recommended 
to guard against gradient inversion attacks that can 
partially reconstruct training data from shared gradients. 
UltraFedFM demonstrated this approach at scale, pre-
training across 16 institutions in nine countries using over 
one million unlabeled images to achieve an AUROC of 
0.927 for disease classification and a Dice coefficient of 
0.878 for lesion segmentation (9). For a multi-center trial 
using a PCCP-governed AI endpoint, federated learning 
provides the infrastructure through which algorithm 
updates agreed upon in the PCCP can be implemented 
across all sites without requiring patient data transfer—
converting what would otherwise be a regulatory and 
logistical obstacle into a routine, pre-authorized model 
maintenance cycle.

6. Future directions and challenges

6.1. Validation standards

The most pressing unresolved challenge for AI-assisted 
ultrasound in clinical trials is the absence of agreed 
minimum standards for external validity. The evidence 
hierarchy described in Section 3.2 provides a conceptual 
framework, but trial sponsors currently have no single 
authoritative checklist specifying what degree of external 

(100)



Drug Discoveries & Therapeutics. 2026; 20(2):91-103.                                    www.ddtjournal.comDrug Discoveries & Therapeutics. 2026; 20(2):91-103.                                    www.ddtjournal.com

validation is sufficient before an AI measurement 
algorithm is adopted to ascertain a primary trial endpoint. 
Translating STARD-AI and PROBAST+AI principles 
into a concise, endpoint-specific validation template 
could lower the barrier to regulatory acceptance and 
reduce redundant validation work across independent 
trial programs (14,15).

6.2. Data infrastructure and foundation models

The federated foundation model paradigm exemplified 
by UltraFedFM (9) suggests a potentially important 
direction for ultrasound AI infrastructure. Rather than 
developing a separate model de novo for each trial, 
in the future AI-assisted ultrasound may increasingly 
be adapted from large pre-trained models that are 
subsequently fine-tuned for specific clinical or trial 
applications and which are then used to ascertain 
endpoints. If validated across endpoint-specific use 
cases, such an approach could reduce the amount of 
task-specific labelled data required and may improve 
cross-site robustness by capturing a broader range of 
scanner, operator, and population variability during pre-
training. However, whether these advantages translate 
consistently to regulated trial endpoints still needs to be 
established. Realizing this potential would likely require 
expansion of federated training networks, with broader 
representation of community hospitals and LMICs. 
More diverse participation could help reduce the risk 
that foundation models reflect predominantly tertiary-
center patient populations, workflows, or equipment 
characteristics.
	 The public data ecosystem also requires investment. 
The SonoDQS catalog identified 72 public datasets as 
of late 2025, but fetal and prostate ultrasound remain 
substantially underrepresented relative to the frequency 
of their clinical use (13). Enhancing coordinated data-
sharing initiatives—and particularly those that include 
standardized acquisition metadata, demographic 
descriptors, and reference-standard labels—could 
facilitate both more reproducible algorithm development 
and more credible independent benchmarking.

6.3. Limitations of this review

Several limitations should be acknowledged. First, this 
is a narrative review and does not claim to represent a 
systematic or exhaustive survey of the literature; papers 
were selected to illustrate key methodological and 
regulatory principles, and the evidence presented may 
not reflect the full breadth of published findings. Second, 
the clinical validation evidence is weighted toward AI-
assisted echocardiography, reflecting the current state of 
the field: rigorous multi-center prospective studies and 
RCTs mostly involve cardiac imaging, while evidence 
levels are lower for fetal, hepatic, musculoskeletal, and 
vascular ultrasound. Conclusions about the regulatory 

and methodological readiness of AI endpoints in non-
cardiac domains should therefore be interpreted as 
anticipatory rather than established. Third, this review 
draws primarily on English-language literature and 
published regulatory guidance from the United States, 
European Union, and Japan; evidence and frameworks 
from other jurisdictions—including China, South Korea, 
and Brazil, each of which has issued AI medical device 
guidance—were not systematically covered. Fourth, 
the regulatory landscape is changing rapidly: specific 
timelines, guidance documents, and device inventories 
cited here reflect the state of affairs as of early 2026, and 
readers should verify their current status through primary 
regulatory sources before relying on these details for 
submission purposes.

7. Conclusion

AI-assisted ultrasound is advancing from research proof-
of-concept toward operational use as a clinical trial 
tool, with a growing body of prospective evidence and 
formalized guidance supporting this transformation. 
The three evidence domains reviewed here—
automated endpoint measurement, AI-guided ultrasound 
acquisition in decentralized settings, and regulatory and 
methodological readiness—each now rest on more than 
speculative promise, but routine adoption is limited in 
most non-cardiac ultrasound applications.
	 For investigators designing trials with ultrasound-
based endpoints, the practical implications are 
increasingly clear. Automated measurement algorithms 
should be validated against a pre-specified equivalence 
or performance criterion before using them to ascertain 
primary endpoints, and subgroup performance and 
domain shift analyses should be reported transparently 
in accordance with frameworks such as STARD-AI 
or PROBAST+AI. AI-guided ultrasound acquisition 
protocols should be evaluated in the intended operator 
population - not merely in trained sonographers - before 
adoption in DCT designs. Regulatory interactions should 
consider change-management planning from the outset 
so that future algorithm modification is handled through 
a prospectively defined process rather than an avoidable 
protocol-amendment crisis.
	 For regulators and guideline developers, the most 
productive near-term investment is in harmonization: 
of cross-vendor benchmark standards, of endpoint 
validation templates, and of data sharing norms that 
shape public ultrasound resources to meet clinical need. 
These convergences will not occur spontaneously; they 
require coordinated action across the research, industry, 
and regulatory communities that this review addresses 
collectively.
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1. Introduction

Inflammatory bowel disease (IBD) is a chronic, relapsing 
inflammatory disorder of the gastrointestinal tract, driven 
by complex interactions between genetic susceptibility, 
immune dysregulation, environmental factors, and 
disturbances in gut microbiota that disrupt intestinal 
homeostasis (1). IBD primarily includes ulcerative 
colitis (UC) and Crohn's disease (CD). UC mainly 
involves the colon and rectum, presenting as continuous 
mucosal inflammation (2); whereas CD can affect the 
entire gastrointestinal tract, exhibiting skip lesions and 
transmural inflammation (3). IBD was long considered 
a disease specific to Western industrialized nations. 
However, accelerated globalization, profound dietary 
Westernization, antibiotic overuse, and environmental 
changes have led to its rapid spread in emerging 
economies across Asia, South America, and Africa, 

evolving it into a global epidemic (4-7) . This profound 
epidemiological shift further underscores the central role 
of complex gene-environment interactions in disease 
pathogenesis (8). According to the Global Burden of 
Disease (GBD) 2021 estimates, there are approximately 
3.83 million cases of chronic inflammatory bowel disease 
worldwide, with 375,000 new cases and 42,000 deaths 
in 2021, resulting in more than 1.5 million disability-
adjusted life years (DALYs) lost (9). IBD significantly 
impacts patients' quality of life, with long-term and 
severe symptoms contributing to substantial social, 
emotional, and economic burdens. Studies show that the 
prevalence of anxiety and depression among IBD patients 
is 35.1% and 21.6%, respectively (10). Furthermore, the 
long-term complications of IBD, including colorectal 
cancer (CRC) (with a 7% risk for patients with 30 years 
of disease duration) (11), intestinal strictures, fistula 
formation, and extra-intestinal manifestations (such as 
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SUMMARY: Inflammatory bowel disease (IBD) is a digestive system disorder characterized by chronic recurrent 
inflammation, primarily including ulcerative colitis (UC) and Crohn's disease (CD). Although modern precision 
medicine therapies, represented by biologics and small-molecule drugs, have reshaped the IBD treatment landscape, 
clinical practice still faces challenges such as primary non-response, secondary loss of response, risks of severe 
opportunistic infections, and an increasingly heavy health-economic burden. Traditional Chinese Medicine (TCM), 
as a unique medical system with millennia of clinical experience and guided by its distinct theoretical framework of 
"holistic concept" and "treatment based on syndrome differentiation," shows great potential in IBD management. In 
recent years, advances in evidence-based medicine and modern biotechnology have propelled TCM research in IBD 
from empirical treatment toward precision medicine. TCM exerts its effects through multi-target and multi-pathway 
mechanisms, demonstrating unique advantages particularly in immunomodulation, intestinal barrier repair, and gut 
microbiota regulation. Furthermore, modern research, from holistic perspectives such as the "gut-lung axis" and "gut-
brain axis," scientifically interprets the modern biological connotations of traditional TCM theories, providing new 
understanding for TCM's application in IBD. Concurrently, this article discusses the revolutionary progress of nanodrug 
delivery systems and multi-omics technologies in enhancing the bioavailability of TCM components, reducing toxicity, 
and elucidating complex mechanisms. It aims to construct a modern scientific framework for TCM in treating IBD 
through the dual macroscopic and microscopic perspectives of systems biology and translational medicine, offering 
insights for achieving precision therapy, whole-life-cycle management of IBD, and complementary integration of 
Chinese and Western medicine.

Keywords: Inflammatory bowel disease, traditional Chinese medicine, immunomodulation, intestinal barrier, gut 
microbiota
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arthritis and liver disease), increase the risk of disability 
and mortality. Among Crohn's disease (CD) patients, 
approximately 33% will develop intestinal strictures, 
with 7.8% having multiple strictures; 10.6% will 
develop fistulas, with perianal fistulas being the most 
common. Long-term follow-up studies indicate that 
around 50% of CD patients will experience strictures 
and/or fistulas within 20 years of diagnosis, significantly 
impacting quality of life and increasing clinical resource 
consumption (12).
	 Current therapeutic goals have evolved from mere 
clinical symptom remission to endoscopic mucosal 
healing and even deeper histological healing. Although 
modern medicine has achieved milestone progress in 
IBD treatment — from conventional 5-aminosalicylic 
acid (5-ASA), corticosteroids, and immunomodulators 
to biologics and small-molecule drugs — limitations 
remain in clinical practice. Some patients exhibit primary 
non-response to biologics or develop secondary loss of 
response due to anti-drug antibodies. Furthermore, the 
risks of infection and malignancy associated with long-
term immunosuppressive therapy cannot be ignored (13). 
Although these treatments improve clinical outcomes, 
they do not provide a cure, and their side effects limit 
their long-term use. Additionally, the high cost of 
biologic treatments and their accessibility remain a 
critical issue, particularly in low-resource settings (14). 
Therefore, novel, safer, and more effective therapies are 
urgently needed to address the remaining gaps in the 
management of IBD.
	 Traditional Chinese Medicine (TCM), a treasure of 
Chinese civilization, has a rich theoretical foundation 
in the treatment of IBD. UC is often categorized as 
"chronic dysentery". Its pathogenesis is generally 
characterized by the intermingling of deficiency and 
excess, with damp-heat accumulation in the large 
intestine and qi stagnation regarded as major pathogenic 
factors (15). The pathogenesis of CD is more complex, 
often involving intermingled cold and heat, deficiency 
and excess, and is prone to forming intestinal strictures 
("accumulation") as the disease progresses (15,16). 
Unlike modern medicine's focus on "antagonistic" 
therapy blocking single or specific inflammatory 
pathways, TCM emphasizes "harmonization," restoring 
the body's immune homeostasis, microecological 
balance, and barrier integrity through the synergistic 
action of multiple components, targets, and levels. 
Recently, with the rigorous introduction of evidence-
based medicine methodologies and rapid development 
of modern biotechnology, TCM research in IBD has 
successfully transcended the boundaries of empirical 
medicine, entering a new stage of mechanistic 
elucidation and precision translation. This is not only 
due to numerous high-quality randomized controlled 
trials (RCTs) confirming the efficacy of Chinese herbs 
in inducing and maintaining remission but also because 
basic research has deeply revealed their fine regulatory 

mechanisms at the molecular and cellular levels (17,18). 
Furthermore, research and application of nanodrug 
delivery systems can significantly enhance the solubility 
and bioavailability of TCM components, reduce side 
effects through targeted delivery, opening new prospects 
for the modernization and internationalization of TCM.
	 This article will review and summarize the 
application and research progress of TCM formulas 
in IBD treatment, focusing on their mechanisms of 
action in regulating the immune microenvironment, 
intestinal barrier function, and gut microbiota balance. 
It aims to provide theoretical support for the evidence-
based application of TCM in IBD treatment and 
offer a scientific basis for future precision therapy. A 
comprehensive literature search was conducted across 
multiple databases, including PubMed, Web of Science, 
MEDLINE, EMBASE, Springer LINK, Wanfang 
Database, China Biomedical Literature Database, and 
China National Knowledge Infrastructure (CNKI). 
The keywords used for the search were "inflammatory 
bowel disease" (including "ulcerative colitis" or "Crohn's 
disease") and "Traditional Chinese Medicine". All 
selected articles were published between 2016 and 2026.

2. New evidence for clinical efficacy and application 
strategies of classical TCM formulas

TCM formulas are the core vehicle of TCM treatment, 
designed according to the rigorous compatibility 
principle of "sovereign, minister, assistant, and envoy" 
("Jun Chen Zuo Shi"), embodying the essence of 
systematic TCM therapy. TCM formulas holds unique 
advantages in treating IBD, manifested through 
synergistic regulation of multiple targets and pathways 
(Figure 1). Its application strategies are flexible and 
diverse, serving as independent therapy for mild-to-
moderate patients or as adjuvant therapy for severe or 
refractory cases to enhance Western drug efficacy and 
reduce side effects (Table 1). Its clinical value has been 
validated through long-term practice, and recent evidence 
from evidence-based medicine has further solidified its 
therapeutic efficacy.

2.1. Shenling Baizhu San

Shenling Baizhu San, originating from the Taiping 
Huimin Heji Ju Fang in the Song Dynasty, consists of 
ginseng, Atractylodes, Poria, Chinese yam, lotus seed, 
hyacinth bean, coix seed, Amomum, Platycodon, and 
licorice. It is a classic formula for treating "Spleen 
Deficiency and Dampness Stagnation," commonly used 
in the clinical practice of IBD, particularly during the 
remission phase or for mild to moderate active IBD. It 
is effective in improving symptoms such as diarrhea, 
fatigue, and poor appetite (19,20). In the context of IBD, 
especially UC, this formula is explicitly recommended 
as the first choice for treating the spleen deficiency 
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pediatric and adolescent UC patients, and another on 70 
elderly UC patients with bloody diarrhea all confirmed 
the positive role of Shenling Baizhu San in UC treatment 
(25-27). A more comprehensive prospective cohort study 
(48 patients) showed that 8 weeks of Shenling Baizhu 
San combined therapy not only significantly improved 
clinical symptoms and endoscopic mucosal healing 
but also verified its effects through 16S sequencing 
and metabolomics, showing close associations with 
gut microbiota remodeling and increased levels of 
tryptophan metabolites (such as IPA, IAA) (28). This 
finding clarifies the key mechanism of the "microbiota-
tryptophan metabolic axis" in the synergistic effect 
of Shenling Baizhu San. Overall, Shenling Baizhu 
San demonstrates multiple clinical advantages in UC 
treatment, including symptom relief, disease activity 
reduction, mucosal healing, and providing a new 
treatment mechanism through gut microbiota and 
metabolic pathway regulation.

2.2. Shaoyao Tang

Shaoyao Tang, originating from the "Su Wen Bing 

and dampness stagnation type according to diagnostic 
and therapeutic guidelines (21,22), and is suitable for 
mild to moderate active phase and remission phase UC, 
especially for managing chronic relapsing UC.
	 Recent evidence from evidence-based medicine has 
further confirmed the clinical efficacy and synergistic 
value of Shenling Baizhu San (23). For example, a 
meta-analysis published in China Pharmacy (including 
14 RCTs with 1,177 UC patients) demonstrated 
that the combination of Shenling Baizhu San with 
5-aminosalicylic acid (5-ASA) significantly improved 
the total response rate compared to 5-ASA alone, 
reducing the disease activity index (DAI) and lowering 
pro-inflammatory cytokines such as TNF-α and IL-17 
(24). The 2023 Guidelines for the Integrated Diagnosis 
and Treatment of UC further consolidated the evidence, 
confirming the advantages of combining Shenling 
Baizhu San with Western medications in improving 
clinical efficacy, reducing DAI scores, and alleviating 
symptoms such as abdominal pain and diarrhea. 
Additionally, recent randomized controlled trials (RCTs) 
have further verified its efficacy. For instance, a domestic 
study involving 100 UC patients, a study including 62 

Figure 1. Molecular immune and cell biological mechanisms of traditional Chinese medicine (TCM) in treating inflammatory bowel disease 
(IBD). This figure depicts the multifaceted therapeutic actions of TCM in IBD, organized into four core modules: 1. Immune microenvironment fine-
tuning: TCM modulates NLRP3 inflammasome/pyroptosis, M1/M2 macrophage balance, and Th17/Treg tolerance to suppress inflammation. 2. Gut 
barrier repair & anti-fibrosis: TCM promotes Lgr5+ ISC expansion and epithelial regeneration, sustains EGC activity, and inhibits myofibroblast 
activation/ECM deposition to mitigate fibrosis. 3. Microbiota & metabolite mediation: TCM regulates gut microbiota as well as the metabolism 
of tryptophan, bile acids, and short-chain fatty acids to enhance barrier function and reduce inflammation. 4. Holistic regulation: TCM suppresses 
aberrant immune cell trafficking by regulating homing receptors (CCR9/CCL25 and α4β7/MAdCAM-1) in the gut-lung axis, and modulates 
neurotransmitters (5-HT, CGRP) to attenuate visceral hypersensitivity in the gut-brain axis, exerting holistic therapeutic effects.
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Ji Qi Yi Bao Ming Ji", is based on the core functions 
of "clearing heat and drying dampness, regulating 
Qi and promoting blood circulation." It consists of 
nine herbs: white peony root, Chinese angelica root, 
Coptis root, areca nut, costus root, rhubarb root, Baikal 
skullcap root, cinnamon bark, and licorice root. This 
classic formula is used in the treatment of "Damp-Heat 
Accumulation in the Large Intestine" and has been 
strongly recommended in the 2023 Guidelines for the 
Integrated Diagnosis and Treatment of UC for mild to 
moderate active UC, especially those presenting with 
abdominal pain, tenesmus, and bloody diarrhea. It is 
also strongly recommended (Grade III evidence) as an 
adjunctive therapy in moderate to severe UC when used 
in combination with biologics (21,29,30).
	 Multiple evidence-based studies have confirmed its 
synergistic value. The latest meta-analysis (including 
23 RCTs) demonstrated that Shaoyao Tang, whether 
used alone or in combination with Western medicines, 
significantly improved clinical efficacy, symptom 
efficacy, and quality of life (IBDQ scores), while also 
reducing recurrence rates and decreasing levels of pro-
inflammatory cytokines such as TNF-α, IL-1β, and IL-
6, and increasing the expression of anti-inflammatory 
cytokines such as IL-4 and IL-10 (31). The 2023 
guidelines further summarize this evidence, confirming 
the combination of Shaoyao Tang with mesalazine in 
mild to moderate UC improves clinical remission rates, 
endoscopic response rates, and mucosal healing rates 
(30). RCTs of different disease stages further verify its 
efficacy: in mild to moderate UC (127 patients, RCT), 
Shaoyao Tang combined with mesalazine for 4 weeks 
showed a clinical remission rate of approximately 
80%, significantly better than mesalazine alone, and 
significantly improved symptom scores for abdominal 
pain and diarrhea, as well as Baron endoscopic scores 
(32); in moderate to severe UC (68 patients, RCT), 
infliximab combined with Shaoyao Tang for 12 weeks 
showed superior clinical efficacy, Mayo scores, and 
endoscopic scores compared to infliximab alone (33). 
Moreover, Shaoyao Tang is considered to have good 
overall safety, with most RCTs reporting no significant 
adverse reactions. Meta-analysis results show that the 
incidence of adverse events in the combination therapy 
group was not higher than that in the monotherapy group, 
and some studies even suggested that combined therapy 
could significantly reduce adverse events, with no severe 
adverse events reported, though long-term safety still 
needs further verification.

2.3. Baitouweng Decoction

Baitouweng Decoction, originating from the Shang 
Han Lun, is based on the core functions of "clearing 
heat and detoxifying, cooling the blood, and stopping 
dysentery." It consists of four herbs: Pulsatilla root, 
Coptis root, Phellodendron bark, and Ash bark. This 

formula is a classic treatment for "Heat-Toxin Excess" 
and "Damp-Heat Accumulation" type UC. It is explicitly 
listed as a core formula for the active phase of UC 
in both the Expert Consensus on the Diagnosis and 
Treatment of UC in Traditional Chinese Medicine 
(2017) and the Expert Consensus on the Diagnosis and 
Treatment of UC in Traditional Chinese Medicine (2023), 
particularly for patients with prominent symptoms of 
abdominal pain, diarrhea, and bloody stools, and is 
commonly administered orally or as a retention enema in 
combination with Western medications (21).
	 Multiple evidence-based studies have confirmed 
the significant efficacy of Baitouweng Decoction in 
UC treatment. A 2024 meta-analysis (including 24 
RCTs with 2,131 patients) showed that Baitouweng 
Decoction, whether used alone or in combination 
with conventional Western medications, significantly 
improved clinical efficacy, reduced TCM syndrome 
scores and Baron endoscopic scores, and improved the 
inflammatory factor profile, with significant decreases 
in serum TNF-α and IL-8 levels, and an increase in anti-
inflammatory IL-10 levels (34). Further clinical studies 
have verified its synergistic effect. A prospective cohort 
study (50 patients) demonstrated that Baitouweng 
Decoction combined with Western medicines for 30 
days significantly improved clinical remission rates 
(69.2% vs. 37.5%) and total effective rates (84.6% vs. 
58.3%) compared to Western medicines alone, with 
better reductions in ESR and fecal calprotectin levels and 
no significant adverse reactions (35); in another RCT 
(44 patients), Baitouweng Decoction combined with 
mesalazine for 30 days resulted in greater improvements 
in clinical efficacy and IBDQ quality of life scores 
compared to mesalazine alone, with significant increases 
in CD4+/CD8+ ratio and NK cell levels, and more 
significant reductions in TNF-α, IL-17, and IL-23 (36). 
A large sample RCT further confirmed that Baitouweng 
Decoction combined with mesalazine was superior 
in intestinal mucosal barrier repair, CRP, and mucin 
improvements, with a lower relapse rate compared to 
mesalazine alone (37). The overall safety of this formula 
is also good, with very few adverse events, mostly mild 
gastrointestinal discomfort such as nausea, and no severe 
adverse reactions reported. Meta-analysis results indicate 
no significant difference in adverse event rates between 
the combined therapy and monotherapy groups.

2.4. Tongxie Yaofang

Tongxie Yaofang, originating from Danxi Xinfa, consists 
of fried Atractylodes rhizome, fried white peony root, 
tangerine peel, and Saposhnikovia root. Its core functions 
include "soothing the liver, strengthening the spleen, 
dispelling dampness, and stopping diarrhea," making 
it a classic formula for treating "Liver Qi stagnation 
and Spleen deficiency" type ulcerative colitis (UC) in 
TCM. This formula is clearly recommended in relevant 
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guidelines and expert consensus, particularly for patients 
with mild to moderate active UC, especially those 
presenting with abdominal pain, diarrhea, and stress-
related symptoms. It is commonly used in combination 
with mesalazine or other Western medications to enhance 
therapeutic efficacy (21,30).
	 In recent years, clinical studies based on randomized 
controlled trials (RCTs) have confirmed the clinical 
efficacy of Tongxie Yaofang. For example, a multicenter 
RCT including 40 UC patients with liver-spleen 
disharmony type in the active phase showed that after 
12 weeks of combined treatment with mesalazine and 
Tongxie Yaofang, the experimental group significantly 
outperformed the control group (treated with mesalazine 
alone) in terms of the Sutherland index, Baron mucosal 
scores, and modified Mayo scores. Moreover, immune 
function markers (such as CD4+, CD4/CD8 ratio, 
and NK cell levels) and intestinal mucosal barrier 
function (with upregulation of tight junction proteins 
and downregulation of β-defensin) were significantly 
improved in the experimental group, demonstrating 
that Tongxie Yaofang enhances therapeutic outcomes 
through immune and mucosal barrier regulation (38). 
Additionally, several similar RCTs have reported that the 
combination therapy group showed significantly greater 
reductions in core symptoms such as abdominal pain, 
diarrhea, and bloody stools compared to the mesalazine-
only group. This formula is also a representative 
remedy for regulating the "gut-brain axis." Research has 
confirmed its ability to reduce visceral hypersensitivity, 
regulate both central and peripheral serotonin (5-
HT) levels, and modulate gut immune-epithelial 
communication through the IL-10RA/NF-κB pathway, 
alleviating stress-induced intestinal inflammation (39).

2.5. Gegen Qinlian Tang

Gegen Qinlian Tang is a classic TCM formula composed 
of Pueraria root, Baikal skullcap root, Coptis root, and 
roasted licorice root. Its core functions are "clearing 
heat, draining dampness, stopping diarrhea, and treating 
dysentery," and it is widely used to treat damp-heat 
type ulcerative colitis (UC). In clinical practice, Gegen 
Qinlian Tang is often used as an adjunctive therapy for 
UC patients with damp-heat syndrome, administered 
either orally or as a retention enema.
	 The clinical efficacy of Gegen Qinlian Tang has also 
been supported by relevant RCTs and meta-analysis 
evidence. An RCT including 60 patients showed that 
after 8–12 weeks of combined treatment with Gegen 
Qinlian Tang and mesalazine, the total effective rate 
was significantly higher than that of mesalazine alone 
(96.66% vs. 60.00%), with a reduction in the incidence 
of adverse effects. Additionally, combination therapy 
significantly lowered inflammatory markers such as 
IL-8, TNF-α, and CRP (40). Another RCT involving 
120 patients with damp-heat type UC employed a 

modified version of Gegen Qinlian Tang combined with 
acupuncture and mesalazine/pefloxacin for 1 month. The 
total effective rate also increased significantly, and the 
combination group showed superior improvements in 
the Geboes index, Baron score, and IBDQ score, with 
a lower relapse rate at 6 months (41). The latest meta-
analysis further confirmed that combination therapy 
improves the overall effective rate (RR = 1.22), reduces 
the adverse event rate (RR = 0.59), and significantly 
improves the modified Mayo score and Baron endoscopic 
score (42). The adverse effects of Gegen Qinlian Tang 
are mainly mild gastrointestinal discomfort, with no 
reports of serious adverse reactions, demonstrating good 
tolerance in treating damp-heat type UC. Therefore, it is 
commonly recommended by guidelines as an adjunctive 
therapy for damp-heat type UC (30).

3. Molecular immunology and cellular biology 
mechanisms of TCM in treating IBD

3.1. Fine-tuned regulation of the immune microenvironment

The immune microenvironment plays a pivotal role 
in the initiation and perpetuation of IBD. Immune 
dysregulation in IBD is mainly manifested by aberrant 
activation of immune cells, imbalanced cytokine 
secretion, and disruption of intestinal barrier integrity. 
Increasing evidence suggests that modulation of the 
immune microenvironment — particularly through key 
mechanisms such as NLRP3 inflammasome activation, 
macrophage polarization, and Th17/Treg imbalance — 
can provide novel theoretical support and therapeutic 
strategies for IBD management.

3.1.1. Targeting the NLRP3 inflammasome and pyroptosis

The NLRP3 inflammasome is a core sensor of the 
innate immune system. Its excessive activation leads 
to caspase-1–mediated cleavage of gasdermin D, 
thereby inducing pyroptosis and massive release of pro-
inflammatory cytokines such as IL-1β and IL-18. The 
excessive production of these cytokines is considered 
one of the major driving forces of the inflammatory 
storm in IBD. Multiple active components derived from 
TCM have been shown to specifically inhibit NLRP3 
inflammasome activation. For instance, ginsenosides 
Rg2 and Rd promote mitophagy, facilitating the 
clearance of damaged mitochondria and reducing the 
release of mitochondrial reactive oxygen species (ROS) 
and mitochondrial DNA (mtDNA), thereby blocking 
NLRP3 activation at its source (43). Shaoyao Decoction 
suppresses the upstream MKP1/NF-κB signaling 
pathway, resulting in reduced transcription of NLRP3 
and pro-IL-1β (44). In contrast, Baitouweng Decoction 
modulates bile acid metabolism, activates the farnesoid 
X receptor (FXR), and interacts with NF-κB signaling to 
inhibit NLRP3 expression. This form of "metabolism–



Drug Discoveries & Therapeutics. 2026; 20(2):104-118.                                  www.ddtjournal.comDrug Discoveries & Therapeutics. 2026; 20(2):104-118.                                  www.ddtjournal.com

(110)

immunity" crosstalk represents a novel perspective on 
TCM-based intervention, highlighting the potential of 
herbal medicine in regulating pyroptosis and immune-
driven inflammation (45).

3.1.2. Remodeling macrophage polarization (M1/M2 
balance)

Macrophages play a critical role in immune tolerance, 
and their plasticity determines the balance of the immune 
microenvironment. In IBD, macrophages are polarized 
toward the pro-inflammatory M1 phenotype, which 
secretes large amounts of pro-inflammatory factors and 
promotes disease progression. The therapeutic goal is to 
reprogram M1 macrophages into the anti-inflammatory 
and tissue-repairing M2 phenotype, thereby alleviating 
inflammation and promoting intestinal repair. The 
AMPK–PPARγ axis is a key pathway regulating M1/
M2 macrophage polarization. The Gegen Qinlian 
(GGQL) nanoformulation contains components such 
as berberine and puerarin, which upregulate PPARγ 
expression through activation of AMPK phosphorylation. 
As a nuclear receptor, PPARγ can directly suppress 
the transcription of inflammatory genes and promote 
the expression of M2 markers (such as CD206, Arg1, 
and IL-10), thereby effectively enhancing immune 
tolerance and intestinal repair (46). Shenling Baizhu 
San has also been shown to reduce M1 polarization 
and increase the proportion of M2 macrophages by 
inhibiting the PI3K/Akt pathway, further promoting the 
repair of the intestinal mucosa. These TCM components 
exhibit significant effects in remodeling macrophage 
polarization, providing new insights into immunotherapy 
for IBD (47).

3.1.3. Regulation of Th17/Treg imbalance

Th17 /Treg  imba l ance  i s  a  key  even t  i n  t he 
immunopathological process of IBD. Th17 cells drive 
intestinal mucosal inflammation by secreting pro-
inflammatory cytokines such as IL-17 and IL-21, 
whereas Treg cells suppress excessive immune responses 
and maintain tolerance through IL-10 and TGF-β 
(48). The inflammatory microenvironment, STAT3/
STAT5 signaling pathways, intestinal microbiota, and 
metabolic products jointly regulate the differentiation 
and function of Th17 and Treg cells. In IBD, the relative 
overexpression of pro-inflammatory Th17 cells and 
the reduction or functional impairment of suppressive 
Treg cells disrupt immune homeostasis, representing 
an important mechanism underlying persistent 
inflammation (49). Several TCM components, such as 
curcumin, triptolide, and Qingjie Fuzheng granules, have 
shown significant effects in restoring the Th17/Treg 
balance. These components inhibit Th17 differentiation 
by suppressing STAT3 phosphorylat ion while 
promoting Treg differentiation by enhancing STAT5 

phosphorylation, thereby restoring immune tolerance. In 
this manner, curcumin and related compounds not only 
alleviate Th17-mediated pro-inflammatory responses but 
also enhance the immunosuppressive function of Treg 
cells, providing new immunomodulatory strategies for 
IBD treatment (50).

3.2. Repair and regeneration of the intestinal barrier

The homeostasis of the intestinal barrier is fundamental 
for maintaining the separation between the intestinal 
lumen and the internal environment of the host. Damage 
to the intestinal barrier is one of the key events in the 
pathogenesis of IBD. Repair of the intestinal barrier 
involves multiple aspects, including reinforcement of 
the mechanical barrier, regeneration of epithelial cells, 
neuroimmune interaction, and prevention of pathological 
fibrosis (51). Therefore, restoration of intestinal 
homeostasis and termination of chronic inflammation 
require a comprehensive repair of the intestinal barrier.

3.2.1. Reinforcement of the mechanical barrier and 
intestinal stem cells (ISCs)

The mechanical barrier is mainly composed of intestinal 
epithelial cells and their tight junction complexes (such 
as ZO-1 and occludin), which are usually severely 
disrupted during the active phase of IBD. Various 
TCM components can promote the expression of tight 
junction proteins and strengthen barrier function, thereby 
reducing inflammation caused by the translocation of 
pathogens and endotoxins (51). Intestinal stem cells 
(ISCs), located at the base of the crypts and characterized 
by the expression of the marker Lgr5, represent the 
fundamental driving force for epithelial renewal 
and repair. Recent studies have shown that certain 
Chinese patent medicines, such as berberine, not only 
exhibit anti-inflammatory effects but also regulate the 
microecological and signaling environments of ISCs, 
thereby promoting epithelial regeneration. Luo et al. 
found in a DSS-induced colitis model that berberine 
upregulated the expression of Wnt genes in resident 
stromal cells, enhanced the activity of the Wnt/β-catenin 
pathway, and promoted the activation and expansion of 
Lgr5⁺ ISCs through this mechanism, thereby accelerating 
the repair of damaged intestinal mucosa. Blocking Wnt 
secretion significantly attenuated the reparative effects 
of berberine, indicating that Wnt/β-catenin signaling 
plays a critical role in this process (52). In addition, 
TCM formulas such as Qingchang Huashi Formula 
(QCHS) and Astragalus polysaccharides have been 
reported to promote the proliferation and differentiation 
of Lgr5⁺ stem cells through the Notch and Wnt signaling 
pathways, enhancing the replenishment of multiple 
epithelial cell types, including goblet cells, and thereby 
accelerating the recovery of damaged regions (85). These 
mechanisms are consistent with findings from intestinal 
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organoid studies, which demonstrate the interactive 
roles of Wnt–Notch networks in cell fate determination, 
indicating that regulation of the stem cell niche is a key 
strategy for barrier repair (53).

3.2.2. Regulation of enteric glial cells (EGCs)

Enteric glial cells (EGCs), which are analogous to 
astrocytes in the central nervous system, constitute an 
important component of the intestinal microenvironment 
and maintain complex interaction networks with 
epithelial cells and the immune system. EGCs secrete 
regulatory factors such as neurotrophic factors (e.g., 
GDNF), which promote epithelial cell maturation, 
enhance tight junction function, and strengthen 
antimicrobial defense, thereby supporting the integrity 
of the intestinal barrier (54). Studies have shown that 
in experimental colitis models, reduced expression or 
functional abnormalities of EGCs exacerbate barrier 
disruption; conversely, preservation or restoration of 
EGC function can alleviate inflammation and maintain 
barrier structure. In this context, the regulatory effects 
of alkaloids such as berberine on EGCs have gradually 
been revealed. Existing studies indicate that berberine 
can maintain the residence and activity of EGCs, regulate 
the interactions among EGCs, intestinal epithelial cells, 
and immune cells, and suppress the excessive release 
of pro-inflammatory gliotransmitters, thereby reducing 
epithelial injury and promoting barrier repair. The 
specific mechanisms may involve the modulation of 
inflammatory cytokines and neurotrophic factors, thereby 
stabilizing the immune environment and barrier function. 
These findings reflect the potential role of TCM in 
regulating the "neuro–immune–epithelial" network (55).

3.2.3. Inhibition of intestinal fibrosis

Intestinal fibrosis is a severe complication of IBD 
(especially Crohn's disease), characterized by excessive 
deposition of extracellular matrix (ECM) in the mucosa 
and intestinal wall, activation of myofibroblasts, and 
destruction of crypt architecture, leading to intestinal 
strictures and obstruction. This condition severely 
impairs patients' quality of life, and currently, no specific 
therapies are available. The TGF-β/Smad signaling 
pathway is the core mechanism driving fibrosis. TGF-β1 
activates Smad2/3, which then forms a complex with 
Smad4 and translocates into the nucleus, promoting 
the differentiation of fibroblasts into myofibroblasts 
and enhancing the expression of ECM components, 
thereby facilitating fibrosis. Inhibition of this pathway is 
considered a key anti-fibrotic strategy (56,57).
	 With regard to TCM interventions, multiple formulas 
and monomeric compounds have demonstrated anti-
fibrotic potential. Some compound formulas, such as 
Dahuang Mudan Decoction and Qingchang Tongluo 
Decoction, as well as monomeric compounds including 

silibinin and triptolide, have been confirmed in vitro and 
in animal experiments to significantly reduce TGF-β1–
induced phosphorylation of Smad2/3, block the EMT/
EndoMT process, and decrease the expression of 
fibrosis-related proteins (such as α-SMA and collagen), 
thereby inhibiting the transformation of intestinal 
fibroblasts into myofibroblasts and reducing ECM 
deposition (58). In addition, natural compounds (such 
as polyphenols and flavonoids) also exhibit anti-fibrotic 
effects by regulating the TGF-β/Smad, NF-κB, and ECM 
remodeling pathways, providing new directions for the 
treatment of intestinal fibrosis.

3.3. The key mediating role of gut microbiota and 
metabolites

The therapeutic effects of TCM in vivo are often exerted 
through its interactions with the gut microbiota. This 
"drug–microbiota–host" interplay constitutes an essential 
component of TCM efficacy. The gut microbiota not 
only influences drug absorption and metabolism but also 
regulates immune responses, intestinal barrier function, 
and systemic health through its metabolites, such as 
short-chain fatty acids, bile acids, and tryptophan-derived 
metabolites. Therefore, the roles of gut microbiota and 
metabolites in TCM-based treatment of IBD should not 
be overlooked.

3.3.1. Tryptophan metabolism and the aryl hydrocarbon 
receptor (AhR)

Tryptophan is an essential amino acid that can be 
metabolized by gut microbiota (such as Lactobacillus 
and Clostridium species) into indole derivatives, 
including indole-3-acetic acid (IAA) and indole-3-
aldehyde (IAld). These metabolites serve as endogenous 
ligands for the aryl hydrocarbon receptor (AhR). AhR 
is a nuclear receptor that plays an important role in 
immune responses, mainly by regulating IL-22 secretion 
and intestinal barrier function, thereby contributing to 
the maintenance of intestinal immune homeostasis and 
barrier integrity. Activation of AhR promotes the repair 
of intestinal epithelial cells, enhances intestinal defense, 
and consequently suppresses intestinal inflammation. 
Studies have shown that TCM formulas such as 
Baitouweng Decoction and Wumei Pill can significantly 
upregulate the expression of dopa decarboxylase (DDC) 
in the intestine, thereby promoting the metabolism of 
tryptophan toward the indole pathway and increasing the 
production of AhR ligands. This mechanism contributes 
to intestinal barrier repair and alleviation of intestinal 
inflammatory responses (59,60). Through this pathway, 
TCM can modulate AhR signaling to exert anti-
inflammatory and reparative effects, thereby facilitating 
the restoration of intestinal function.

3.3.2. Bile acid metabolism
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Abnormal bile acid metabolism in the intestine is 
closely associated with the occurrence and progression 
of IBD. Patients with IBD often exhibit reduced levels 
of secondary bile acids, such as deoxycholic acid 
(DCA) and lithocholic acid (LCA), which leads to 
immune dysregulation and impairment of the intestinal 
barrier. Secondary bile acids exert anti-inflammatory 
effects by activating the TGR5 and FXR receptors, 
thereby promoting immune tolerance and barrier repair. 
Studies have found that Gegen Qinlian Decoction 
and its modified formulas can effectively reshape the 
gut microbiota structure and restore the abundance 
of bacteria with 7α-dehydroxylase activity, thereby 
promoting the conversion of primary bile acids into 
secondary bile acids. Through modulation of the FXR/
NLRP3 signaling pathway, these formulas can suppress 
intestinal inflammatory responses (61). These findings 
indicate that TCM can exert anti-inflammatory effects 
and alleviate pathological responses in IBD patients 
by promoting bile acid metabolism and reshaping gut 
microbiota composition.

3.3.3. Short-chain fatty acids (SCFAs)

Short-chain fatty acids (SCFAs) are important 
metabolites produced by gut microbiota through the 
fermentation of dietary fiber, mainly including acetate, 
propionate, and butyrate. Among them, butyrate serves 
as a major energy source for intestinal epithelial cells 
and acts as a histone deacetylase (HDAC) inhibitor, 
regulating immune cell function at the epigenetic level, 
particularly in Treg cell differentiation. Polysaccharide 
components in TCM (such as Astragalus polysaccharides 
and Dendrobium polysaccharides) have been shown 
to possess prebiotic effects, promoting the growth of 
butyrate-producing bacteria (such as Faecalibacterium 
and Enterococcus) and increasing butyrate production. 
These butyrates not only provide energy for intestinal 
epithelial cells but also promote Treg cell differentiation 
through epigenetic regulation, thereby enhancing 
intestinal immune tolerance and modulating immune 
balance (62). Therefore, polysaccharide components in 
TCM exert immunomodulatory and intestinal-reparative 
effects by promoting the production of SCFAs.

3.4. New perspectives on holistic regulation: the "lung–
gut axis" and the "brain–gut axis"

The core advantage of TCM in the treatment of IBD lies 
in its multidimensional regulation guided by the "holistic 
view." The gut-lung axis and gut-brain axis, as key inter-
organ and inter-system communication networks, are 
essential mechanisms through which TCM achieves 
"local anti-inflammation and systemic homeostasis" 
(63,64). Both axes regulate the local inflammation in 
the gut in close association with systemic immunity, 
neurofunction, and gut microbiota balance, through 

pa thways  invo lv ing  immune  ce l l  migra t ion , 
neurotransmitter transmission, and microbiota-metabolite 
mediation. The precise modulation of these axes by 
TCM further highlights its "treating both the root and the 
branch" therapeutic characteristics.

3.4.1. The modern immunological basis of the theory that 
"the lung and the large intestine are interior–exteriorly 
related"

In TCM theory, the lung and the large intestine are 
considered to have an "interior–exterior" relationship. 
This concept has been reinterpreted in modern 
immunology, giving rise to the concept of the "gut–
lung axis." This concept indicates that the lung and the 
intestine interact through the immune system, nervous 
system, and microbiota, thereby maintaining systemic 
immune homeostasis. The mucosal immune systems 
of the gut and the lung are interconnected through 
lymphocyte trafficking. Immune cells in the gut, under 
the guidance of specific chemokines, express receptors 
such as CCR9 and α4β7/MAdCAM-1, which bind to 
their corresponding ligands and thereby "home" to 
intestinal tissues. Similarly, immune cells in the lung 
also "home" to pulmonary tissues through these receptor-
mediated mechanisms. Under pathological conditions, 
aberrant homing of immune cells may occur, leading to 
the migration of inflammatory cells from the lung to the 
intestine, thereby triggering or exacerbating enteritis, and 
vice versa (65,66). This phenomenon has been observed 
not only in IBD but also in other immune-related 
diseases.
	 TCM plays an important role in regulating the 
"gut–lung axis." Studies have shown that herbs such as 
Tiaozhong Decoction, Chebula (Terminalia chebula), and 
Astragalus polysaccharides can not only alleviate colitis 
but also reduce concomitant pulmonary inflammation. 
The underlying mechanisms may involve regulation 
of the expression of homing receptors such as CCR9/
CCL25 and α4β7/MAdCAM-1, blocking cross-organ 
immune cell migration, and maintaining the balance of 
the microbiota in both the lung and the intestine (68). 
Related studies have demonstrated that these formulas 
exhibit significant immunomodulatory effects in both 
clinical and animal experiments, providing cellular and 
molecular evidence for the theory of "treating different 
diseases with the same method." This discovery offers 
new support for the use of TCM in treating diseases 
associated with lung–gut interactions.

3.4.2. The brain–gut axis and emotion-related pathogenesis

The brain–gut axis refers to the bidirectional 
communication network between the gut and the brain, 
involving multiple mechanisms, including neural, 
endocrine, and immune pathways. Recent studies 
have shown that patients with IBD often experience 
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psychological symptoms such as anxiety and depression, 
and psychological stress can in turn trigger disease 
activity. Psychological factors directly affect intestinal 
immune function and microbiota balance through 
the brain–gut axis, thereby exacerbating disease 
progression. Tongxie Yaofang, a classical formula for 
treating "liver stagnation and spleen deficiency" in 
TCM, has traditionally been used to regulate emotional 
disorders. Modern studies have confirmed that it can 
alleviate intestinal diseases by modulating the brain–
gut axis. Tongxie Yaofang can regulate the levels of 
neurotransmitters such as 5-hydroxytryptamine (5-HT, 
serotonin) and calcitonin gene-related peptide (CGRP) 
in both the central and peripheral nervous systems, 
reduce visceral hypersensitivity, and alleviate abdominal 
pain, particularly in patients with IBS-D (diarrhea-
predominant irritable bowel syndrome) and UC, thereby 
demonstrating the advantages of TCM in treating 
both the body and the mind (69,70). This therapeutic 
mechanism, which acts through modulation of the brain–
gut axis, not only improves intestinal inflammatory 
responses but also helps relieve intestinal discomfort 
caused by psychological factors, highlighting the 
unique role of TCM in regulating the interaction among 
intestinal immunity, the nervous system, and emotional 
states. A detailed summary of the mechanism of action is 
provided in Figure 1.

4. The dual engines of the modernization of 
traditional Chinese medicine

Although classic TCM formulas have accumulated 
substantial clinical evidence for the treatment of IBD, 
and their multi-component and multi-target synergistic 
advantages have been scientifically elucidated through 
cellular and molecular mechanism studies, challenges 
remain in bridging traditional experience with modern 
precision medicine. On one hand, the complexity of 
formula components, poor water solubility of certain 
active ingredients, gastrointestinal degradation, and non-
targeted tissue distribution lead to low bioavailability, 
limiting the maximal clinical efficacy (71). On the other 
hand, traditional research methods struggle to fully 
decipher the complex regulatory network of "multi-
components—multi-targets—multi-pathways," hindering 
the precise identification of key active ingredients and 
their mechanisms of action (72). To overcome these 
challenges, two key technologies have become the "dual 
engines" driving the modernization of TCM formulas — 
nanomedicine through smart encapsulation and targeted 
regulation to address drug delivery issues, and multi-omics 
integration with network pharmacology to systematically 
clarify the core mechanisms. Together, they provide 
revolutionary solutions for the standardization, precision, 
and clinical translation of TCM formulas (Table 2).

4.1. Nanomedicine-based drug delivery systems

Nanomedicine,  or  nanodrug del ivery systems 
(NDDS), is the core technology to solve drug delivery 
challenges in TCM. By precisely encapsulating and 
intelligently regulating active ingredients, NDDS can 
significantly enhance drug stability, targeting, and 
bioavailability while reducing systemic toxicity. In 
recent years, breakthrough advances have been made 
in the development of intestinal-targeted nanocarriers, 
especially in the areas of "environmentally responsive 
drug release" and "biological targeting modifications."
	 In the design of responsive carriers, pH-sensitive 
or reactive oxygen species (ROS)-responsive smart 
materials have become research hotspots due to 
the characteristics of the colonic inflammatory 
microenvironment. For example, low pH or high 
ROS-sensitive PLGA (Poly lactic-co-glycolic acid) 
nanoparticles enable selective drug release at the site of 
colonic inflammation, avoiding early degradation in the 
stomach and small intestine (73). Natural polysaccharides 
like hyaluronic acid and chitosan can specifically bind 
to the CD44 receptors overexpressed at the site of 
colonic inflammation, enhancing macrophage targeting 
(74). Additionally, by combining nanocarriers with 
microparticles or biomimetic coatings, multiple protective 
barriers can be constructed to further prevent enzymatic 
and acid-base degradation in the gastrointestinal tract, 
promoting efficient drug accumulation at the colonic 
site. In practical applications, the combination of 
nanotechnology and TCM ingredients with a "controlled 
release + targeted delivery" strategy effectively addresses 
the challenges of traditional formulations, significantly 
improving clinical applicability and safety. For example, 
berberine (berberine alkaloid) encapsulated in PLGA 
nanoparticles (BPL-NPs) can target and inhibit the 
IL-6/IL-6R signaling axis, reducing M1 macrophage 
infiltration in the colon, and significantly improving DSS-
induced colitis (75). Similarly, composite nanoparticles 
prepared from the core components of Gegen Qinlian 
Decoction (berberine, puerarin, baicalin, and glycyrrhizic 
acid) activate the AMPK-PPARγ pathway to promote M2 
macrophage polarization, enhancing drug accumulation 
at the ulcer site and balancing intestinal immunity (46). 
Additionally, nanotechnology can be used to encapsulate 
toxic TCM ingredients like triptolide, effectively 
reducing their accumulation in the kidneys and 
reproductive system, thereby minimizing side effects. For 
instance, silk fibroin nanoparticles (SFNP) of triptolide 
demonstrate enhanced anti-inflammatory and anti-tumor 
effects, significantly reducing liver and kidney toxicity 
in both cell and animal experiments (76). By loading 
triptolide and Atractylodes macrocephala into red blood 
cell membrane-coated liposomes (RBCm@Lip), immune 
cells can be "confused," prolonging the residence time of 
the drug in the blood and significantly reducing toxicity 
to normal tissues (77).
	 Overall, the synergistic effect of nanocarriers 
and TCM active ingredients significantly enhances 
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drug delivery efficiency, bioavailability, and safety. 
Through chemical modification or biological coating 
of nanoparticles, characteristics can be conferred that 
respond to the intestinal environment (such as pH, 
ROS, and intestinal enzymes), further enabling targeted 
controlled release, maximizing the anti-inflammatory 
effect of TCM, and minimizing systemic exposure (78).

4.2. Multi-omics integration and network pharmacology

The integration of multi-omics and network pharmacology 
has provided a feasible path for systematically analyzing 
the "multi-component—multi-target—multi-pathway" 
mechanisms of TCM formulas (72). Multi-omics, based 
on high-throughput data, reveals the global coordination of 
TCM intervention on gene expression, metabolic networks, 
and gut microbiota ecology. Network pharmacology, 
through the construction of "drug—component—target—
disease" association networks, identifies key active 
ingredients and core pathways, offering clear clues for 
experimental validation and translational research.
	 Several studies have demonstrated the value of 
this integrative approach: Wang et al. explored the 
mechanisms of Qing-Re-Hua-Shi Decoction (QRHSD) 
in treating UC, showing that QRHSD significantly 
modulates gut microbiota, increases beneficial 
Lactobacillus, inhibits pathogenic Morganella, and 
alters 507 metabolites, including bile acids and amino 
acid-related substances (79). Transcriptomic and 
network pharmacology analyses further revealed that 
QRHSD regulates gut homeostasis by downregulating 
key inflammatory signaling pathways such as PI3K/
AKT, NF-κB, and MAPK. Additionally, correlation 
analysis demonstrated a close relationship between 
clinical indicators, microbiota changes, and metabolites, 
indicating that the formula restores gut homeostasis 
through a multi-layered mechanism. Another study 
used UPLC-QE-MS metabolomics and network 
pharmacology to analyze the mechanisms of Cynanchum 
wilfordii in treating UC, identifying 117 targets (such 
as JAK2, STAT3) and metabolic pathways related to 
inflammation through IL-17, HIF-1, and TNF signaling 
(80). Similarly, Wu et al. integrated metabolomics 
and network pharmacology to reveal the mechanism 
of Baicalin in experimental colitis, involving various 
metabolites and signaling pathways, including TNF, IL-
6, and AKT1 (81). These studies have all employed the 
"multi-omics + network pharmacology" approach to 
systematically reveal the mechanisms of action of TCM 
formulas. They highlight the importance of multi-omics 
integration in uncovering the interactions between gut 
microbiota, metabolites, and signaling pathways, further 
deepening the understanding of TCM formulas' multi-
target and multi-effect mechanisms.
	 Such studies underscore the core value of multi-
omics integration in elucidating the interactions between 
gut microbiota, metabolites, and signaling pathways, 
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moving TCM mechanism research from "vague states" 
to "precise analysis." This provides scientific support for 
key ingredient selection, target validation, and new drug 
development, accelerating the modernization and clinical 
translation of TCM formulas.

5. Limitations

Several limitations of the current evidence base should 
be recognized. First, the currently available clinical 
evidence for classical TCM formulas in IBD is derived 
predominantly from ulcerative colitis rather than Crohn's 
disease, and many clinical studies are constrained by 
small sample sizes, single-center designs, geographically 
concentrated populations, and inadequate reporting of 
inclusion and exclusion criteria, thereby increasing the 
risk of selection bias and limiting the generalizability 
of the findings. Second, because IBD is a chronic 
relapsing disease, the relatively short follow-up 
period of many studies is insufficient to fully evaluate 
long-term efficacy, relapse prevention, and safety. 
Third, the compositional complexity and insufficient 
standardization of TCM formulas continue to hinder 
reproducibility and cross-study comparison. In addition, 
although TCM is characterized by multi-component 
and multi-target actions, many existing mechanistic 
studies remain focused on single pathways or targets, 
with limited validation of synergistic effects among 
different constituents. Furthermore, current animal 
models do not always align well with TCM syndrome 
differentiation, which may weaken the translational 
relevance of preclinical findings. Finally, the gut–brain 
axis, gut–lung axis, and nanodrug delivery systems 
discussed in this review should be regarded as promising 
but still emerging directions rather than clinically mature 
evidence. Future studies should emphasize better-
designed multicenter trials, longer follow-up, improved 
standardization, and more integrative mechanistic 
validation.

6. Conclusion

IBD remains a major clinical challenge. Recent studies 
suggest that TCM is gradually moving from empirical 
use toward a more evidence-informed framework. Its 
core advantage lies in holistic and syndrome-oriented 
intervention strategies, which are inherently consistent 
with contemporary therapeutic goals, including mucosal 
healing, immune homeostasis, and microbial balance.
	 Mechanistic investigations have demonstrated that 
TCM does not merely exert general anti-inflammatory 
effects but regulates key pathological processes in IBD, 
including immune microenvironment remodeling, 
intestinal barrier repair, and microbiota–host metabolic 
interactions. These effects involve pathways such 
as NLRP3 inflammasome-mediated pyroptosis, 
macrophage polarization, Th17/Treg balance, and 

systemic regulatory axes such as the gut–lung and brain–
gut axes. Meanwhile, emerging technologies, including 
nanomedicine-based delivery systems, multi-omics 
integration, and network pharmacology, are accelerating 
the modernization and mechanistic elucidation of TCM.
	 Future research should focus on precision-oriented 
and translational paradigms, integrating artificial 
intelligence, multi-omics data, and TCM syndrome 
classification to enable individualized therapy. Greater 
attention should also be given to long-term outcomes, 
safety evaluation, and integrative treatment strategies. 
Collectively, these efforts may establish TCM as a 
scientifically interpretable, mechanism-driven, and 
globally applicable therapeutic system for IBD.
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1. Introduction

Traditional Chinese medicine (TCM) represents one 
of the most remarkable achievements of Chinese 
civilization, serving as a medical science with a 
heritage spanning millennia. Developed from empirical 
knowledge amassed in everyday life, TCM has been 
continuously refined through generations in the battle 
against diseases. It has made significant contributions 
to combating the SARS-CoV-2 virus and treating 
COVID-19 (1). In 2015, Tu Youyou's Nobel Prize 
elevated artemisinin to a new global status as "a gift from 
TCM to the world" (2). At present, TCM is extensively 
practiced in 183 countries and regions globally, with 
103 countries having authorized the use of acupuncture 
therapy (3).
	 The modernization of TCM constitutes a central 
challenge to its preservation and innovation. In the 
process of promoting the modernization of the TCM 
industry, China has developed formulated granules as 
a significant dosage form. This innovation is designed 

to tackle the inconvenience associated with traditional 
decoction preparation and the challenges involved 
in quality control, while keeping pace with advances 
in modern healthcare. The path of development of 
formulated granules in TCM, as a representative 
foray into the modernization of traditional medicine, 
has been extensively studied and recognized for its 
innovative approach and significant impact. Japan, 
with its longstanding practice of TCM, has evolved 
a highly systematized form of traditional medicine 
known as Kampo. This system has been developed 
over centuries, with significant influence from ancient 
Chinese medical texts such as the Shang Han Za 
Bing Lun, and it has been integrated into the modern 
Japanese healthcare system. Kampo, which has fixed 
prescriptions and standardized extraction processes, has 
been integrated into Japan's National Health Insurance 
system, signifying its acceptance as a standardized form 
of traditional medicine. A systematic comparison of the 
similarities and differences between formulated granules 
in TCM and Kampo medicine in terms of manufacturing 
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SUMMARY: The modernization of traditional medicine follows diverse pathways. This paper aims to provide a 
narrative review of the manufacturing processes, research on active ingredients, and models for the clinical use of 
formulated granules of traditional Chinese medicines (TCM) and Japanese Kampo medicines in the context of their 
modernization by comparing advances in research on the two and their challenges. By searching databases such 
as PubMed, Web of Science, and China National Knowledge Infrastructure (CNKI), this review included relevant 
literature published up to 2026. After screening, a total of 48 relevant articles were included in the review. In TCM, 
formulated granules evolved from the need to modernize herbal medicines through multi-stage extraction and 
granulation. This enhances convenience while preserving medicinal properties. TCM enables flexible syndrome 
differentiation and it is working to industrially produce and standardize herbal medicines while refining quality 
standards. Japanese Kampo, based on fixed classical formulations and covered by National Health Insurance, has 
developed a highly standardized, evidence-based model. Research in China broadly investigates numerous formulations 
using omics technologies to explore their material basis and network pharmacology. Research in Japan focuses on in-
depth analysis of "pathways to efficacious formulations" for select classic formulations. Faced with the challenge of 
providing modern evidence, granules can produce real-world data on TCM. This comparative analysis offers insights 
into the development of quality granules and their use internationally and it explores prospects for Sino-Japanese 
collaboration in complementary manufacturing processes and fundamental research.
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processes, research efforts, and clinical uses will not only 
elucidate the unique features and challenges of TCM's 
development in China but also offer valuable insights 
from an international perspective. This review focuses 
on formulated granules in TCM, contrasting them with 
Kampo medicine to analyze differences in technological 
systems, active ingredient research, and regulations on 
clinical use. Formulated granules need to be standardized 
and their quality controlled, but at the same time the 
essence of TCM needs to be maintained while adopting 
modern scientific methods. This review aims to provide 
references for the continuous optimization and scientific 
advancement of traditional medicines.

2. Methods

To prepare this narrative review, the author conducted a 
systematic search of PubMed, Web of Science, Google 
Scholar, and China National Knowledge Infrastructure 
(CNKI). Search terms included "formulated granules of 
traditional Chinese medicine" and "Kampo medicine." 
Studies addressing process systems, active ingredient 
research, and clinical uses were included. After removing 
duplicates, conducting an initial screening of titles and 
abstracts, and conducting a secondary screening of 
full-text articles, a total of 48 studies were ultimately 
included in this review. As this is a narrative review 
aimed at providing a general overview of representative 
advances in the field, no assessment of study quality or 
meta-analysis was performed.

3. Historical context and industrialization

3.1. Emergence and development of formulated granules 
in TCM

The development of formulated granules in TCM 
signifies a major step in the modernization of 
Chinese herbal decoctions. Its conceptualization and 
implementation commenced in the late 20th century, 
and it entered a pilot exploratory phase in the early 
21st century following the promulgation of the Interim 
Regulations on the Management of Formulated Granules 
of Traditional Chinese Medicine. Following more than 
two decades of development, the pilot phase concluded 
in 2021, marking the advent of a new era guided by 
national standards. This marked the transition from an 
"exploratory product" to a "standardized pharmaceutical" 
(4). This development was spurred by the urgent demand 
for greater convenience, consistency, and quality control 
in the clinical use of TCM. The primary goal is to 
offer, via industrialized production, a modern TCM in 
a dosage form that matches traditional decoctions in 
efficacy while being more convenient to dispense and 
administer. A core set of processes has been established, 
encompassing extraction of water, concentration, drying, 
and granulation, though special processing requirements 

for certain herbs (e.g., pre-decoction or post-addition) are 
also addressed. Efforts are concentrated on developing a 
holistic quality assurance framework that encompasses 
the entire lifecycle of TCM products, from the selection 
of raw herbs and processing of herbal materials to 
quality control for the final product (5). As of this 
writing, provincial drug standards directories include 518 
varieties, 350 of which are formulated granules that are 
recognized by national drug standards (6).

3.2. Revival and modernization of Japanese Kampo

The developmental trajectory of Japanese Kampo 
differs significantly from that of TCM. Once TCM 
was introduced to Japan, it underwent a process of 
local adaptation, resulting in the creation of Kampo 
medicine. However, Kampo was marginalized during 
the Meiji Restoration. A revival of Kampo took place 
in the mid-20th century, amid growing reflections on 
the side effects of chemical drugs. A pivotal moment in 
its modernization was the inclusion of Kampo extract 
preparations in the National Health Insurance system 
in 1967, which marked the first approval of Kampo 
medicines for reimbursement. This significantly 
expedited their industrial production, standardization, 
and clinical use (7). According to data from 2015, 
Kampo medicines constituted approximately 2.4% of 
Japan's total pharmaceutical sales, with the majority 
being prescription-only dry extract formulations, as 
reported by industry sources. Currently, 148 traditional 
medicine formulations that meet ethical standards, 
similar to Japanese Kampo medicine, are covered by 
national health insurance. While official certification 
standards for 294 over-the-counter traditional medicine 
products have been formally established, the number of 
such products has been steadily increasing, reflecting 
a shift towards greater accessibility and consumer 
autonomy in healthcare (8). Japan has established an 
industrial model centered on fixed classical formulations, 
primarily derived from texts such as the Shang Han Za 
Bing Lun and Jin Gui Yao Lue (Table 1), and featuring 
concentrated production by a few large enterprises, such 
as Tsumura Pharmaceutical. The national pharmacopoeia, 
industry GMP standards and stringent requirements for 
equivalence with standard decoctions together constitute 
a mature quality regulatory framework (7). Since 2001, 
Kampo medicine education has also been incorporated 
into Japan's core medical curriculum (9).

4. Comparison of process technology systems

4.1. Process characteristics of formulated granules in 
TCM

The core process of formulated granules in TCM 
involves the production of single-ingredient concentrated 
extracts from traditional Chinese herbs. Key technical 
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spectra of Chinese medicinal materials , decoction 
pieces, intermediates, and granules must be correlated. 
This standard emphasizes that extraction should be 
based on traditional decoctions, ensuring consistency 
in extraction yield, key components, and characteristic 
spectra. Standardized decoctions are usually analyzed 
alongside extracts or granules to pinpoint factors 
influencing the consistency of quality during extraction 
(10); and (3) Technological diversification: Widespread 
adoption of dry granulation, spray-drying granulation, 
and wet granulation (e.g., extrusion granulation, fluidized 
bed granulation, and high-shear wet granulation) (11). 
The underlying process logic involves flexibly using 
formulated components in industrial production in order 
to strike a balance between production efficiency and the 
inherent complexity and individualization of traditional 
Chinese clinical prescriptions.

4.2. Characteristics of Japanese Kampo manufacturing 
processes

Japanese Kampo technology centers on the core 
principles of "restoration and standardization" and 
seeks to modernize and standardize the production of 
traditional formulations. Its key characteristics include: 
(1) Fixed formulations and raw materials: Utilizing 
pre-formulated mixtures of "crude drugs" as starting 
materials; (2) Standardized decoction and drying: 
Preparing standardized decoction extracts under strictly 
controlled conditions (time, temperature, and solvent) 
that are primarily processed into granules via spray-
drying technology. This decoction essentially originates 
from traditional decoction methods, in which raw herbs 

features include: (1) Adaptive extraction: For materials 
with distinct properties, such as minerals, toxic 
components, precious herbs, and volatile constituents, 
strategies like pre-decoction, post-addition, separate 
extraction, and wrapped decoction are traditional 
techniques used in TCM to ensure the effective display of 
medicinal properties and to mitigate toxicity. Mineral and 
shell-based materials like Gypsum Fibrosum and Ostreae 
Concha require pre-decoction. Chinese medicinal 
materials that exhibit thermal instability, heat-induced 
volatility, or pose toxicity risks due to prolonged boiling, 
such as Menthae Haplocalycis Herba and Foeniculi 
Fructus, are added later in the extraction process. 
Chinese medicinal materials that may cause decoction 
viscosity or turbidity, like Typhae Pollen and Plantaginis 
Semen, require enclosed decoction. Chinese medicinal 
materials with a high viscosity (e.g., Asini Corii Colla 
and Testudinis Carapacis et Plastri Colla) require 
melting to minimize interference with other materials 
during extraction. Certain precious Chinese medicinal 
materials, such as Ginseng Radix et Rhizoma and Panacis 
Quinquefolii Radix, need to be decocted separately to 
maintain their activity. Highly valuable materials, such 
as Bovis Calculus and Moschus, are typically pulverized 
and taken as an infusion with a decoction of other 
materials; (2) Full-process quality control: Emphasizes 
the correlation of characteristic spectra or fingerprint 
spectra across "decoction pieces-intermediates-
finished products" to demonstrate consistency with the 
material basis of traditional decoctions. The Technical 
Requirements for Quality Control and Setting Standards 
for Formulated Granules of Traditional Chinese 
Medicines stipulate that the specific or fingerprint 

Table 1. Comparison of commonly used TCM prescriptions and Kampo prescriptions

No.

1
2

3
4
5
6
7
8
9
10
11
12
13
14
15
16

17

18
19
20

TCM Prescriptions

Liujunzitang
Buzhongyiqitang/Buzhongyiqikeli 
(46)
Gegentang/Gegentangkeli (46)
Guizhifulingwan (46)
Jiaweixiaoyaowan (46)
Baweidihuangwan/Shenqiwan
Jishengshenqiwan (46)
Shaoyaogancaotang
Wulingsan (46)
Dangguishaoyaosan
Banxiahouputang
Yigansan
Lingguizhugantang
Dajianzhongtang
Yigansanjiachenpibanxia
Renshenyangrongtang/
Renshenyangrongwan (46)
Shiquandabutang/
Shiquandabuwan (46)
Chaihujialonggumuli
Shujinghuoxuetang
Guipitang/Guipikeli (46)

Kampo Prescriptions (47)

Rikkunshito
Hochuekkito

Kakkonto
Keishibukuryogan
Kamishoyosan
Hachimijiogan
Goshajinkigan
Shakuyakukanzoto
Goreisan
Tokishakuyakusan
Hangekobokuto
Yokukansan
Ryokeijutsukanto
Daikenchuto
Yokukansankachinpihange
Ninjinyoeito

Juzentaihoto

Saikokaryukotsuboreito
Sokeikakketsuto
Kamikihito

TCM Prescriptions

Chaihuguizhiganjiangtang
Xiaojianzhongtang/
Xiaojianzhongkeli (46)
Dangguisinijiawei
Chaihuguizhitang
Maimendongtang
Sinisan
Xiaoqinglongtang/
Xiaoqinglongkeli  (46)
Mahuangfuzixixintang
Guizhijiashaoyaotang
Xiaochaihutang/Xiaochaihukeli 
(46)
Wujisan
Zhulingtang
Guizhifulingwanjiawei
Siwutangjiawei
Maxingshigantang
Taohechengqitang
Banxiaxiexintang
Yinchenhaotang
Fangjihuangqitang
Mazirenwan

Kampo Prescriptions (47)

Saikokeishikankyoto
Shokenchuto

Tokishigyakukagoshuyushokyoto
Saikokeishito
Bakumondoto
Shigyakusan
Shoseiryuto

Maobushisaishinto
Keishikashakuyakuto
Shosaikoto

Goshakusan (Ojeoksan)
Choreito
Keishibukuryogankayokuinin
Shichimitsukokato
Makyoyokukanto
Tokakujokito
Hangeshashinto
Inchinkoto
Boiogito
Mashiningan

No.

21
22

23
24
25
26
27

28
29
30

31
32
33
34
35
36
37
38
39
40
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are boiled to extract their soluble medicinal components; 
and (3) Stringent equivalence criteria: Finished products 
are required to exhibit "equivalence" with standard 
decoctions based on an analysis of the content of target 
components and/or fingerprint patterns. Production 
processes strictly comply with pharmaceutical GMP 
standards and are supported by established quality 
control systems. This approach embodies the principle 
of "fixed ancient formulations, precise replication," 
guaranteeing a high level of product consistency and 
stability (8).
	 To safeguard the quality of Kampo formulations, 
Japan's Ministry of Health, Labor, and Welfare issued 
the Guide to Data Requirements for Ethical Kampo 
Formulations in 1985. This requires systematic 
comparisons between Kampo extract formulations and 
standard decoctions to determine whether their quality 
control markers are equivalent. Related studies are 
required to provide data from at least three batches, and 
each batch needs to be tested at least three times (12).
	 In addition, Japan developed a system of abbreviated 
English notation for Kampo preparations to promote 
the international spread of Kampo medicine. This 
system covers all 298 Kampo preparations listed in the 
2013 New Guidelines for Over-the-Counter Kampo 
Preparations, including non-prescription Kampo extract 
preparations (13).
	 In summary, the strength of Chinese manufacturing 
processes lies in their high degree of flexibility, which 
effectively aligns with the clinical practice of TCM 
syndrome differentiation and treatment, thereby 
meeting individual therapeutic needs. The complexity 
of those processes hampers the achievement of a high 
level of consistency across different manufacturers 
and batches, since quality standards are still being 
standardized. Japanese manufacturing processes are 
renowned for their rigorous standardization, which 
ensures consistent quality and facilitates systematic 
pharmacological and clinical research. A drawback is 
the use of fixed formulations, which cannot be adjusted 
based on syndrome differentiation, leading to limited 
flexibility.

5. Research on active components and pharmacologically 
active substances

5.1. Research on active components in formulated 
granules

Research on formulated granules in TCM primarily 
focuses on two directions: (1) Validation studies 
on the "equivalence" between formulated granules 
and traditional decoctions. Recent studies have 
systematically compared the chemical profiles of 
traditional decoctions and formulated granules using 
modern analytical techniques such as high-resolution 
mass spectrometry, revealing that formulated granules 

may offer advantages in terms of convenience and 
effectiveness. Evidence of their consistent quality is 
being provided. For example, a quantitative analysis 
of 64 components, including glycyrrhizic acid and 
naringin, in Erchen Decoction Granules using UPLC-
Q-Exactive Orbitrap MS corroborated the chemical 
equivalence of those components (14); and (2) Research 
on the pharmacological mechanisms and action 
pathways of formulated granules. This research direction 
comprehensively utilizes network pharmacology, 
proteomics, metabolomics, and animal models to 
elucidate the multi-target mechanisms by which 
formulated granules are effective in treating complex 
diseases. Below are a few examples.
	 Biyuan Tongqiao Granules: Ultra-high-performance 
liquid chromatography-electrospray ionization-
quadrupole-linear ion trap-mass spectrometry (UHPLC-
ESI-QE-Orbitrap-MS) was used to identify 58 
compounds in that medicine (15). By combining an 
ovalbumin (OVA)-induced allergic rhinitis mouse model 
with proteomics analysis, that study revealed that it acted 
to regulate the PI3K/AKT and STAT3/MAPK pathways 
to inhibit the expression of E-selectin, VCAM-1, and 
ICAM-1, thereby alleviating allergic rhinitis.
	 Jingfang Granules: In a bleomycin-induced acute 
lung injury model, Jingfang Granules were confirmed 
to have a lung-protective effect by downregulating the 
PI3K/Akt/mTOR signaling pathway and modulating 
glycolysis/gluconeogenesis and pyruvate metabolism 
(16).
	 Qishen Granules: In an adriamycin-induced cardiac 
toxicity model, Qishen Granules were found to alleviate 
oxidative damage, protect mitochondrial function by 
activating the SIRT3/Ac-SOD2 signaling pathway, and 
thereby improve doxorubicin-induced cardiotoxicity (17).
	 Jieduhuayu Granules: Using a combined metabolomics 
and proteomics analysis approach, a study evaluated 
changes in proteins and metabolites in liver tissue from 
rats with alcoholic fatty liver disease before and after 
treatment with Detoxifying and Blood-Stasis-Resolving 
Granules (18). The findings suggest that the mechanism 
may involve activation of the PI3K-AKT pathway and 
inhibition of hepatic glycolysis, thereby alleviating hepatic 
inflammatory stress.
	 Additionally, studies on the correlation between 
spectra and effects are ongoing. For example, high-
performance liquid chromatography fingerprinting 
technology was used to systematically analyze the 
relationship between the active component groups 
(total flavonoids, total saponins, total alkaloids, etc.) in 
Yinyang Tongnao Granules and the pharmacological 
efficacy indicators of chronic intermittent hypoxic-
ischemic reperfusion injury in rats, providing elucidation 
of the material basis underlying that medicine's holistic 
effects (19).

5.2. Active component research in Japanese Kampo
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Japanese research adopts a "fewer but more refined" 
strategy, concentrating on classical fixed formulations 
covered by National Health Insurance to conduct in-
depth and systematic analyses of their pharmacological 
mechanisms. Studies underscore the importance 
of incorporating chemical analysis, cellular assays, 
animal experimentation, and clinical observations to 
comprehensively understand the integrated pathways of 
compound formulations.
	 For example, Choreito has been found to alleviate 
detrusor overactivity and bladder pain symptoms induced 
by tranilast in a rat model, mimicking interstitial cystitis/
painful bladder syndrome, as evinced by a recent study 
(20). This aligns with the broader context of interstitial 
cystitis treatment, which includes a range of approaches 
such as drug therapy and surgical interventions, as 
discussed in various medical sources. An exploratory 
study with an open-label, single-arm design further 
demonstrated significant improvement in bladder 
pain scores following treatment with this formulation, 
indicating its therapeutic efficacy for bladder pain (21). 
This type of study design is often used in early clinical 
trials, such as Phase I and II, to explore safety and 
efficacy, as well as to provide preliminary data on the 
treatment's potential benefits.
	 Yokukansan is clinically recognized as beneficial for 
dementia patients. Recent studies using tauopathy cell 
models have demonstrated that a specific formulation 
can decrease levels of phosphorylated and oligomeric 
tau by suppressing GSK3β kinase activity and promoting 
autophagy. This mechanism holds promise for 
intervening in the pathology of Alzheimer's disease, as 
evinced by the success of GSK-3β inhibitors in reducing 
phosphorylated Tau protein levels (22).
	 Retrospective clinical analysis combined with 
molecular mechanism studies of Boiogito have revealed 
that this formulation promotes LRRC8A transport to 
the plasma membrane and activates the VSOR chloride 
channel, thereby inducing chloride ion release and water 
excretion (23). This provides scientific evidence of its 
clinical efficacy.
	 These studies exemplify Japanese Kampo medicine's 
emphasis on translational research—from cellular 
and animal model studies to clinical observations—
in deciphering "pathways to efficacious formulations," 
establishing a research avenue where basic and clinical 
evidence merge.
	 In summary, Chinese research covers a broad range 
of medicines and involves cutting-edge techniques, 
actively exploring the material basis and mechanisms of 
numerous formulated granules on the market. However, 
systematic studies on individual formulations need to 
go into further depth and clinical translation needs to 
be enhanced further. Japanese research, and particularly 
that in the field of Kampo medicine, excels in depth 
and clinical integration, building robust evidence chains 
from molecular mechanisms to clinical efficacy through 

the use of modern research methodologies and fixed 
formulations. These differing strategies reflect distinct 
industrial models: China has a vast formulation system 
in the early stages of industrialization and a vast need, 
while Japan focuses on in-depth development of a 
limited number of formulations for industrial production.

6. Clinical use system and regulatory framework

6.1. Formulated granules of TCM

The clinical use of formulated granules of TCM is 
centered on syndrome differentiation and treatment in 
TCM, enabling physicians to tailor prescriptions to an 
individual patient's condition. This approach ensures 
personalized treatment and has been found to be effective 
in various clinical settings, as evinced by studies 
demonstrating the efficacy and convenience of granules. 
TCM's regulatory framework has evolved from trial local 
standards to unified national standards (6). As a further 
example, a prospective cohort study demonstrated that 
Jingyin Granules can enhance nucleic acid conversion 
rates, shorten conversion time, and reduce the duration 
of hospitalization for patients with mild COVID-19 
(24). A recent randomized controlled trial, following the 
CONSORT guidelines and utilizing statistical software 
for data analysis, demonstrated that Qingjin Yiqi 
Granules significantly alleviated dyspnea and fatigue 
symptoms in patients with post-COVID-19 sequelae (25). 
These studies offer preliminary contemporary evidence 
supporting the clinical use of formulated granules.

6.2. Japanese Kampo

Kampo medicine in Japan is deeply embedded within the 
national healthcare framework, with robust support from 
three pillars: widespread health insurance coverage, high 
rates of physician prescriptions, and a well-established 
system of real-world evidence.
	 Japan's health insurance system covers 148 ethical 
Kampo formulations and 187 crude drugs, with multiple 
clinical guidelines recommending Kampo as a treatment 
option (26). This has established an institutional 
foundation for its routine use. Surveys indicate that 
92.7% of Japanese family physicians have prescribed 
Kampo formulations, frequently using them for patients 
with health-related anxiety or mental disorders (27). Of 
679 clinicians, 30% regularly prescribe Kampo, while 
45% prescribe it occasionally (28). A 2020 public survey 
revealed that 71% of respondents had taken Kampo 
medicines (29). Kampo is widely used for psychiatric 
disorders (e.g., dementia, schizophrenia spectrum 
disorders, mood disorders, and anxiety disorders) (30) 
as well as cancer-related anorexia, general malaise, and 
peripheral neuropathy (31).
	 Common formulations and indications: Frequently 
prescribed medicines include Shakuyakukanzoto (an 
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analgesic, for neuralgia and joint pain) (32), Kakkonto 
(for acute upper respiratory tract inflammation) (33), 
Hochuekkito (for recovery from fatigue) (34-36), 
Rikkunshito and Daikenchuto (for upper and lower 
gastrointestinal discomfort) (37,38). Additionally, 
Yokukansan is frequently used to treat dementia and ICU 
delirium; Goreisan is used not only for gastrointestinal 
and renal diseases (39,40), but also for lymphedema 
following retroperitoneal lymph node resection (41); 
and formulations like Hachimijiogan have been found 
to enhance the quality of life for dialysis patients and 
potentially delay the initiation of dialysis, as evinced by 
studies on the impact of dialysis treatment on patient 
well-being and the importance of supportive care in 
improving outcomes (42). Data from a university 
hospital inpatient registry has indicated that Daikenchuto 
was prescribed most frequently (485 cases), primarily 
for postoperative and psychosomatic gastrointestinal 
symptoms (43).
	 According to the Yasui Classification, Kampo 
formulations are often combined with Western 
medications to enhance therapeutic efficacy (e.g., 
Shichimitsukokato in combination with antihypertensive 
drugs), to mitigate adverse reactions to Western drugs 
(e.g., Hochuekkito for treating severe diarrhea caused by 
azacytidine in patients with myelodysplastic syndromes), 
or to serve as substitutes when Western drugs are 
contraindicated (e.g., Goreisan for treating headaches 
during pregnancy) (44).
	 The Evidence-Based Medicine Committee of the 
Japanese Society of Oriental Medicine has systematically 
screened over 500 randomized controlled trials (RCTs) 
and published the Kampo Best RCTs, providing a crucial 
clinical reference (45).
	 In summary, the Chinese model can be characterized 
as follows: personalized prescriptions serve as the 
foundation, a standardized system is in the process of 
development, and evidence-based data continues to 
accumulate. Its strengths reside in its strong clinical 
adaptability and its capacity to fully reflect the 
characteristics of TCM. Challenges include achieving 
unified regulation, ensuring consistent quality, and 
producing high-level evidence-based data. The Japanese 
model is characterized by a prerequisite of standardized 
prescriptions, a safeguard of unified medical insurance 
coverage, and a support system of evidence-based 
practice. Japanese Kampo medicine, rooted in TCM, 
has gained a significant market share globally, and 
particularly in Japan, due to its standardized production, 
consistent quality, and systematic clinical evidence. 
This approach has led to its popularity and dominance 
in the international market, with a focus on quality and 
safety. However, this standardized approach may limit 
the flexibility of tailoring prescriptions to individual 
symptoms.

7. Discussion

The different pathways to modernization in China and 
Japan as described in this review (formulated granules 
vs. Kampo medicines) are by no means merely a matter 
of differing technical choices; rather, they stem from 
divergences in regulatory philosophies, healthcare 
systems, and industrialization goals. An in-depth analysis 
of these institutional roots will help explain why the 
two models have diverged systematically in terms of 
quality standards, clinical evidence, and potential use 
internationally.

7.1. Structural contradictions between RCT design and 
consistent quality

The fixed formulation model of Japanese Kampo 
medicine essentially transforms traditional formulations 
into standardized industrial products. Its regulatory 
pathway requires that product ingredients, proportions, 
and manufacturing processes be completely fixed, 
making Kampo medicine naturally suited to classic 
placebo-controlled RCTs—where interventions are 
uniform and reproducible, in line with the paradigm 
of drug evaluation. However, this high level of 
reproducibility comes at the expense of the flexibility 
inherent in the core TCM principle of "differentiation of 
syndromes and treatment." In clinical practice, Japanese 
physicians rarely adjust formulations even when they 
observe changes in a patient's syndrome. While this 
ensures internal validity in RCTs, it undermines the need 
for individualized treatment in the real world.
	 In contrast, the "full-spectrum extraction plus 
clinical adjustment" model of formulated granules of 
TCM allows physicians to dynamically formulate, 
add, or subtract ingredients based on changing clinical 
presentations. While this preserves the flexibility of 
TCM, it poses a fundamental challenge to RCT design: 
how to create a comparable control group while 
maintaining individualized treatment? A deeper issue 
lies in the difficulty of ensuring the inter-manufacturer 
equivalence of formulated granules—differences in raw 
material sources, extraction processes, and excipients 
among manufacturers lead to significant variations in 
the chemical fingerprint profiles and dissolution profiles 
of the same standardized formulated granules. This not 
only diminishes the generalizability of multicenter RCT 
results but also prevents drug regulatory authorities from 
implementing uniformity controls as effectively as in 
Japan.

7.2. The cost of high reproducibility and clinical 
flexibility

The high reproducibility of Japanese Kampo medicines 
stems from its unique regulatory system of "pharmacy 
formulations combined with GMP uniformity." While 
this system ensures batch-to-batch consistency and the 
stability of Kampo medicines, it simultaneously imposes 
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institutional constraints on the prescribing freedom 
of Japanese Kampo physicians. While this model 
facilitates industrial production and evidence generation, 
it may lead to a dilution of therapeutic efficacy due 
to "inappropriate formulation-patient matching"—for 
example, the widespread use of Shosaikoto in Japan 
has been linked to cases of interstitial pneumonia due to 
insufficient syndrome differentiation (48). This illustrates 
that high reproducibility, when detached from clinical 
flexibility, may obscure the fundamental principles of 
traditional medicine.
	 Formulated granules of TCM offer immense clinical 
flexibility, but at the cost of an exponential increase in 
the complexity of source-level quality control. Since 
physicians are permitted to freely combine single-herb 
granules and an effectively infinite number of "potential 
formulations" exist on the market, but regulators can 
only control the quality of each type of granule once it is 
marketed and they cannot verify the final prescription as 
a whole. Due to differences in manufacturing processes, 
granules of the same type produced by different companies 
may exhibit varying bioequivalence, which directly 
leads to a crisis of prescription reproducibility across 
manufacturers and hospitals. This flexibility has become 
a fundamental obstacle to the international spread of 
formulated granules of TCM—particularly when entering 
markets such as the EU and the U.S., which require strict 
proof of bioequivalence for generic drugs.
	 There is essentially no perfect answer to how to 
balance the strengths and weaknesses of formulated 
granules of TCM and Japanese Kampo medicines. 
However, a potential breakthrough for Chinese formulated 
granules in the future may come from several approaches 
as described below.
	 Enhancing and unifying quali ty standards: 
Accelerating the development of a comprehensive system 
with quality standards and traceability that covers the 
entire process from raw materials to finished products. 
Focusing on resolving equivalence issues among products 
from different manufacturers, which arise due to variations 
in production processes, is a core task once national 
standards are fully implemented.
	 The systematic advancement of clinical evidence-
based research can be informed by Japan's evidence-based 
path for development of Kampo medicine, and particularly 
by focusing on disease categories where Kampo has 
proven advantageous and on clinical formulations that are 
frequently utilized. More methodologically rigorous RCTs 
and real-world studies need to be designed and conducted 
to amass internationally recognized high-level medical 
evidence, providing robust support for the clinical use of 
TCM.
	 Holistic elucidation of compound mechanisms: 
Using integrative strategies such as multi-omics and 
bioinformatics, conducting more in-depth network 
pharmacology and systems pharmacology research into 
the synergistic mechanisms of granules with multiple 

components, targets, and pathways. Using modern 
scientific language to describe the scientific basis for 
their traditional efficacy.
	 Further exploring the potential for Sino-Japanese 
cooperation: Both countries are capable of achieving 
technological complementarity in areas including in-depth 
analysis of active ingredients, screening the material bases 
for broad-spectrum formulations, and collaboratively 
developing novel dosage forms. Additionally, they can 
jointly undertake targeted clinical research projects that 
comply with international standards.
	 Actively promoting international harmonization of 
regulations and standards: Jointly exploring strategies 
to evaluate traditional medicines within international 
frameworks like the World Health Organization, thereby 
removing obstacles for formulated granules of TCM to 
be registered internationally and to be allowed market 
access.

8. Conclusion

Formulated granules in TCM and Japanese Kampo 
preparations represent two distinct paradigms in the 
modernization of traditional medicine. Formulated 
granules, rooted in the traditional theory of syndrome 
differentiation and treatment, serve the vast and 
complex clinical needs of the Chinese population. 
Formulated granules are developing on a path toward 
industrial production and flexible clinical formulations, 
and a standardized system of those formulations is 
being created. Japanese Kampo, which relies on fixed 
prescriptions and a universal healthcare system, has 
enabled highly standardized and intensive production 
as well as evidence-based use. Although the paths 
of their development diverge, both face the common 
challenge of demonstrating efficacy and safety within 
a modern scientific framework while ensuring precise, 
end-to-end quality control. The future development of 
formulated granules of TCM relies on maintaining the 
core principles of TCM theory while also enhancing 
quality standards, advancing pharmacodynamic research, 
and amassing persuasive clinical evidence. Rationally 
learning from Japan's mature experience in Kampo 
medicine and particularly standardization, evidence-
based medical practice, and the close integration of 
industry and healthcare, TCM can also draw on the 
unique advantages of formulated granules in terms of 
clinical flexibility and technological innovation. TCM 
can offer significant practical and long-term strategic 
value by contributing to global health.
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1. Introduction

Chronic constipation is one of the most frequent 
gas t ro in tes t ina l  d i sorders  caused  by  a l t e red 
gastrointestinal dynamics. Its incidence is increasing 
due to modern lifestyles, dietary composition, and 
psychological changes, with a global prevalence between 
10% and 15% in the population (1). Chronic constipation 
is not a life-threatening condition, but it has a great 
impact on the quality of life of patients, posing a serious 
mental and physical burden (2). In addition, chronic 
constipation can increase economic costs and result in 
a burden to healthcare delivery systems worldwide (3). 
Direct costs attributed to constipation-related health care 
in the US are estimated to be more than US$230 million 
per year (4).

	 Various treatment options are generally recommended 
by the American Gastroenterological Association, 
including dietary changes, lifestyle modifications, the use 
of fiber supplements, stool softeners, and laxatives (5). 
Unfortunately, more than 50% of patients fail to respond 
to these standard treatments mainly due to dissatisfaction 
with efficacy, safety, adverse reactions, and cost (6). 
Therefore, the treatment of chronic constipation remains 
a challenge. A safe and cost-effective treatment for 
chronic constipation needs to be identified. Nowadays, 
many patients with chronic constipation seek help from 
complementary and alternative therapies, and external 
treatment with traditional Chinese medicine (TCM) is 
their usual choice (7).
	 External treatment with TCM, as a unique traditional 
treatment with a long history in China, refers to a series 
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SUMMARY: Chronic constipation is one of the most common gastrointestinal disorders worldwide. It has an impact 
on daily life and poses a considerable economic burden. Tongfu Powder originated from the Xiaochengqi Decoction 
with the intent of promoting defecation. Acupoint application of Tongfu Powder has exhibited potentially beneficial 
effects in the treatment of constipation. However, the potential mechanisms by which acupoint application of Tongfu 
Powder regulates gastrointestinal motility and gut microbiota are still unclear. The current study sought to investigate 
the effects and underlying mechanisms of acupoint application of Tongfu Powder on loperamide-induced constipation 
in mice. The results demonstrated that acupoint application of Tongfu Powder significantly improved the overall 
defecation of constipated mice, including an increase in the number of fecal pellets, fecal weight, and water content, 
a decrease in gastric residual volume, and an increase in the intestinal propulsion rate. It also alleviated loperamide-
induced colonic histopathological deterioration such as cellular infiltration and thinning of the muscular and mucosal 
layers in constipated mice. Acupoint application of Tongfu Powder significantly up-regulated the levels of interstitial 
cells of Cajal (ICC) markers (c-Kit and SCF) and it increased synthesis of intestinal 5-hydroxytryptamine (5-HT) and 
related proteins (TPH1, HTR4 and SERT). Acupoint application of Tongfu Powder promoted intestinal mucin-2 (MUC2) 
secretion and increased the expression of tight junction proteins (claudin-1 and occludin). 16S rRNA gene sequencing 
revealed that acupoint application of Tongfu Powder significantly increased the abundance of Akkermansia muciniphila, 
a bacterium known to be involved in regulating gut motility and intestinal barrier function, thereby alleviating intestinal 
dysfunction. In addition, it is worth noting that the therapeutic effect of Tongfu Powder acupoint application combined 
with lactulose is superior to that of either treatment alone. In conclusion, results revealed that acupoint application of 
Tongfu Powder might alleviate loperamide-induced constipation by regulating the intestinal barrier and gut microbiota.

Keywords: Chronic constipation, Tongfu powder, acupoint application, gastrointestinal motility, gut microbiota
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of external treatments such as acupuncture, moxibustion, 
massage, and acupoint application (8). These external 
therapies were reported to be efficacious and to 
avoid adverse consequences such as abdominal pain, 
electrolyte disturbance, melanosis coli, and severe drug 
dependence after long-term use of laxatives (9). Acupoint 
application is a form of external TCM that is considered 
a non-invasive method combining acupuncture points, 
meridians, and Chinese herbal medicines. Chinese herbal 
medicines can treat or prevent diseases by permeating 
and stimulating skin-related acupoints (10). When 
treating constipation, several Chinese herbal medicines 
to promote defecation are usually the preferred choice 
for acupoint application.
	 Xiaochengqi Decoction is an ancient traditional 
herbal formula originating from the Treatise on Febrile 
Diseases (Han Dynasty China), which has been used 
to treat chronic constipation for thousands of years 
(9). It consists of three herbs, Rheum officinale Baill., 
Citrus aurantium L., and Magnolia officinalis Cortex. 
Tongfu Powder is a prescription formulated by the 
authors' hospital based on the Xiaochengqi Decoction 
and consists of five herbs, Rheum officinale Baill., 
Citrus aurantium L., Magnolia officinalis Cortex, Areca 
catechu L. and Dryobalanops aromatica C.F. Gaertn. 
The plant names have been checked with "World Flora 
Online (WFO)" (http://www.worldfloraonline.org). 
Rheum officinale Baill. extract can promote the secretion 
of colonic mucus and regulate the intestinal flora related 
to mucin secretion (11), while Citrus aurantium L. 
can increase colon propulsion and correct abnormal 
colonic slow waves to relieve chronic constipation (12). 
Magnolia officinalis Cortex can significantly promote 
gastrointestinal motility, and its main component 
magnolol can alleviate gastrointestinal dysfunction by 
up-regulating the expression of the c-kit/SCF signal 
pathway (13). Arecoline, as the main active component 
of Areca catechu L., can stimulate the contraction of 
rat distal colon smooth muscle via muscarinic (M3) 
receptor-mediated extracellular calcium influx and 
calcium pool release (14). It also can relieve constipation 
by regulating intestinal microorganisms and their 
metabolites and by regulating the intestinal genome (15). 
In addition, Dryobalanops aromatica C.F. Gaertn., as a 
natural transdermal enhancer, can effectively promote the 
absorption of herbal active ingredients through the skin 
(16).
	 Tongfu Powder has significant laxative effects and 
has been used for acupoint application to treat chronic 
constipation in clinics for more than ten years at the 
authors' hospital, but the underlying mechanisms by 
which acupoint application of Tongfu Powder treats 
chronic constipation remain unknown. A point worth 
noting is that gut microbiota dysbiosis is closely 
associated with the pathogenesis of gut dysmotility, 
which is receiving increasing attention (17). Gut 
microbiota dysbiosis results in inflammatory responses, 

an impairment in colonic epithelial integrity, and a 
reduction in bowel secretions, thus decreasing intestinal 
peristalsis and inducing constipation (18). Therefore, the 
current study aimed to explore the potential mechanisms 
of acupoint application of Tongfu Powder in treating 
chronic constipation in the context of the intestinal 
barrier and microbiota. The hope is that this experimental 
study will provide new avenues and theoretical support 
for the clinical practice of acupoint application of Tongfu 
Powder in treating chronic constipation.

2. Materials and Methods

2.1. Preparation of Chinese herbal medicines and 
acupoint selection for acupoint application

The Chinese herbal medicine Tongfu Powder used in this 
study originated from the Xiaochengqi Decoction, and 
its preparation was as follows: Rheum officinale Baill., 
Citrus aurantium L., Magnolia officinalis Cortex, Areca 
catechu L. and Dryobalanops aromatica C.F. Gaertn 
were ground into powder, mixed in a ratio of 3:5:5:5:1, 
and then made into a paste with Chinese yellow rice 
wine. The above drugs are all from the traditional 
Chinese medicine pharmacy of Shandong Provincial 
Hospital. Approximately 1 g of the Chinese herbal 
medicine ointment was placed onto a ring-shaped patch 
(with a diameter and thickness of about 1.5 cm and 0.5 
cm, respectively) and applied to the navel center (Shenque 
point) of mice (Figure 1A). Shenque (RN8), located at 
the navel, is one of the effective acupuncture points for 
chronic constipation (19).

2.2. Chemicals

A lactulose oral solution was purchased from Abbott 
Biologicals B.V. Loperamide hydrochloride (L129465-
1g) was purchased from Aladdin (Shanghai, China). A 
serotonin 5-hydroxytrytamine (5-HT) ELISA kit was 
purchased from KeyBio (Jinan, China). The mouse 
monoclonal antibody SCF (sc-13126) was purchased 
from Santa Cruz Biotechnology, Inc. (Dallas, Texas). 
The rabbit monoclonal antibodies C-Kit (ab256345) 
and TPH (ab52954) were purchased from Abcam 
(Cambridge, UK). Claudin-1 (CY6872) and Occludin 
(CY5997) were purchased from Abways (Shanghai, 
China). SERT (19559-1-AP), HTR-4 (21165-1-AP), and 
MUC2 (27675-1-AP) were purchased from PTG (Wuhan, 
China). GAPDH (ZB15004-HRP-100) was purchased 
from Servicebio (Wuhan, China).

2.3. Animals and experimental design

Forty specific-pathogen-free (SPF) male Kunming 
mice, aged 8 weeks and weighing 40–47 g, were 
purchased from Beijing Charles river Laboratory Animal 
Technology Co., Ltd. (Beijing, China; license No. 
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Figure 1. Study setup and effects of acupoint application on physiological parameters in constipated mice. (A) Tool for acupoint application 
and map of the abdominal Shenque acupoint (RN8) in mice. (B) Schematic diagram of the experimental design. (C) Body weight. (D) Body weight 
gain on the 21st day of the experiment compared to that on the 1st day. (E-H) Changes in the fecal wet weight, dry weight, pellet number, and water 
content within 6 hours. Data were expressed as the mean ± SEM (n = 8). #p < 0.05, ###p < 0.001, and ####p < 0.0001 vs. the control group; *p < 0.05, **p 
< 0.01, ***p < 0.001, and ****p < 0.0001 vs. the model group; ns, not significant.
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SCXK(Jing)2021-0011). The mice were housed in an 
environment with a room temperature ranging from 20 
to 24°C, a humidity level of 50 to 70%, and a 12-hour 
light/dark cycle. They were provided with free access 
to standard laboratory food and water. All procedures 
followed the management guidelines set forth by the 
Experimental Animal Ethics Committee of Shandong 
Provincial Hospital affiliated with Shandong First 
Medical University (Ethics No. 2022-096). In addition, 
all methods used in this study are in accordance with the 
ARRIVE Guidelines.
	 After one week of adaptive feeding, the mice were 
randomly divided into five groups based on their body 
weight with 8 mice in each group: the control group 
(Control), the constipation model control group (Model), 
the lactulose group (Lactulose), the acupoint application 
of Tongfu Powder group (Acupoint application), and 
the group treated with a combination of lactulose and 
acupoint application (Lactulose+Acupoint application).
	 A mouse model of constipation was established 
by slightly modifying the method used in a previous 
study (20). Because loperamide is insoluble in water, it 
is suspended in 0.5% sodium carboxymethyl cellulose 
(CMC-Na) for subsequent administration by gavage. 
During the experiment, from day 1 to day 21, all 
mice (except the control group) were given 0.2 mL of 
loperamide (10 mg/kg) by gavage at 8 o'clock every day 
to induce and maintain constipation. Mice in the control 
group were given the same dose of 0.5% CMC-Na. After 
the constipation model was successfully established, from 
the 8th day to the 21st day, at 10 o 'clock every day, the 
mice in the three treatment groups received the following 
treatment: the lactulose group was given 0.2 mL of a 
lactulose solution (3.9 mL/kg), the acupoint application 
group was treated with herbal medicines for 6 hours, 
and the combined treatment group was treated with both 
lactulose and acupoint application. The timeline for each 
treatment group is depicted in Figure 1B.

2.4. Determination of body weight and defecation

On the 0th and 7th day, the weight of each mouse, the 
number and weight of fecal pellets within 6 hours, and 
the moisture content of feces were recorded. To calculate 
the moisture content, the fresh feces of mice were dried 
in a ventilated oven at 60°C until a constant weight 
was obtained. Then, the following formula was used to 
determine the fecal moisture content: Fecal moisture 
content (%) = (difference between wet weight and dry 
weight) / wet weight × 100%. These indicators were used 
to evaluate the defecation of mice and determine whether 
the constipation model was successfully established. On 
days 14 and 21, the body weight and feces of all mice 
were recorded again to evaluate the defecation of mice.
	 In order to evaluate the gastrointestinal transport 
capacity of mice, 0.4 mL of a black semi-solid 
paste (consisting of water, CMC-Na, milk powder, 

sugar, starch, and an ink mixture) was administered 
intragastrically after a 12-hour fasting period following 
the last administration. After 20 minutes of intragastric 
administration, the mice were immediately sacrificed. 
The gastrointestinal transit rate was calculated by 
determining the percentage of the distance the ink in the 
semi-solid paste moved in relation to the length of the 
entire small intestine. In addition, the stomach of mice 
was weighed to evaluate the gastric emptying of mice.

2.5. Tissue staining

After the mice were sacrificed, the colon tissue was 
gently shaken in pre-cooled PBS to remove the intestinal 
contents. A portion of the colon was preserved in liquid 
nitrogen for subsequent experiments, while the other part 
was fixed in a 4% paraformaldehyde fixed solution. The 
colon tissue of mice was fixed for 48 hours, embedded in 
paraffin, and cut into 4-μm sections for section staining 
and immunohistochemistry. Hematoxylin-eosin staining 
(H&E) was used to evaluate histopathological changes, 
and Alcian blue (AB) staining was used to evaluate the 
amount of colonic mucus. Finally, the histopathological 
morphology was observed with an optical microscope 
and quantified using the software Image J 1.54d.

2.6. Immunohistochemical (IHC) staining

To analyze the expression of MUC2 protein, IHC 
staining was used as mentioned in our previous studies 
(21). The colon tissue slices were dewaxed and hydrated 
and then soaked in 0.3% methanol hydrogen peroxide 
for 30 minutes to block endogenous peroxidase activity. 
Next, the slices were incubated overnight at 4℃ with 
primary antibody MUC2 (1:1,000), followed by 1 
hour of incubation at room temperature with the anti-
rabbit secondary antibody. Staining was visualized 
using the DAB horseradish peroxidase chromogenic kit 
(Wuhan Service Biotechnology Co., Wuhan, China), 
and samples were counterstained with hematoxylin. The 
expression of MUC2 was detected and photographed 
using the 3D HISTECH Digital Pathology System. The 
average optical density (MOD) was measured using the 
graphic analysis software Image J. All IHC staining was 
independently evaluated by two researchers, and any 
discrepancies were resolved through group discussion.

2.7. Enzyme-linked immunosorbent assay (ELISA)

To assess the level of the neurotransmitter 5-HT, blood 
was collected from the eyeballs of anesthetized mice 
using a sterile tube. The blood was then left at room 
temperature for 2 hours before being centrifuged at 3,500 
rpm at 4℃ for 15 minutes to obtain serum samples. All 
serum samples were packaged and stored in a −80◦C 
refrigerator. The level of 5-HT in serum was determined 
using an ELISA kit, as mentioned above (22).
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2.8. Real-time quantitative PCR (RT-qPCR)

The expression of mRNA of several genes was detected 
with RT-qPCR as described previously (23). Total RNA 
was extracted from mouse colon tissue using the TRIzol 
reagent (Exact Biology, Hunan, China), and 1 μg of 
RNA was reverse-transcribed into complementary DNA 
(cDNA) according to the instructions for AbScript III 
RT Master Mix (ABclonal Technology, Wuhan, China). 
Then, SYBR Green (ABclonal Technology, Wuhan, 
China) was used as a fluorescent marker, and 2 μL cDNA 
and corresponding upstream and downstream primers 
(10 μmol/L) were added to the 20 μL reaction system 
and amplified using the Fluorescence Quantitative 
PCR Detection System (Bioer, Hangzhou, China). The 
sequences of amplification primers (GAPDH, SCF, 
c-kit, claudin-1, and occludin) are shown in Table 1. 
The amplification protocol was as follows: initiation at 
37°C for 2 m, 95°C for 3 m, one cycle each, and then 
amplification at 95°C for 40 cycles for 5 s and 60°C 
for 30 s. GAPDH was used as a reference gene, and the 
relative expression of the target gene was calculated 
according to the 2− ΔΔCt method.

2.9. Western blotting (WB)

As mentioned previously (24) ,  the expression 
of several proteins was detected with WB. After 
extracting total protein from colon tissue, proteins with 
different molecular weights were separated using gel 
electrophoresis. After the WB membrane was sealed 
in QuickBlock™ for 15 minutes, it was incubated 
with primary antibodies at 4°C overnight, including 
c-kit (1:1,000), SCF (1:2,000), HTR4 (1:1,000), Tph1 
(1:1,000), and SERT (1:1,000). Then, the membrane was 
incubated with the secondary antibody for 1 h at room 
temperature. Finally, the protein bands were detected 
using enhanced chemiluminescence.

2.10. 16S rDNA sequencing of intestinal bacteria

DNA was extracted from the intestinal contents 
of mice using a CTAB kit. The V3-V4 variable 
region was amplified using barcode primers (341F 
(5'-CCTACGGGGNGGCWGCAG-3') and 805R    
(5'-GACTACHVGGGGTATCTAATCC-3')). PCR 

products were purified using AMPure XT beads 
(Beckman Coulter Genomics, Danvers, MA, USA) 
and quantified using Qubit (Invitrogen, USA). The 
purified PCR products were evaluated using the Agilent 
2100 Bioanalyzer (Agilent, USA) and Illumina (Kapa 
Biosciences, Woburn, MA, USA) library quantification 
kits. The qualified library concentration should be above 
2 nM. After gradient dilution of the qualified sequencing 
libraries (Index sequence is not repeatable), they were 
mixed in the corresponding proportion according to the 
required sequencing amount and denatured with NaOH 
to a single strand for sequencing. The NovaSeq 6000 
sequencing instrument was used for 2 × 250 bp double-
ended sequencing, and the corresponding reagent was 
NovaSeq 6000 SP Reagent Kit (500 cycles). After 
sequencing, all data were analyzed.

2.11. Statistical analyses

The software GraphPad Prism 8.0 (GraphPad Software, 
LA Jolla, CA, USA) was used to perform statistical 
analysis, and the results were expressed as the mean 
± SEM. One-way analysis of variance (ANOVA) was 
used to determine the differences between more than 
two groups, and comparisons between two groups were 
further analyzed using Tukey's multiple comparisons test. 
For all results, statistical significance was indicated by a 
p value < 0.05.

3. Results

3.1. Effects of acupoint application on improving 
defecation in constipated mice

Throughout the experiment, the mice exhibited a sluggish 
response, reduced activity, yellow and dull fur, anorexia, 
and other symptoms after administration of loperamide. 
Their feces were dry, short, hard, and light yellow, with 
undigested food visible in them. However, mice in the 
control group were active and had white, shiny fur and 
wet, sticky feces that were slightly larger, softer, and 
darker.
	 As shown in Figure 1C-1D, on the 7th day of 
loperamide treatment, loperamide significantly inhibited 
the weight gain of mice compared to the control group, 
and the number of fecal pellets, dry and wet weight, 

Table 1. Sequences of primers used for amplification and sequencing

Primer

C-kit
SCF
Claudin-1
Occludin
Gapdh

Forward

GACCCGACGCAACTTCCTTAT
TCTGCGGGAATCCTGTGACT
AGCACCGGGCAGATACAGT
CTCCTCCAATGGCAAAGTGAATG
TGCACCACCAACTGCTTAG

Reverse

TGGCAGCATCCGACTTAATCAA
CGGCGACATAGTTGAGGGTTAT
GCCAATTACCATCAAGGCTCG
GTCATCCACACTCAAGGTCAGA
GATGCAGGGATGATGTTC

Sequence (5'-3')
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and fecal water content of mice decreased significantly 
(Figure 1E-1H). This indicates that the constipation 
model has been successfully replicated. After two weeks 
of treatment, the weight of mice in the lactulose group, 
acupoint application group, and lactulose + acupoint 
application group increased, and defecation gradually 
recovered compared to that in the model group.
	 In addition, the small intestine propulsion rate in 
the three intervention groups improved significantly 
compared to that in the model group, and the gastric 
residual weight decreased significantly (Figures 2A-
2C). Moreover, there were no significant differences in 
the intestinal propulsion rate and gastric residual weight 
between the acupoint application group and the lactulose 
group (p > 0.05). Compared to the lactulose group or 
the acupoint application group, the lactulose + acupoint 
application group had a significantly higher intestinal 
propulsion rate (p < 0.05). These results show that the 
acupoint application of Tongfu Powder alleviated the 
symptoms of constipation in mice and maintained the 

healthy state of the gastrointestinal tract by increasing the 
amount and moisture content of feces and accelerating 
gastrointestinal peristalsis. The efficacy of the lactulose 
group was similar to that of the acupoint application 
group, whereas the combination therapy exhibited 
superior effects.

3.2. Effects of acupoint application on reducing colon 
tissue damage

To evaluate the effects of acupoint application of Tongfu 
Powder on the intestinal composition of constipated 
mice, H&E staining was used. Compared to the 
control group, staining in the model group indicated 
that loperamide caused a decrease in the number and 
disordered arrangement of goblet cells in the colon 
of mice, edema in the submucosa, destruction of the 
crypt structure, and thinning of muscle and mucosal 
layers (Figure 3A). Fortunately, the damaged colonic 
structures in the lactulose group, acupoint application 

Figure 2. Effects of acupoint application on small intestinal propulsion in constipated mice. (A) The propulsive distance of ink in semi-solid 
nutrients in the intestinal tract. (B) Intestinal transit rates. (C) Gastric residue. Data were expressed as the mean ± SEM (n = 8). ####p < 0.0001 vs. the 
control group; *p < 0.05, **p < 0.01 and ****p < 0.0001 vs. the model group; &p < 0.05 vs. the lactulose + acupoint application group; ns, not significant.
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group, and lactulose + acupoint application group 
improved, and especially the thickness of the muscle 
and mucous membrane, which was significantly thicker 
than that in the model group (Figures 3B-3C). Moreover, 
there were no significant differences in the thickness 
of colonic muscle and mucosa between the acupoint 
application group and the lactulose group (p > 0.05). In 
addition, the thickness of the colon muscle and mucosa 
in the lactulose + acupoint application group increased 
compared to that in the lactulose group or the acupoint 
application group, but the difference was not statistically 
significant (p > 0.05). These results indicated that the 
acupoint application of Tongfu Powder significantly 
reversed the damage caused by loperamide to colon 
histology. In addition, the effect of acupoint application 
on colon recovery is not inferior to lactulose, and the 
combined therapy showed superior efficacy.

3.3. Effects of acupoint application on the SCF/c-kit 
signaling pathway

Inters t i t ia l  cel ls  of  Cajal  ( ICC) can regulate 
gastrointestinal motility, and SCF/c-kit is essential for the 
growth and development of ICC (25). Therefore, SCF/
c-kit signaling pathway-related proteins were examined 
to evaluate the mechanism of acupoint application 
of Tongfu Powder in treating constipation. RT-qPCR 
indicated that acupoint application increased the levels 
of c-kit and SCF genes in constipated mice (Figure 
3D). WB also indicated that, the levels of c-kit and SCF 
increased in the three treatment groups compared to 
the model group (Figures 3E-3F). The most significant 
increase was noted in the lactulose + acupoint application 
group (p < 0.0001 and p < 0.001). In addition, there 
were no significant differences in expression of the c-kit 
and SCF gene and protein in the acupoint application 
group compared to those in the lactulose group (p > 
0.05). These results indicated that acupoint application 
with Tongfu Powder regulated intestinal motility by 
modulating the expression of c-kit and SCF in colonic 
tissue. Moreover, the effect of acupoint application on 

Figure 3. Effects of acupoint application on intestinal tissue damage and the SCF/c-kit signaling pathway in constipated mice. (A) 
Pathological features of colon tissue detected with H&E staining (100× magnification). (B) Thickness of colon muscle. (C) Thickness of colonic 
mucosa. (D) Expression of c-kit and SCF mRNA detected with RT-qPCR. The levels of C-Kit and SCF protein according to WB (E) and quantified 
using Image J 1.54d (F). Data were expressed as the mean ± SEM (n = 8). #p < 0.05, ##P < 0.01, ###p < 0.001, and ####p < 0.0001 vs. the control group; 
*p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 vs. the model group; ns, not significant.
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colon recovery was not inferior to that of lactulose, and 
the combination of lactulose and acupoint application 
appeared to offer additional advantages.

3 .4 .  E ff ec t s  o f  acupo in t  app l i ca t i on  on  the 
5-hydroxytryptamine (5-HT) signaling pathway

To further study the mechanism of acupoint application 
of Tongfu Powder on intestinal peristalsis, 5-HT 
signaling was analyzed using ELISA and the expression 
of 5-HT-related proteins was analyzed using WB. As 
shown in Figure 4, acupoint application of Tongfu 
Powder significantly increased the serum levels of 5-HT, 
up-regulated the expression of TPH1 and HTR4, and 
decreased the expression of SERT compared to levels in 
the model group. In addition, there were no significant 
differences in the expression of 5-HT and 5-HT-related 
proteins between the acupoint application group and 
the lactulose group (p > 0.05). Expression of 5-HT and 
5-HT-related proteins tended to improve in the lactulose 
+ acupoint application group compared to the lactulose 
group or acupoint application group, but the difference 
was not statistically significant (p > 0.05). These results 
indicate that acupoint application of Tongfu Powder 
regulated intestinal motility via modulation of the 5-HT 

signaling pathway. Furthermore, the regulatory effect of 
acupoint application on colonic function was not inferior 
to that of lactulose, and the combined treatment was 
superior to either monotherapy alone.

3.5. Effects of acupoint application on the function of the 
colonic mucus barrier

The colonic mucus layer is reported to play a crucial role 
in alleviating constipation (26). Therefore, the content 
of the acidic mucus layer in the colon was detected 
using AB staining (Figure 5A). The quantified image 
of the blue stained area in Figure 5B indicates that, in 
comparison to the control group, the blue stained area 
of the colonic mucus diminished significantly in the 
model group. However, the blue stained area increased 
significantly in the lactulose group, acupoint application 
group, and lactulose + acupoint application group, with 
the most pronounced increase in the lactulose + acupoint 
application group. In addition, the level of mucin2 
(MUC2), which is involved in the production of colonic 
mucus, was also examined. Findings revealed that the 
immunohistochemical detection and image quantification 
of MUC2 exhibited a similar trend as AB staining 
(Figures 5C-5D), which further validated the results of 

Figure 4. Effects of acupoint application on the 5-hydroxytryptamine (5-HT) signaling pathway. (A) The levels of 5-HT in serum measured 
with ELISA. The levels of HTR4, TPH1, and SERT protein according to WB (B) and quantified using Image J 1.48 (C). Data were expressed as the 
mean ± SEM (n = 6). ##P < 0.01, and ###p < 0.001 vs. the control group; *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 vs. the model group; &p < 
0.05 vs. the lactulose + acupoint application group; ns, not significant.
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AB staining.
	 In addition, there were no significant differences 
in the blue stained area and the proportion of MUC2 
expression in the acupoint application group compared to 
the lactulose group  (p > 0.05). Compared to the acupoint 
application group and the lactulose group, the proportion 
of the blue stained area in the lactulose + acupoint 
application group increased significantly (p < 0.05). 
These results indicate that acupoint application of Tongfu 
Powder improved the dry and hard feces of constipated 
mice by increasing the production of colonic mucus, 
that the increase in colonic mucus as a result of acupoint 
application was not inferior to lactulose, and that the 
combined treatment has advantages.

3.6. Effects of acupoint application on the function of the 
colonic epithelial barrier

To investigate the impact of acupoint application of 
Tongfu Powder on the colonic epithelial barrier in 
constipated mice, the expression of mRNA of the tight 
junction proteins Occludin and Claudin-1 was analyzed 
using RT-qPCR and WB. After acupoint application of 
Tongfu Powder, the expression of Claudin-1 mRNA 
and protein increased significantly, and the increase 
in Claudin-1 was more pronounced in the lactulose + 
acupoint application group (p < 0.05, Figures 5E-5G). 
Moreover, the expression of Occludin mRNA and protein 
in the treatment groups was up-regulated compared to 
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Figure 5. Effects of acupoint application on the function of the colonic mucus and epithelial barriers. The amount of colonic mucus evaluated 
with AB staining (100× magnification) (A) and quantified using Image J 1.48 (B). The levels of MUC2 protein detected with IHC staining (100× 
magnification) (C) and quantified using Image J 1.48 (D). (E) Expression of Occludin and Claudin-1 mRNA detected with RT-qPCR. The levels of 
Occludin and Claudin-1 protein according to WB (G) and quantified using Image J 1.48 (F). Data were expressed as the mean ± SEM (n = 6).  #P < 
0.05, ##p < 0.01, ###p < 0.001, and ####p < 0.0001 vs. the control group; *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 vs. the model group; &p < 0.05 
vs. the lactulose + acupoint application group; ns, not significant.
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that in the model group (p < 0.05). This suggested that 
acupoint application of Tongfu Powder restored the 
barrier function of colon tissue by up-regulating the 
expression of the connective proteins Claudin-1 and 
Occludin and that the combined effect is superior to 
either treatment alone.

3.7. Effects of acupoint application of Tongfu Powder on 
the abundance and diversity of the intestinal microbiota 
in constipated mice

To explore the potential role of the intestinal microbiota 
in the treatment of constipation by acupoint application 
of Tongfu Powder, the V3-V4 region of the 16S rDNA 
gene was sequenced. Results yielded 2,080,127 pieces of 
original data, and the effective data after quality control 
accounted for 100% of the original data, indicating that 
sequencing was highly effective. After sequencing, 
the final ASV feature table and feature sequence were 
analyzed and annotated. By comparing the bacterial 
sequences (Figure 6A), one can intuitively see the 
number of common and unique ASVs in each group. 
A point worth noting is that the number of ASVs in 
the model group was significantly smaller than that in 
other groups. The α diversity reflects the intra-group 
diversity of microbial samples, and the Goods coverage 
dilution curve (rarefaction curve) indicates the rate of 
microbial coverage and changes in species. When the 
curves of all samples reached the plateau period and the 
value approached one, this indicated that the sequencing 
quantity was reasonable and sufficient (Figure 6B). 
The Chao1 index and observed species index reflected 
the number of microbial species (Figures 6C-6D). 
The Shannon index and Simpson index were used to 
estimate the species diversity in the microbial sample 
group (Figures 6E-6F). Results indicated that the number 
and diversity of microbial species in the model group 
decreased significantly (p < 0.01, compared to the control 
group), while the change in the Alpha diversity index 
caused by loperamide was effectively reversed in the 
acupoint application group (p < 0.01, compared to the 
model group).
	 The β diversity explains the inter-group diversity 
of microbial samples, which was mainly evaluated 
by principal component analysis (PCA, Figure 6G), 
principal coordinates analysis (PCoA, Figure 6H), 
and clustering analysis (UPGMA, Figure 6I). Results 
indicated that the similarity within each group and the 
difference between groups was obvious, and the model 
group and control group were relatively separate. The 
three treatment groups were close to the control group. 
These results indicate that acupoint application of Tongfu 
Powder has a certain restorative effect on the decrease 
in intestinal microbiota abundance and diversity in mice 
with constipation induced by loperamide.

3.8. Effects of acupoint application on reconfiguring the 

composition of the gut microbiota in constipated mice

The impact of acupoint application on the composition 
of the intestinal microbiota in mice was investigated 
at the phylum, family, and genus levels. In the species 
relative abundance cluster diagram (Figures 7A, 7D, 7I), 
the distance between the control group and the lactulose 
group, acupoint application group, and lactulose + 
acupoint application group was similar, as was the 
abundance of each species, but they obviously differed 
from the model group.
	 The top 30 species were analyzed at the phylum and 
genus levels. At the phylum level, the main bacteria 
found in mouse feces were Firmicutes, Bacteroidetes, 
Proteobacteria, and Verrucomicrobiota. At the phylum 
level, the proportion of Firmicutes, Proteobacteria, 
and Bacteroideta decreased in the model group 
compared to the control group, while the proportion 
of Verrucomicrobiota increased. These changes in the 
microbiota were reversed in the treatment groups (Figures 
7B-7C). At the family level, loperamide reduced the 
population size of Lachnospiraceae, Muribaculaceae, 
Prevotellaceae, Bacteroidaceae, Bifidobacteriaceae, 
Family_XI, and Veillonellaceae (Figures 7E-7G). 
The population size of Akkermansiaceae increased 
(Figure 7H). However, recovery of the abundance 
of these species was evident to varying degrees in 
the treatment groups. At the genus level, the model 
group had a significant increase in the abundance of 
Akkermansia compared to the control group, while 
the abundance of Alloprevotella , Oscillibacter , 
Helicobacter, Anaerotruncus, Acetatifactor, Clostridium, 
Muribaculum, and Bacteroides decreased. In contrast, 
recovery of their abundance was evident to different 
degrees in the treatment groups (Figures 7J-7N). The 
abundance of Acetatifactor, Clostridium, Muribaculum, 
and Bacteroides increased significantly in the lactulose 
+ acupoint application group (p < 0.01). Acupoint 
application may regulate the intestinal microecology 
by increasing the abundance of potentially beneficial 
bacteria and reducing the abundance of potentially 
harmful bacteria, thus promoting gastrointestinal 
peristalsis.

3.9. Prediction of the function of the intestinal microbiota 
in constipated mice

PICRUSt2 is a bioinformatic tool designed to predict 
the functional potential of gut microbiota based on 
16S rRNA gene sequencing data. STAMP analysis 
and the KEGG database were used to select the top 20 
statistically significant functions to display in the form 
of pictures. As shown in Figure 8A, the histogram on 
the left represents the differences between groups, with 
different colors indicating different groups. The higher 
the column, the higher the abundance ratio, while the 
dot graph on the right shows the abundance of different 
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items. If the abundance of an item is higher in the 
control group than in the model group, the dot will be 
displayed on the right and marked with the color of the 
control group. Otherwise, it will be marked on the left 
with the color of the model group. The middle dotted 
line represents the 95% confidence interval. The farther 
a point is from this line, the greater the difference. The 
right axis shows the p value of the difference, with values 
increasing from bottom to top. The results of microbial 
function prediction indicated that the constipation model 
group had decreased levels of restriction enzymes, 
taurine and hypotaurine metabolism, primary and 
secondary bile acid biosynthesis, and limonene and 
pinene degradation compared to the control group. 
After the application of Tongfu Powder at the acupoint 
(Figure 8B), however, the metabolic pathways that were 
predicted to decrease instead increased. In addition, the 
signaling pathways were analyzed (Figure 8C), which 

revealed that acupoint application stimulated mannan 
degradation, heme biosynthesis, CMP− legion salt 
biosynthesis I, and L-glutamic acid degradation V while 
inhibiting pyrimidine deoxynucleotide phosphorylation.

3.10. Prediction of the bacterial phenotypes in 
constipated mice as a result of acupoint application

The tool BugBase was used to predict the bacterial 
phenotypes of intestinal microorganisms. The levels of 
aerobic bacteria, mobile elements, biofilm formation, 
Gram-negative bacteria, and stress tolerance increased 
in the model group compared to levels in the control 
group (Figures 9A, 9C, 9D, 9E, and 9H), while the 
levels of anaerobic bacteria, Gram-positive bacteria, and 
potentially pathogenic bacteria tended to decrease (Figure 
9B, 9F, and 9G). These parameters returned to normal 
in the lactulose group, acupoint application group, and 
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Figure 6. Effects of acupoint application on the abundance and diversity of the gut microbiota in constipated mice. (A) Venn diagram of 
characteristic sequence ASVs. (B) The Goods _coverage rarefaction curve. (C) The Chao1 index. (D) The observed species index. (E) The Shannon 
index. (F) The Simpson index. (G) PCA analysis. (H) PCoA analysis. (I) Clustering analysis. Data were expressed as the mean ± SEM (n = 5-7). ##p 
< 0.01 vs. the control group; **p < 0.01 vs. the model group.
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Figure 7. Effects of acupoint application on reconfiguring the composition of the gut microbiota in constipated mice. The differences in 
bacteria among each group are distinguished by a cluster diagram and histogram at the phylum (A), family (D), and genus (I) levels. (B-C) Relative 
abundance of the gut microbiota at the phylum, level. (E-H) Relative abundance of the gut microbiota at the family level. (J-N) Relative abundance 
of the gut microbiota at the genus level. Data were expressed as the mean ± SEM (n = 5-7). #p < 0.05, and ###p < 0.001 vs. the control group; *p < 0.05, 
**p < 0.01, and ***p < 0.001 vs. the model group.
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Figure 8. Prediction of the function of acupoint application in intestinal microbiota in constipated mice (n = 5-7). (A) Comparison between the 
control group and model group. (B) Comparison between the acupoint application group and model group. (C) Prediction of signal path function. 
STAMP analysis and the KEGG database were used to predict PICRUSt function, and the difference was analyzed when p < 0.05.
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lactulose + acupoint application group. A point worth 
noting is that the number of beneficial bacteria decreased 
in the model group, while it increased in the three 
treatment groups. This phenomenon may be related to 
the significant increase in Akkermansia spp., which is 
widely considered a beneficial microbiota, in the model 
group. These results confirmed that the microbiota plays 
an important role in the treatment of constipation through 
acupoint application of Tongfu Powder, and they provide 
a new direction for future research.

4. Discussion

Acupoint application of Chinese herbal medicines, as 
one of the characteristic forms of Chinese medicine 
treatment, has been widely used clinically. Clinical 
studies demonstrated that applying Rheum officinale 
Baill. to the Shenque acupoint significantly improved 
the fecal characteristics and increased the frequency 
of defecation within 24 hours in patients with chronic 
constipation (27). A meta-analysis revealed that acupoint 
application of Chinese herbal medicines not only relieves 
constipation symptoms, shortens defecation time, 
promotes spontaneous complete defecation, and reduces 
rates of recurrence but also enhances the quality of life 
for patients (28). The current study explored the potential 
mechanisms of acupoint application of Tongfu Powder 
in treating chronic constipation in the context of the 
intestinal barrier and microbiota.

	 In this study, loperamide-induced constipated mice 
were used to investigate the alleviation of constipation 
by acupoint application. After 21 days of loperamide, 
mice exhibited a decrease in body weight, food intake, 
fecal water content, and a longer colonic transit time. 
However, treatment with acupoint application or 
lactulose significantly improved the overall defecation 
of constipated mice, including an increase in the number 
of fecal pellets, fecal weight, and water content, a 
decrease in gastric residue, and a significant increase 
in the intestinal propulsion rate (Figures 1-2). Acupoint 
application or lactulose also alleviated loperamide-
induced colonic inflammation and histopathological 
deterioration such as cellular infiltration and thinning 
of the muscular and mucosal layers in constipated mice 
(Figure 3). Notably, the group treated with acupoint 
application and lactulose displayed the most obvious 
effect. These results suggest that acupoint application 
significantly restored gastrointestinal motility by 
increasing fecal moisture, promoting colonic transit, and 
alleviating colonic inflammation. Notably, the combined 
therapy of acupoint application and lactulose conferred 
additional advantages.
	 As pacemaker cells of the gastrointestinal tract, ICC 
can regulate gastrointestinal motility (29). A decrease in 
or damage to ICC in the gastrointestinal tract promotes 
the development and progression of constipation (30). 
c-kit is a specific marker of ICC. The combination of c-kit 
and its ligand SCF play an important role in maintaining 
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Figure 9. Prediction of the bacterial phenotypes of the intestinal microbiota in constipated mice as a result of acupoint application (n = 5-7). (A) 
Aerobic. (B) Anaerobic. (C) Contains Mobile Elements. (D) Forms Biofilms. (E) Gram-negative. (F) Gram-positive. (G) Potentially Pathogenic. (H) 
Stress Tolerant.
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the differentiation, development, and maintenance 
of ICC (25). Damage to ICC can be reduced by up-
regulating the levels of SCF and c-kit in colon tissue, 
thereby improving the contractility of colon tissue (31). 
The current results indicated that the levels of c-kit 
and SCF protein expression were up-regulated in the 
intestinal tissues of the acupoint application and lactulose 
treatment groups (Figure 3). Notably, the group treated 
with acupoint application and lactulose displayed the 
most obvious effect. Therefore, acupoint application 
might alleviate constipation by up-regulating the c-kit/
SCF signaling pathway to increase the number of ICC, 
thus enhancing gastrointestinal motility.
	 5 - H y d r o x y t r y p t a m i n e  ( 5 - H T )  i s  a  b r a i n 
neurotransmitter mostly secreted by enterochromaffin 
(EC) cel ls  (32 ) .  I t  i s  an  important  sensor  in 
gastrointestinal motility. The synthesis and release 
of 5-HT can enhance gastrointestinal peristalsis 
and alleviate constipation. 5-HTR4 as a receptor of 
5-HT, is expressed in the colonic mucosa, and when 
activated, promotes propulsive motility and attenuates 
visceral hypersensitivity (33). The current results 
indicated that 5-HT and 5-HTR4 were significantly 
stimulated especially by the combination of acupoint 
application and lactulose, which played an important 
role in the improvement of intestinal motility (Figure 
4). Tryptophan hydroxylase 1 (TPH-1) is a member of 
the amino acid hydroxylase family and a rate-limiting 
enzyme for the synthesis of 5-HT. TPH-1 is specific and 
is present in low levels in tissues, so it is usually used as 
a specific marker of 5-HT neurons and a differentiating 
feature of 5-HT neurons (34). As illustrated in Figure 
4, combined therapy with acupoint application and 
lactulose exhibited superior advantages, which can 
effectively promote the expression of TPH-1 and play 
an important role in the synthesis of 5-HT. Serotonin 
transporter (SERT) is a trans-membrane transporter with 
a high affinity for 5-HT, which re-uptakes excessive 5-HT 
to terminate its physiological effects and is involved 
in regulating gastrointestinal motility (35). The current 
results indicated that the abnormal increase in SERT 
expression in the model group may have caused a large 
amount of 5-HT transfer, resulting in poor intestinal 
motility. However, SERT expression may be inhibited 
after acupoint application or/and lactulose, and the 
accumulation of 5-HT near the intestine may have 
increased, thus alleviated the poor intestinal motility of 
constipated mice. On the whole, acupoint application 
restores the 5-HT signaling pathway by regulating the 
process of 5-HT synthesis, binding to receptors, and 
inactivation, thereby alleviating constipation symptoms. 
Therefore, the 5-HT signaling pathway may be an 
important target for acupoint application in the treatment 
of constipation.
	 The normal operation of the intestine relies not 
only on its peristalsis ability but also on the complete 
intestinal mucosal barriers. The barriers consist of the 

mucus barrier, epithelial barrier, and biological barrier 
(i.e., gut microbiota). Results suggested that the colonic 
mucosal barrier is closely related to intestinal microbiota. 
Acupoint application can alleviate functional constipation 
by promoting intestinal peristalsis, increasing mucus 
secretion, and regulating the abundance and composition 
of the intestinal microbiota.
	 The mucus barrier is a layer of mucus that covers 
the outside of intestinal cells, and its main component 
is mucin 2 (MUC2). The intestinal mucus layer is 
synthesized and secreted by goblet cells, which not only 
maintain intestinal homeostasis but also play a role in 
lubricating the intestine (36). When the intestinal mucus 
layer decreases, it can lead to a large number of harmful 
substances and bacteria invading the intestinal crypt 
and intestinal epithelium, causing various intestinal 
diseases. It can also make the surface of stool dry and 
difficult to discharge. In order to verify the effect of 
acupoint application on the mucus barrier, the level of 
colonic acidic mucus and mucin MUC2 was measured. 
As shown in Figure 5, the stained area of the colonic 
mucus layer and the level of MUC2 protein increased 
significantly after acupoint application or lactulose 
treatment compared to that in the model group. Notably, 
the group treated with acupoint application and lactulose 
displayed the most obvious effect. These results suggest 
that acupoint application greatly increased the quantity 
of acidic mucus on the surface of the colonic mucosa, 
thus alleviating the symptoms of dry stool in mice with 
constipation.
	 The complete and continuous epithelial barrier is also 
the basic intestinal mucosal barrier that protects the colon. 
Tight junctions are the core structure of the epithelial 
barrier, in which Occludin, Claudin, and other proteins 
together constitute the main body of tight junctions. The 
integrity of the tight junction structure is conducive to the 
closure of intercellular space and plays an important role 
in regulating cell permeability and preventing harmful 
substances from invading the intestinal cavity (37). The 
current results indicated that the tight junction barrier of 
the intestinal mucosa was significantly damaged in the 
model group with the decreased expression of Occludin 
and Claudin-1 (Figure 5). However, combined treatment 
with acupoint application and lactulose increased the 
expression of Occludin and Claudin-1 mRNA and protein 
in the colon tissue of constipated mice, repaired the tight 
junction, and restored the intestinal mucosal barrier. 
Acupoint application combined with lactulose is superior 
to monotherapy in promoting defecation function and 
reducing colonic tissue injury in constipated mice.
	 The intestinal microbiota is another important 
component of the intestinal mucosal barrier. Mounting 
evidence indicates that constipation is closely related to 
a disorder of the intestinal microbiota (38). As shown 
in Figure 6, Chao1, observed species, and the Shannon 
and Simpson indexes showed that acupoint application 
reversed the decrease in the number and abundance of 
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intestinal microbial communities in constipated mice. 
Therefore, the mechanism of acupoint application in the 
treatment of constipation is also inseparable from the 
regulation of the intestinal microbiota.
	 To further study the effect of acupoint application 
on the bacterial community at the phylum level, 
the differences in the composition of the bacterial 
community were analyzed. Short-chain fatty acids 
(SCFAs) are intestinal microbial metabolites that promote 
intestinal motility and relieve constipation (39). In the 
current study, Lachnospiraceae, Bifidobacteriaceae, and 
Prevotellaceae decreased significantly in the model group 
compared to the control group, and these are common 
bacteria that produce SCFAs. The difficulty in defecation 
in the model group may be related to the reduction in 
SCFA-producing bacteria. Fortunately, the abundance of 
these bacteria increased to varying degrees after acupoint 
application or lactulose (Figure 7). Moreover, the effect 
of acupoint application combined with lactulose is 
superior to either treatment alone.
	 Akkermansia muciniphila (Akk) is a mucin-degrading 
bacterium belonging to the phylum Verrucomicrobiota. 
It colonizes the mucous layer of the gastrointestinal tract 
and has the ability to degrade mucin. When Akk grows 
excessively, it may cause excessive degradation of the 
mucin layer in the intestine, leading to an increase in 
intestinal permeability and leakage. This can increase 
the likelihood of toxins, bacterial lipopolysaccharides, 

and even pathogenic bacteria entering the bloodstream 
and increasing the risk of intestinal diseases (40). In an 
experiment involving 16S sequencing of fecal samples 
from constipated mice, researchers found a correlation 
between proinflammatory metabolites and Akk (41). This 
may be related to the destruction of the mucus barrier 
due to excessive Akk degradation of mucus protein 
in the feces of constipated mice. In the current study, 
there was a significant increase in Akk in the intestinal 
microbiota of constipated mice but a significant decrease 
after acupoint application of Tongfu Powder and/or 
lactulose treatment (p < 0.01). This finding is consistent 
with the results of previous research (42,43), suggesting 
that acupoint application may alter the composition and 
metabolism of the intestinal microbiota by regulating the 
number of Akk, thus alleviating constipation symptoms. 
However, some studies have shown that Akk is a 
beneficial bacterium in the intestine that helps maintain 
intestinal homeostasis (44,45). This seems to contradict 
the current results. In order to solve this mystery, further 
research is needed to reveal the complex role of Akk 
in the intestine and its relationship to constipation 
and other diseases. In other words, Akk, as a unique 
mucus-degrading bacterium, plays an important role in 
intestinal health. It participates in maintaining intestinal 
homeostasis by degrading mucin, but it may also 
contribute to intestinal diseases under certain conditions. 
Therefore, the biological characteristics of Akk and its 
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Figure 10. Acupoint application of Tongfu Powder might alleviate loperamide-induced constipation by regulating the intestinal barrier 
and gut microbiota.
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mechanism of action in the intestine need to be studied 
further in order to provide new ideas and methods for 
preventing and treating intestinal diseases.
	 Apart from analyzing the composition of species 
in the intestinal microbiota, this study also predicted 
the function and bacterial phenotypes of the intestinal 
microbiota. As shown in Figure 8 and Figure 9, 
restriction enzymes, taurine and hypotaurine metabolism, 
primary and secondary bile acid biosynthesis, and 
limonene and pinene degradation are the main factors 
affecting the ecological imbalance of the intestinal 
microbiota. At the same time, acupoint application may 
play a role by stimulating mannan degradation, heme 
biosynthesis, CMP-legionaminate acid biosynthesis I, 
and L-glutamic acid degradation V signal pathways and 
inhibiting pyrimidine deoxynucleotide phosphorylation. 
In addition, the prediction of bacterial phenotypes 
revealed that the increase in aerobic bacteria, mobile 
genetic elements, biofilm-forming bacteria, Gram-
negative bacteria, and stress-tolerant bacteria and the 
decrease in anaerobic bacteria and Gram-positive bacteria 
are related to the development of constipation. A point 
worth noting is that mobile genetic elements and biofilm-
forming bacteria have been widely studied in many 
intestinal diseases due to their potential pathogenicity 
and their impact on the human immune system. The 
presence of these characteristics not only enhances the 
adaptability of bacteria to the external environment but 
also mediates their toxicity to the host, thus exacerbating 
constipation symptoms (46). However, the finding 
that acupoint application can reverse these abnormal 
bacterial phenotypes and restore them to normal levels is 
encouraging.

5. Conclusions

In summary, the current study demonstrated that 
acupoint application of Tongfu Powder acted to counter 
constipation as it effectively restored gastrointestinal 
motility by increasing fecal moisture, promoting colonic 
transit, and relieving colonic inflammation. The potential 
mechanisms of acupoint application might be related to 
the regulation of the intestinal barrier and gut microbiota. 
It significantly increased the number of ICC and 
enhanced intestinal 5-HT synthesis. Acupoint application 
of Tongfu Powder also promoted MUC2 secretion, 
increased the expression of tight junction proteins 
(Claudin-1 and Occludin), and improved the composition 
of the gut microbiota (Figure 10). In addition, the 
laxative effect of Tongfu Powder acupoint application 
was not inferior to that of lactulose, and the combination 
therapy produced a superior effect. Therefore, this study 
provides a reliable theoretical foundation for the clinical 
application of acupoint application, which may serve as a 
promising alternative therapy for constipation.
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1. Introduction

Tuberculosis (TB),  caused by Mycobacterium 
tuberculosis (MTB), is the leading global infectious 
disease in terms of morbidity and mortality (1,2). 
Early and precise diagnosis is crucial for controlling 
the TB epidemic (3). As the most common tool for TB 
diagnosis, sputum-smear microscopy suffered from 
considerable training demands, operator-dependent 
performance, inability to discriminate live from dead 
bacilli, and relatively low sensitivity (4,5). Culture-
based assays were the gold standard of TB diagnosis, 
but hampered by prolonged incubation, stringent lab 
requirements, limited sensitivity, and contamination risk 
leading to inconclusive outcomes (4,6,7). Xpert MTB/
RIF (Xpert), a polymerase chain reaction (PCR)-based 

test, improved TB detection yet it remained prohibitively 
expensive and displayed suboptimal sensitivity in 
paucibacillary samples, particularly in TB/HIV (human 
immunodeficiency virus) co-infected individuals and 
extrapulmonary samples (7-10). Therefore, developing 
a rapid, sensitive, specific and accurate method for 
diagnosing live MTB was essential for effective TB 
control.
	 Reportedly, a fluorescein-modified trehalose analog 
(FITC-Tre) achieved rapid and accurate detection of 
viable MTB in patient sputum by engaging in glycolipid 
biosynthesis and inserting into the bacterial cell wall (11-
13). As the predominant lipids in the mycomembrane 
of MTB, trehalose monomycolates and trehalose 
dimycolates were essential for cellular viability (13-
15). By antigen-85 (Ag85) complex catalysis, these 
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SUMMARY: Tuberculosis (TB) remains a significant global health issue. Early diagnosis is crucial, yet current 
diagnostic technologies are limited by suboptimal sensitivity. Thus, we developed a novel tuberculosis metabolic 
labeling probe (single cell metabolic labeling probe for tuberculosis, SCMLP-TB) and evaluated its diagnostic 
performance. In this retrospective study of 70 suspected TB patients, we calculated the sensitivity and specificity of 
SCMLP-TB and compared it with culture and Xpert MTB/RIF (Xpert) using the final clinical diagnosis as reference 
standard. Eligible participants were classified as confirmed TB (CT), clinically diagnosed TB (CDxT), or non-TB 
cases based on the diagnosis criteria for pulmonary tuberculosis (WS 288-2017). Of the 70 participants, 40 (57.0%) 
were diagnosed with TB, including 30 CT cases and 10 CDxT cases. The overall diagnostic sensitivity and specificity 
of SCMLP-TB were 97.5% and 96.7%, respectively. Notably, SCMLP-TB identified 10 CDxT cases missed by both 
culture and Xpert. The overall diagnostic sensitivity of culture and Xpert was 62.5% and 72.5%, respectively, while 
both showed a specificity of 100.0%, demonstrating that SCMLP-TB was more sensitive than culture and Xpert. 
Besides, the fluorescence intensity from TB patients was significantly higher than non-TB patients. The fluorescence 
intensity showed a significant negative correlation with the time to positivity (TTP) of culture, which suggested 
that SCMLP-TB could also serve as an indicator of bacterial loads in patients' samples. Consequently, SCMLP-TB 
demonstrated a promising tool for the sensitive and ultra-fast diagnosis of pulmonary TB suspects, particularly for 
paucibacillary pulmonary TB.
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glycolipids were secured within the cytoderm (16,17). 
However, the detection efficacy of conventional 
fluorophores like fluorescein isothiocyanate (FITC) was 
limited by photobleaching and aggregation-induced 
quenching at high concentrations or in aggregated states 
(11,18,19).
	 To solve this problem, we designed SCMLP-TB 
(single cell metabolic labeling probe for tuberculosis), 
a fluorescein-tagged trehalose analog that exhibited 
aggregation-induced emission, which served as 
an exogenous substrate to selectively aggregate at 
MTB cytoderm and enabled fluorescent labeling and 
visualization of viable bacteria (20-22).
	 In this study, we retrospectively evaluated the 
diagnostic accuracy of SCMLP-TB using sputum or 
bronchoalveolar lavage fluid (BALF) samples for 
pulmonary TB detection. Additionally, we preliminarily 
explored the correlation between fluorescence (FL) 
intensity and bacterial load evidenced by the time to 
positivity (TTP) of culture. This approach showed 
great potential for precise MTB diagnosis and real-time 
bacterial viability assessment.

2. Materials and Methods

2.1. Study design and participants

This was a single-centre, retrospective study conducted 
at Shenzhen Third People's Hospital, which was 
designated as the hospital responsible for the treatment 
of tuberculosis (TB) patients in Shenzhen and its 
surrounding areas. From May 2023 to October 2024, 
we collected data on suspected pulmonary TB patients 
who were admitted to Shenzhen Third People's Hospital. 
The study was approved by the Ethics Committee of 
Shenzhen Third People's Hospital (2024-195). This 
retrospective study was part of a prospective project, 
which was registered with the Chinese Clinical Trial 
Registry (ChiCTR, www.chictr.org.cn) under identifier 
ChiCTR2500098704.
	 A total of 70 suspected pulmonary TB patients 
from Inpatient Departments or Outpatient Clinics were 
enrolled in the study through the medical database within 
the hospital information system. Inclusion criteria were 
as follows: (i) inpatients or outpatients suspected to 
have pulmonary TB who were registered in the hospital 
information system and had accessible follow-up records 
and (ii) patients who underwent the SCMLP-TB (single 
cell metabolic labeling probe for tuberculosis) test using 
sputum or BALF samples. Eligible participants were 
selected based on the diagnosis criteria for pulmonary 
TB (WS 288-2017), with at least one of the following: 
symptoms consistent with TB, chest imaging compatible 
with TB, or a positive interferon-gamma release assay 
(IGRA). An experienced infectious-disease physician 
made this assessment. Exclusion criteria were as follows: 
(i) absence of a definite diagnosis after discharge 

or follow-up; (ii) extrapulmonary TB or severe co-
infection; (iii) empirical anti-TB therapy for ≥ 2 weeks 
before testing; (iv) age < 18 years, pregnancy, or 
psychiatric disorder. Diagnostic criteria: the attending 
physician made a final clinical diagnosis according to 
the Chinese diagnostic criteria for pulmonary TB (WS 
288-2017). Patients were classified into three groups: 
(1) confirmed TB (CT): a biological specimen was 
positive by any of smear microscopy, culture, Xpert 
MTB/RIF (Xpert), TB-DNA and metagenomic next-
generation sequencing (mNGS), with non-tuberculosis 
mycobacteria (NTM) excluded by NTM-DNA or mNGS, 
(2) clinically diagnosed TB (CDxT): when patients 
lacked microbiological evidence, but the attending 
physician strongly suspected TB after excluding other 
diseases by combining the patient's clinical signs, chest 
imaging findings and other laboratory tests, patients were 
diagnosed with anti-TB therapy (ATT) and confirmed to 
have well-responded to anti-TB treatment at months of 
follow-up, (3) non-TB: pneumonia, malignancy, chronic 
obstructive pulmonary disease, bronchiectasis or other 
aetiologies. Pulmonary TB cases comprised CT and 
CDxT cases.
	 Data were obtained from the medical database 
including patients' demographics (age, gender, smoke 
history, comorbidities and previous TB history), clinical 
symptoms (cough, fever, night sweats, loss of weight or 
haemoptysis), chest imaging findings, laboratory results 
(MTB culture, Xpert, acid-fast bacilli (AFB), TB-DNA 
and IGRA).

2.2. Detection procedures of SCMLP-TB

Sputum and BALF samples were collected for detection. 
Sputum samples, treated with NaOH-NALC (DZ0802, 
Leagene, Beijing, China) for 15-20 minutes, aimed to 
reduce viscosity, remove proteins and cellular material 
surrounding MTB, and eliminate other bacteria, while 
preserving MTB due to its dense cell wall. The samples 
were then filtered through a 40 µm filter (SCS402, 
Smtra, Hangzhou, China), centrifuged at 4,000 rpm 
for 15 minutes, and resuspended in 100 µL phosphate 
buffered saline (PBS; Sangon Biotech, Shanghai, China). 
Next, 100 µL of the sample was mixed with 40 µM 
SCMLP-TB and incubated at 37℃ for 2 hours to label 
MTB. BALF samples followed the same processing steps 
post-digestion, omitting the digestion stage (22). After 
labeling, samples were centrifuged at 12,000 rpm for 
5 minutes and re-suspended in PBS. The labeled MTB 
was visualized using confocal laser scanning microscopy 
(LSM 980, Carl Zeiss, Oberkochen, Germany), and the 
fluorescence (FL) intensities of SCMLP-TB anchored 
on MTB were measured at 488 nm using a multi-mode 
microplate reader (SH1MF-SN, Shenzhen Boxing 
Biotechnology Co., Ltd., Shenzhen, China) (22).

2.3. MTB culture

(148)
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analyzed using chi-square tests or Fisher's exact tests. To 
determine the fluorescence threshold for the SCMLP-TB 
assay, a receiver operating characteristic (ROC) curve 
was generated using the fluorescence intensity values 
from all 40 TB cases and 30 non-TB cases to determine 
the optimal diagnostic threshold. The optimal threshold 
was selected by balancing sensitivity and specificity, 
yielding a cutoff of 4,787 a.u. (Supplementary Figure 
S1, https://www.ddtjournal.com/supplementaldata/294). 
Sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) were reported with 
two-sided 95% confidence intervals (CI). Sensitivity and 
specificity comparisons were performed using Fisher's 
exact test. A p-value of less than 0.05 was considered to 
be statistically significant (*p < 0.05, **p < 0.01, ***p < 
0.001).

3. Results

3.1. Study participants population

Between May 31, 2023 and October 31, 2024, 73 
individuals were screened for tuberculosis (TB). The 
enrollment process was summarized in Figure 1. At 
enrollment, all participants were systematically screened 
for clinical symptoms and previous TB history. Of the 
73 individuals, 3 were excluded: 1 with extrapulmonary 
TB and 2 without definitive diagnosis. Therefore, 70 
individuals fulfilled the inclusion criteria and were 
recruited as study participants. Consequently, clinical and 
laboratory data were collected from these 70 screened 
participants at baseline (Table 1). Overall, the mean age 
of the study participants was 50.0 ± 16.3 years. Of the 70 
participants, 29 (41.4%) were female, 41 (58.6%) were 
male, and 13 (18.6%) had a smoke history. Among them, 

At Shenzhen Third People's Hospital, BALF and sputum 
samples were processed using the BACTEC MGIT 
960 system (Becton, Dickinson and Company, Franklin 
Lakes, NJ, USA) for MTB culture. All culture tubes were 
cultured in a 37°C incubator. The MGIT fluorescent 
automatic light reader was used for interpretation. All 
negative culture tubes continued to be cultured and 
read for 8 weeks. MGIT negative culture tubes should 
be discarded before observing the turbidity or small 
particles in the tube. All positive cultures detected were 
confirmed by acid-fast staining. Time to positivity (TTP): 
the interval until the first positive signal in culture (23).

2.4. Xpert MTB/RIF assay

The Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, 
USA) was performed according to the manufacturer's 
instructions. One millilitre of sputum or BALF was 
subjected to centrifugal precipitation, and the resulting 
pellet was transferred to a leak-proof container and 
combined with 2 mL of processing solution. The mixture 
was vortexed vigorously for 10-20 times, then incubated 
at room temperature for 15 minutes. Exactly 2 mL was 
withdrawn with a pipette and loaded into the sample 
port of the reaction cassette. The lid was sealed firmly 
to initiate the assay. Approximately 2 hours after assay 
initiation, results were interpreted (23).

2.5. Statistical analysis

Baseline data were presented as frequency (%), mean 
± SD, or median (IQR). Continuous variables were 
compared using independent t-tests for normally 
distributed data or Mann-Whitney U tests for non-
normally distributed data. Categorical variables were 

Figure 1. Flow diagram of participant enrollment. SCMLP-TB, single cell metabolic labeling probe for tuberculosis.

https://www.ddtjournal.com/supplementaldata/294
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the most frequent symptoms were cough in 57 (81.4%) 
and fever in 23 (32.9%), with other symptoms including 
night sweats in 11 (15.7%), loss of weight in 17 (24.3%), 
and hemoptysis in 10 (15.7%). Additionally, 9 (12.9%) 
of the participants had a previous history of TB prior 
to their enrollment in the study. Comorbidities were 
recorded, with HIV presenting in 13 participants (18.6%) 
and diabetes in 11 participants (15.7%). The mean 
hemoglobin level was 12.2 g/dL for the TB group and 
12.3 g/dL for the non-TB group. Chest imaging findings 
showed that 34 out of 38 (89.5%) had abnormalities 
suggestive of TB in the TB group, while 11 out of 29 
(37.9%) exhibited such indications in the non-TB group 
(Table 1).

3.2. Sensitivity and specificity analysis

We compiled detailed clinical and assay data for each 
participant in our study, categorizing them into confirmed 
TB (CT) cases, clinically diagnosed TB (CDxT) cases 
and non-TB cases according to the diagnosis criteria 
for pulmonary TB (WS 288-2017) (Figure 2A). CT and 
CDxT were categorized as TB cases. Since CDxT cases 
may introduce misclassification bias and overestimate 
sensitivity. To minimize this risk, final diagnoses were 
determined independently of SCMLP-TB results through 
expert adjudication. Exactly, 30 cases were CT and 10 
cases were CDxT. The other 30 cases were diagnosed to 
be non-TB cases after follow-up visits (Figure 2A). The 
Venn diagram displayed 40 participants with TB detected 
by each diagnostic tests (culture, Xpert MTB/RIF (Xpert), 
and SCMLP-TB) and the overlap between tests (Figure 
2B). The substantial overlap between SCMLP-TB and 

the other two methods indicated a strong concordance, 
thereby validating the reliability of SCMLP-TB alongside 
established diagnostic methods. Notably, the SCMLP-TB 
circle extended beyond the intersections, demonstrating 
its capacity to detect additional cases that were not 
identified by Xpert or culture alone. This suggested that 
SCMLP-TB may provide enhanced sensitivity in TB 
detection, complementing existing clinical tools (Figure 
2B). We conducted a quantitative analysis comparing 
SCMLP-TB fluorescence (FL) intensity tested by 
microplate reader in the TB and non-TB groups (Figure 
2C). 39 (97.5%) of 40 were above the detection threshold 
in TB group, while 1 (3.3%) of 30 in the non-TB group 
(Figure 2C). The median FL intensity of the TB group 
was 15,587 a.u., while that of the non-TB group was 
2,468 a.u.. The TB group showed significantly higher FL 
intensity (p < 0.001), demonstrating robust diagnostic 
evidence for TB. Besides, we assessed the correlation 
between SCMLP-TB FL intensity and bacillary load, as 
measured by time to positivity (TTP). The SCMLP-TB's 
enhanced FL intensity showed a significant negative 
correlation with the TTP of culture test (Pearson's r 
= -0.60, p = 0.005), indicating that SCMLP-TB's FL 
intensity could likely serve as a reliable indicator of 
bacillary load in samples (Figure 2D).
	 Indeed, SCMLP-TB surpassed culture and Xpert 
assay in diagnostic performance. SCMLP-TB's sensitivity 
was 97.5% (95% CI 85.3-99.9; 39 of 40 cases), 
significantly higher than culture's 62.5% (95% CI 45.8-
76.8; 25 of 40 cases) (p < 0.05). SCMLP-TB's specificity 
of 96.7% (95% CI 80.9-99.8; 29 of 30 cases) was close 
to culture's specificity of 100.0% (95% CI 82.8-100.0; 
24 of 24 cases). Notably, SCMLP-TB detected all 10 

Table 1. Baseline characteristics of the study participants

Demographics
Age, years
Sex
     Female
     Male
Smoke history
Clinical
     Symptom
          Cough
          Fever
          Night sweats
          Loss of weight
          Haemoptysis
Previous TB history
Comorbidities
     HIV
     Diabetes
Haemoglobin, g/dL
Positive chest imaging

Number of participants 
with results

70
70

70

70
70
70
70
70
70

70
70
70
68

Data were expressed as number (%) for categorical variables and as mean (SD) for continuous variables in case of normal distributions and 
median (IQR) otherwise. Positive chest imaging meant that the result of chest computed tomography was suggestive of tuberculosis. p-value: 
TB cases vs non-TB cases, *p < 0.05, **p < 0.01, ***p < 0.001. TB cases were comprised of CT and CDxT. CT, confirmed tuberculosis; CDxT, 
clinically diagnosed tuberculosis. TB, tuberculosis.

Overall
(n = 70)

50.0 ± 16.3

29 (41.4%)
41 (58.6%)
13 (18.6%)

57 (81.4%)
23 (32.9%)
11 (15.7%)
17 (24.3%)
10 (15.7%)
  9 (12.9%)

13 (18.6%)
11 (15.7%)
12.2 ± 2.5
45 (66.2%)

P-value

 0.039*

0.780

0.123

0.723
0.264
0.510
0.876
1.000
0.723

0.123
 0.011*

0.860
< 0.001***

TB
(n = 40)

46.5 ± 14.5

16 (40.0%)
24 (60.0%)
  5 (12.5%)

32 (80.0%)
11 (27.5%)
  5 (12.5%)
10 (25.0%)
  6 (15.0%))
  6 (15.0%)

  5 (12.5%)
10 (25.0%)
12.2 ± 2.5
34 (89.5%)

Non-TB
 (n = 30)

54.6 ± 17.7

13 (43.3%)
17 (56.7%)
  8 (26.7%)

25 (83.3%)
12 (40.0%)
  6 (20.0%)
  7 (23.3%)
  4 (16.7%)
  3 (10.0%)

  8 (26.7%)
  1 (3.3%)
12.3 ± 2.5
11 (37.9%)
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CDxT cases missed by both culture and Xpert (Figures 
2A and 2B and Table 2). This capability highlighted the 
potential of SCMLP-TB to serve as an ultra-sensitive 
diagnostic tool for paucibacillary pulmonary TB. While 
Xpert showed a specificity of 100% (95% CI 83.4-
100; 25 of 25 cases), its sensitivity was lower at 72.5% 
(95% CI 55.9-84.9; 29 of 40 cases). Statistical analysis 
revealed that SCMLP-TB was more sensitive than 
Xpert (p < 0.05). SCMLP-TB also exhibited the optimal 
positive predictive value (PPV) and negative predictive 
value (NPV) among the three diagnostic methods, with 
a PPV of 97.5% (95% CI 85.3-99.9; 39 of 40 cases) and 
an NPV of 96.7% (95% CI 80.9-99.8; 29 of 30 cases). 
Culture exhibited a PPV of 100.0% (95% CI 83.4-100.0; 

25 of 25 cases) and an NPV of 61.5% (95% CI 44.7-
76.2; 24 of 39 cases), while Xpert showed a PPV of 
100% (95% CI 85.4-100.0; 29 of 29 cases) and an NPV 
of 69.4% (95% CI 51.7-83.1; 24 of 35 cases), reflecting 
SCMLP-TB's superior diagnostic accuracy in reflecting 
the true TB disease status.

4. Discussion

In 2023, 10.8 million new TB cases and 1.25 million TB-
related deaths occurred globally (1). The persistently high 
global incidence and mortality rates of TB highlighted 
the urgent need for effective diagnostic and treatment 
strategies. In clinical practice, Xpert MTB/RIF (Xpert), 

Figure 2. SCMLP-TB's diagnostic performance in participants. (A) Clinical and assay data for adults classified with CT cases, CDxT cases and 
non-TB cases. TB cases were comprised of CT and CDxT cases. (B) Venn diagram of overlap in TB. The Venn diagram displayed 40 participants 
with TB detected by each diagnostic test and the overlap between tests. (C) SCMLP-TB signals of samples from TB and non-TB patients. Two-
sided p values between these two groups were obtained by the Mann-Whitney U tests. Dashed line denoted the threshold values ascertained by 
constructing ROC curve (Figure S1). (D) Correlation of FL intensity and the TTP of culture-positive samples (n=25). Data points represented 
individual patient values. Solid lines represented the linear regression line and shaded areas represented the 95% CIs. FL intensity was presented in a.u.. 
Pearson correlation was used to assess the statistical significance of the relationship between FL intensity and TTP. SCMLP-TB, single cell metabolic 
labeling probe for tuberculosis; TB, tuberculosis; CT, confirmed tuberculosis; CDxT, clinically diagnosed tuberculosis; ROC, receiver operating 
characteristic; FL, fluorescence; TTP, time to positivity; a.u., arbitrary units; Culture, MTB culture; Xpert, Xpert MTB/RIF; AFB, acid-fast bacilli; 
IGRA, interferon-gamma release assay; CIs, confidence intervals; *p < 0.05, **p < 0.01, ***p < 0.001.

Table 2. Diagnostic performance of culture, Xpert, and SCMLP-TB for tuberculosis compared to final clinical diagnosis

Culture

Xpert

SCMLP-TB

Sensitivity
(95% CI; n/N)

62.5%
(45.8-76.8; 25/40)

72.5%
(55.9-84.9; 29/40)

97.5%
(85.3-99.9; 39/40)

PPV, positive predictive value; NPV, negative predictive value. Xpert, Xpert MTB/RIF. SCMLP-TB, single cell metabolic labeling probe for 
tuberculosis.

Specificity
(95% CI; n/N)

100.0%
(82.8-100.0; 24/24)

100.0%
(83.4-100.0; 25/25)

96.7%
(80.9-99.8; 29/30)

PPV
(95% CI; n/N)

100.0%
(83.4-100.0; 25/25)

100.0%
(85.4-100.0; 29/29)

97.5%
(85.3-99.9; 39/40)

NPV
(95% CI; n/N)

61.5%
(44.7-76.2; 24/39)

69.4%
(51.7-83.1; 25/36)

96.7%
(80.9-99.8; 29/30)
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culture, AFB, and mNGS are used for TB diagnosis. 
These methods exhibited varying levels of sensitivity, 
with Xpert demonstrating high sensitivity (about 67-
89%), culture showing limited sensitivity (50-70%), 
AFB exhibiting lower sensitivity (30-70%), and mNGS 
providing moderate sensitivity (24-27). These methods 
were still limited by the requirement for a relatively 
high bacterial load. Fluorescence-based metabolic 
labeling techniques had great potential for diagnosis and 
therapeutic evaluation owing to their high sensitivity 
(28). However, the chemical interaction of Auramine O 
with MTB was constrained by incomplete dye binding, 
resulting in low accuracy of only about 80% (29). 
Quantitative PCR faced challenges in differentiating 
live from dead bacteria and was limited by accessibility 
and cost in resource-limited settings (4). Our study 
designed a metabolic labeling probe (SCMLP-TB) to 
engage in MTB cell wall synthesis via antigen-85 (Ag85), 
achieving rapid, sensitive and accurate tuberculosis 
diagnosis and demonstrated great promise for point-of-
care testing diagnostic applications (11).
	 This study retrospectively evaluated the diagnostic 
accuracy of SCMLP-TB for the rapid detection of 
pulmonary TB in a real-world setting for the first 
time. Our data demonstrated that SCMLP-TB was an 
effective diagnostic tool for detecting pulmonary TB 
in clinical settings with 97.5% sensitivity and 96.7% 
specificity, significantly superior to culture and Xpert. 
Remarkably, the diagnostic accuracy for patients with 
negative culture and Xpert tests was 100%, suggesting 
that SCMLP-TB had excellent performance in detecting 
samples with low bacterial loads, such as individuals co-
infected with HIV (24).
	 In this study, the sensitivities for culture and Xpert 
respectively were 62.5% and 72.5% compared to 
final clinical diagnosis by the diagnosis criteria for 
pulmonary tuberculosis (WS 288-2017), while both 
exhibited specificities of 100.0%. Indeed, our research 
data was essentially consistent with the reported 
results (24). Patients with subclinical TB were prone to 
being overlooked during screening due to the absence 
of obvious symptoms (30), which heightened the 
urgency to develop novel detection methods capable 
of identifying such patients. Previous data indicated 
that subclinical tuberculosis represented a median of 
50.4% of all TB cases, with approximately one-third 
of cases in China classified as subclinical (31,32). 
Employing a combination of chest imaging and SCMLP-
TB technology for asymptomatic screening is expected 
to enhance the detection rate of subclinical TB and is 
of great significance in controlling the spread of the 
disease. In addition, individuals co-infected with HIV 
are more susceptible to a variety of infections owing 
to their impaired immune systems, with TB being one 
of the most frequent opportunistic infections (33). A 
meta-analysis revealed that the sensitivity of Xpert 
was relatively inferior in patients with HIV-associated 

tuberculosis (24). In this study, among a total of 5 TB-
HIV co-infected participants, Xpert managed to correctly 
diagnose merely three cases; in contrast, the SCMLP-
TB test presented positive results for all five patients. 
Although this subgroup was too small to estimate assay 
performance, SCMLP-TB demonstrated a potential 
advantage in diagnosing TB co-infected with HIV.
	 While the current study illustrated the potential 
of SCMLP-TB in accurate TB diagnosis, it was a 
preliminary investigation with several limitations and 
thus future large-scale, multicenter prospective studies 
are warranted for further validation. Firstly, our study 
had an insufficient sample size and all the samples were 
from a single center. Secondly, the study failed to take 
children into account, thereby overlooking a substantial 
clinical necessity for enhanced TB diagnostic methods 
within pediatric populations. Thirdly, the sample size 
of immunosuppressed patients was limited, including 
only 13 individuals co-infected HIV infection and 11 
with diabetes. The scarcity of participants with these 
specific conditions made it difficult to draw definitive 
conclusions about the effectiveness of the test in these 
sub-populations. Despite the small sample size in these 
subgroups, SCMLP-TB managed to diagnose all TB 
patients co-infected with HIV.
	 In conclusion, we were the first to report the 
application of the SCMLP-TB test on sputum or 
BALF specimens and showed its excellent diagnostic 
accuracy for pulmonary TB, particularly in patients 
with paucibacillary TB. Via one-step labeling and 
centrifugation, SCMLP-TB realized simple and high-
throughput MTB detection by microplate reader, 
representing a clinically accessible and low-cost 
assay (~10 cents per test) for TB diagnosis. Future 
development will focus on an automated sample 
processing, fluorescence imaging, and AI-assisted 
analysis for efficient sample analysis.
	 Considering the current burden of TB and the 
shortcomings of existing diagnostic technologies, the 
implementation of the user-friendly SCMLP-TB was 
likely to enhance the diagnosis and treatment monitoring 
of TB infections that presented with a variety of 
symptoms and low bacterial loads.
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1. Introduction

Intrahepatic cholangiocarcinoma (ICC), originating from 
the secondary branches of the bile duct, stands as the 
second most prevalent malignant tumor of the biliary 
tract, accounting for 10%-15% of primary liver cancers 
(1). In recent years, a notable upsurge in the incidence of 
ICC has been observed globally (2). Surgical resection 
represents the sole therapeutic approach with the 
potential to cure ICC patients. Nevertheless, in China, 
merely 20% of patients present indications for radical 
resection at the time of initial diagnosis (3). Among 
patients undergoing radical resection, the median survival 
period is 27 months, and the 5-year survival rate stands 
at 31% (4). Conversely, patients undergoing systemic 
chemotherapy exhibit a median overall survival of less 
than 1 year, and in the absence of treatment, the median 
survival is less than 5 months (5,6).
	 For patients with locally advanced or metastatic 
ICC, there exists no unified standard treatment protocol. 

Historically, systemic treatment for advanced biliary tract 
cancer (BTC) was confined to chemotherapy. A phase III 
clinical study from the United Kingdom, namely ABC-
02, compared gemcitabine plus cisplatin with gemcitabine 
monotherapy in the treatment of locally advanced or 
metastatic BTC. Gemcitabine combined with cisplatin 
(GC) demonstrated a significant survival advantage 
and was established as the standard treatment regimen 
for BTC in first-line systemic therapy (5). Notably, a 
multicenter comparative study in Japan also verified 
the efficacy and safety of the GC treatment regimen 
in Japanese BTC patients, and it was adopted as the 
standard treatment regimen for BTC (7). Subsequently, 
in a randomized phase III study carried out in Japan to 
explore diverse first-line treatment options for BTC, the 
GC treatment regimen was compared with gemcitabine 
combined with tegafur-uracil (GS) chemotherapy. The 
median overall survival (OS) was 13.4 months and 15.1 
months (p = 0.046), respectively, and GS was adopted as 
the standard treatment for patients with advanced BTC 
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SUMMARY: The treatment strategies and outcomes for advanced intrahepatic cholangiocarcinoma (ICC) are 
restricted. The treatment modalities and effectiveness of local interventional chemotherapy and systemic chemotherapy 
remain indeterminate. The objective of this study is to explore and assess the influence of different chemotherapy 
methods on the prognosis of patients with advanced ICC. A retrospective investigation was carried out at two research 
centers. The recruited patients were divided into the systemic chemotherapy cohort and the local chemotherapy cohort 
(Transarterial Chemoembolization, TACE). The primary endpoint of this study was overall survival (OS), while the 
secondary endpoints encompassed progression free survival (PFS), response rate (RR), and adverse events (AE). From 
January 2014 to January 2024, a total of 124 patients were included. Systemic/local chemotherapy combined with 
targeted therapy exhibited superior survival performance compared to chemotherapy alone. Additionally, patients with 
lesions confined to the liver and large tumors (> 6 cm) obtained better survival benefits from systemic chemotherapy. 
There was no significant disparity in grade 3 or more severe adverse events between the two groups. Whether it is 
systemic chemotherapy or TACE, combining them with targeted therapy can confer significant therapeutic advantages 
to patients with advanced ICC. ICC patients with a higher tumor burden may attain better therapeutic outcomes by 
selecting systemic chemotherapy.

Keywords: intrahepatic cholangiocarcinoma, liver malignant tumor, transarterial chemoembolization, local 
chemotherapy, systemic chemotherapy, targeted therapy, immunotherapy
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(8). Moreover, a Japanese phase III study confirmed that 
the triple therapy of gemcitabine combined with cisplatin 
and teysuno (S-1) was superior to GC and was adopted 
as the standard treatment regimen for patients with 
advanced BTC (9). A post hoc analysis of a prospective, 
randomized clinical study on advanced biliary cancer 
named ABC-01, ABC-02, and ABC-03 revealed that 
patients with advanced ICC had better OS compared to 
other patients with extrahepatic biliary cancer (5,10,11). 
However, no large-scale prospective trials comparing 
local chemotherapy (TACE) with systemic chemotherapy 
have been conducted for patients with advanced ICC.
	 In recent  years ,  the rapid advancement  of 
immunotherapy and targeted therapy has substantially 
altered the overall scenario of BTC treatment. In a phase 
III study, namely TOPAZ-1, it was proven that durvalumab 
in combination with GC provided sustained and stable OS 
advantages. This treatment regimen marked the entry of 
systemic treatment for BTC into the immunotherapy era 
and was the first and sole global phase III clinical study 
to attain comprehensive survival benefits in terms of OS 
and progression-free survival (PFS) (12). In another global 
phase III study, KEYNOTE-966, it was revealed that, 
in comparison with GC monotherapy, pembrolizumab 
combined with GC significantly enhanced the OS of 
patients, and the difference was statistically significant. 
This discovery implies that this treatment regimen is 
anticipated to become a novel treatment alternative 
for previously untreated patients with metastatic or 
unresectable BTC (13).
	 In the present study, the objective was to compare 
the efficacy and survival advantages of patients with 
unresectable ICC who underwent local chemotherapy 
or systemic chemotherapy. The aim is to determine the 
optimal treatment regimen for patients with advanced 
ICC under various circumstances.

2. Materials and Methods

2.1. Study design and patients

A retrospective analysis was carried out on the prognosis 
of 124 patients with ICC who were diagnosed and TACE 
or systemic chemotherapy at the First Affiliated Hospital 
of Chongqing Medical University and the First Affiliated 
Hospital of Army Medical University from January 2014 
to January 2024. The study protocol was approved by 
the Clinical Research Ethics Committee of Chongqing 
Medical University (K2023-451-02) and followed 
the Declaration of Helsinki. Informed consents were 
obtained from all patients.
	 All patients were newly diagnosed ICC cases without 
any other concomitant tumors and had not received any 
prior anti - tumor treatment. Additionally, all patients 
were aged between 18 and 80 years and had an Eastern 
Cooperative Oncology Group (ECOG) performance 
status ranging from 0 to 2. Patients with a history of prior 

chemotherapy or radiotherapy were excluded. Those with 
severe pulmonary or cardiac diseases were also excluded. 
Pregnant or lactating women were excluded too. 
Baseline characteristic data of the research subjects were 
collected, including patients' survival status, age, gender, 
tumor location and size, lymph node invasion status, 
vascular invasion status, metastasis sites, alterations in 
serological indicators, follow-up imaging data, and the 
selection of different chemotherapy regimens (Table 1).

2.2. Procedures

Regarding the treatment options for patients with 
inoperable tumors in this study, each center made 
decisions through multidisciplinary consultation 
and deliberation. The treatment modalities included 
systemic chemotherapy or local chemotherapy. Systemic 
chemotherapy regimens primarily involved intravenous 
infusion of chemotherapy drugs (single or combined 
treatment based on gemcitabine, oxaliplatin, tegafur), 
combined with targeted therapy and immunotherapy. 
TACE entailed first injecting chemotherapy drugs and 
iodized oil, followed by using drug - eluting beads 
for embolization to maintain a high concentration of 
chemotherapy drugs in the tumor area until complete 
stasis of the tumor's blood supply vessels was attained. 
Subsequently, targeted therapy and immunotherapy were 
combined. The patients in this study were initially staged, 
and the evidence of extra-hepatic lesions was verified 
through enhanced CT and enhanced MRI imaging. Then, 
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Table 1. Baseline characteristics of the patients' clinical 
pathology

Characteristics

Gender
     Male
     Female
     Median age (range)
Treatment method
     Systemic treatment
     TACE
Tumor characteristics
     Median size (range)
     Multiple lesions
     Long-distance transfer
     Lymph node
     Vascular invasion
Clinical picture
     Abdominal pain
     Liver cirrhosis
     Jaundice
     Hepatitis B
     CA19-9
     AFP
Imaging
     CT
     MRI

Percentage (%)

  57.3
  42.7
 (35-80)

  71.0
  29.0

    2.3-15.4
  80.6
  47.6
  76.6
  71.8

  43.5
  53.2
  16.9
  35.5
  67.7
  11.3

100
100

n = 124

  71
  53
  58

  88
  36

       7.0
100
  59
  95
  89

  54
  66
  21
  44
  84
  14

124
124

Abbreviations: TACE: Transarterial Chemoembolization; CA19-9: 
Carbohydrate Antigen19-9; AFP: Alpha-Fetal Protein; CT: Computed 
Tomography; MRI: Magnetic Resonance Imaging.
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any treatment (n = 53) and those who solely received 
radiofrequency ablation treatment (n = 9), a total of 
124 patients were ultimately incorporated into the 
survival analysis (Figure 1). In Table 1, the median age 
of the included patients was 58 years (35-80 years). 
There were 71 males (57.3%) and 53 females (42.7%). 
The median size of the tumors detected via imaging 
was 7.0 cm (2.3-15.4 cm). According to the Eastern 
Cooperative Oncology Group Performance Status 
(ECOG), all patients had scores ranging from 0 to 2. The 
most prevalent clinical manifestations were as follows: 
abdominal pain was observed in 54 patients (43.5%); 
multiple tumor foci were present in 100 patients (80.6%); 
extrahepatic distant metastasis was detected in 59 
patients (47.6%); vascular invasion was identified in 89 
patients (71.8%); lymph node invasion was found in 95 
patients (76.6%); liver cirrhosis was diagnosed in 66 
patients (53.2%); and hepatitis B was confirmed in 44 
patients (35.5%).

3.2. Chemotherapy regimen

Among patients undergoing total body chemotherapy, 
45 patients were administered a first line chemotherapy 
regimen centered around gemcitabine. Specifically, 21 
patients (47%) received a combination of gemcitabine 
and cisplatin, 9 patients (20%) received a combination 
of gemcitabine and albumin-bound paclitaxel, 9 patients 
(20%) received a combination of gemcitabine and 
oxaliplatin, 5 patients (11%) received a combination 
of gemcitabine and tegafur-uracil, and 1 patient (2%) 
received gemcitabine monotherapy. In addition, 15 
patients were treated with a chemotherapy regimen 
based on oxaliplatin. Twelve patients were subjected 
to a systemic treatment regimen based on S-1, and 22 
patients received other systemic chemotherapy regimens 
(Table 2).

a biopsy was performed for pathological confirmation.

2.3. Follow-up

The median follow-up time was 11 months. After the 
treatment commenced, the changes in the lesions were 
monitored through imaging (enhanced CT and enhanced 
MRI) every 6-8 weeks. For patients with measurable target 
lesions, the tumor was evaluated in accordance with the 
Response Evaluation Criteria in Solid Tumors (RECIST) 
1.1. When the disease progressed, the treatment plan was 
adjusted according to specific circumstances.

2.4. Outcomes

In treatment modalities entailing the continuous 
administration of local chemotherapy or systemic 
chemotherapy, continuous surveillance of the patient's 
condition is conducted until the following scenarios 
transpire: progression of intrahepatic lesions, 
extrahepatic progression, severe treatment-associated 
toxicity and complications, successful conversion 
followed by surgical resection, or patient demise. The 
primary endpoint of this research is overall survival (OS), 
while the secondary endpoints are progress free survival 
(PFS) and adverse events (AEs). OS is delineated as the 
duration commencing from the date of diagnosis until 
death due to any cause. PFS is defined as the period from 
the date of diagnosis until tumor progression or death 
from any cause.

2.5. Statistical analysis

Survival analyses were carried out for patients in 
the local chemotherapy group and the systemic 
chemotherapy group according to different treatment 
regimens. SPSS version 26.0 was used for statistical 
analysis. Categorical data were expressed as numbers 
(%), and group comparisons were performed using x2 
test or the Fisher exact probability method. Normally 
distributed measurement data was evaluated using 
the Kolmogorov-Smirnov test. Normally distributed 
measurement data were presented as mean ± SD (x ± 
s) and analyzed using the t test for two independent 
samples. Non-normally distributed measurement data 
were presented as the median (Q1, Q3) and compared 
using the rank sum test. Survival curves were plotted via 
the Kaplan-Meier method, and the statistical disparities 
in survival outcomes were computed. The log-rank test 
was employed to assess the differences between survival 
curves. p < 0.05 was statistically significant.

3. Results

3.1. Baseline characteristics

Following the exclusion of patients who did not receive 
Figure 1. Grouping according to different chemotherapy 
modalities.
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	 We further classified the diverse chemotherapy 
regimens into subgroups for survival comparison. 
Through comparative analysis, it was found when 
comparing gemcitabine plus albumin paclitaxel 
chemotherapy regimen with TACE, the median survival 
time was 9 months (7-17 months) as opposed to 11 
months (2-66 months); p = 0.05. The survival advantage 
of TACE regimen was more prominent than that of 
gemcitabine plus albumin paclitaxel chemotherapy. 
Moreover, it was noted that the median overall survival 
(mOS) of the gemcitabine combined with cisplatin 
regimen was 12 months (2-48 months), indicating better 
survival outcomes compared to other regimens.

3.3. Therapeutic effect of all patients

The clinical characteristics of the 124 ICC patients who 
underwent systemic chemotherapy or local chemotherapy 
in this study are presented in Table 3. Among them, 88 
patients (71%) opted for systemic chemotherapy, whereas 
36 patients (29%) selected TACE. Regarding patients 
receiving systemic chemotherapy, 39 (44.3%) were 
intolerant to the combined targeted and immunotherapy 
and only received systemic chemotherapy with 
chemotherapeutic agents. Forty nine (55.7%) chose 
systemic chemotherapy combined with targeted and 
immunotherapy, and the treatment regimens were all 
determined based on the results of genetic testing.
	 In this study, 99 (79.8%) patients succumbed to ICC. 
The mOS of all patients in this study was 11 months (1-
66 months). The mOS and Median mPFS in the systemic 
chemotherapy group were 10 months (range, 2-53 
months) and 6 months (range, 2-49 months), respectively. 
The mOS and mPFS of the TACE group were 11 months 
(1-66 months) and 6 months (1-57 months), respectively.

3.4. Systemic/local chemotherapy combined with 
targeted therapy had better survival performance than 
chemotherapy alone

In the survival analysis comparing patients undergoing 
TACE combined with targeted therapy and those 
receiving chemotherapy alone (Figure 2a), the mOS 
was 19 months (7-66 months) for the former group 
and 6 months (2-15 months) for the latter group, p < 
0.05. Patients receiving TACE combined with targeted 
therapy exhibited superior survival performance. In the 
survival analysis comparing patients receiving TACE 
combined with targeted therapy and those undergoing 
systemic chemotherapy combined with targeted therapy 

Table 2. Whole-body chemotherapy regimen

Chemotherapy regimen

Gemcitabine-based
     GP
     AG
     GEMOX
     GS
     Gemcitabine
Oxaliplatin-based
     SOX
     XELOX
     GEMOX
S-1-based
     S-1
     SOX
     GS
Other systemic drugs

          n (%)

45 (100)
21 (47)
  9 (20)
  9 (20)
  5 (11)
  1 (2)
15 (100)
  3 (20)
  3 (20)
  9 (60)
12 (100)
  4 (33)
  3 (25)
  5 (42)
22 (100)

Abbreviations: GP: Gemcitabine combined with Cisplatin; AG: 
Gemcitabine combined with albumin paclitaxel; GEMOX: 
Gemcitabine combined with Oxaliplatin; GS: Gemcitabine combined 
with Tarceva; SOX: Oxaliplatin combined with tegafur-oguacitinib; 
XELOX: Oxaliplatin combined with Capecitabine; S-1: Tegafur; Other 
systemic drugs: irinotecan, capecitabine, calcium folinate, etc.

Table 3. Tumor characteristics and performance status score

Median tumor size (range)
Number of tumors
     single
     multiple
Lymph node metastasis
     No
     Local
     Multiple
Extrahepatic metastasis
Vascular involvement
CA19-9
Liver cirrhosis
Median treatment cycle
Combined targeted immunotherapy
ECOG
     0
     1
     2

TACE (n = 36)

  7.8 (2.8-15.0)

19 (52.8%)
17 (47.2%)

16 (44.4%)
  7 (19.4)
13 (36.1%)
22 (61.1%)
24 (66.7%)
16 (44.4%)
12 (33.3%)
  2 (1-5)
23 (63.9%)

22 (61.1%)
12 (33.3%)
  2 (5.6%)

Abbreviations: TACE: Transarterial Chemoembolization; CA19-9: Carbohydrate Antigen19-9; ECOG: Eastern Cooperative Oncology Group 
Performance Status Score.

Systemic treatment (n = 88)

  7.8 (2.8-15.0)

19 (52.8%)
17 (47.2%)

16 (44.4%)
  7 (19.4)
13 (36.1%)
22 (61.1%)
24 (66.7%)
16 (44.4%)
12 (33.3%)
  2 (1-5)
23 (63.9%)

22 (61.1%)
12 (33.3%)
  2 (5.6%)

p

   0.34
< 0.05

< 0.05

   0.03
   0.56
< 0.05
< 0.05
   0.19
   0.52
   0.11
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(Figure 2b), the mOS was 19 months (7-66 months) and 
16 months (4-53 months) respectively, p = 0.39. There 
was no significant difference in survival between the 
two groups. When a survival analysis was carried out 
for patients receiving only TACE and those receiving 
systemic chemotherapy combined with targeted therapy 
(Figure 2c), the mOS was 5 months (1-11 months) for 
the former group and 16 months (4-53 months) for the 
latter group, p < 0.05. The survival benefit of systemic 
chemotherapy combined with targeted therapy was 

significantly greater than that of receiving only TACE. In 
the survival analysis comparing patients receiving only 
TACE and those receiving only chemotherapy (Figure 
2d), the mOS was 5 months (1-11 months) and 6 months 
(2-15 months) respectively, p = 0.68. There was no 
significant difference in survival between the two groups. 
In the survival analysis comparing patients receiving 
only TACE and those receiving TACE combined with 
targeted therapy (Figure 2e), the mOS was 5 months 
(1-11 months) for the former group and 19 months (7 - 

Figure 2. Survival curves of the TACE and systemic chemotherapy subgroups. a: 1 is the TACE combined with targeted immunotherapy; 
2 is chemotherapy alone, p < 0.05;  b: 1 is systemic chemotherapy combined with targeted immunotherapy; 2 is TACE combined with targeted 
immunotherapy, p = 0.39; c: 1 is the sole TACE regimen; 2 is systemic chemotherapy combined with targeted immunotherapy, p < 0.05; d: 1 is the 
sole TACE regimen; 2 is chemotherapy alone, p = 0.68; e: 1 is the TACE combined with targeted immunotherapy; 2 is the sole TACE regimen, p < 0.05; 
f: 1 is systemic chemotherapy combined with targeted immunotherapy; 2 is chemotherapy alone, p < 0.05.
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66 months) for the latter group, p < 0.05. The survival 
benefit of TACE combined with targeted therapy was 
significantly greater than that of receiving only TACE. 
When a survival analysis was conducted for patients 
receiving only chemotherapy and those receiving 
chemotherapy combined with targeted therapy (Figure 
2f), the mOS was 6 months (2-15 months) for the former 
group and 16 months ( 4-53 months) for the latter group; 
p < 0.05. The survival benefit of patients receiving 
systemic chemotherapy combined with targeted therapy 
was significantly greater than that of patients receiving 
only chemotherapy.

3.5. Confined lesions in the liver and large tumor (> 
6 cm) have a better survival benefit from systemic 
chemotherapy

In the survival analysis incorporating liver and 
extrahepatic organ metastases of tumors, among patients 
undergoing systemic chemotherapy (Figure 3a), the 
mOS of patients with liver-only lesions was 11 months 
(4-35 months) compared with 8 months (2-48 months) 
for patients with other types of lesions. p < 0.05. Lesions 
restricted to the liver conferred a more favorable survival 
benefit compared to those in extrahepatic organs. When 
examining the tumor location in patients receiving TACE 
(Figure 3b), the mOS of patients with lesions restricted 
to the liver was 8 months (1-44 months), as opposed 
to 13 months (2-66 months); p = 0.75. Among patients 
receiving local chemotherapy, there was no significant 
disparity in survival benefit between those with lesions 
restricted to the liver and those with extrahepatic organ 
metastases.
	 Upon re-incorporating the maximum tumor diameter 
into the survival analysis, among patients who underwent 
systemic chemotherapy, with the maximum tumor 
diameter demarcated at 6 cm, it was discovered that 
patients with a maximum tumor diameter exceeding 
6 cm exhibited more favorable survival benefits 

compared to those with a maximum tumor diameter 
less than 6 cm (Figure 4). The mOS was 12 months (2-
53 months) as opposed to 8 months (2-18 months); p < 
0.05. Nevertheless, no survival disparities were detected 

Figure 3. Survival curve of tumor metastasis sites. a: For patients undergoing systemic chemotherapy; b: For patients receiving TACE 
treatment.

Figure 4. Survival curve of the maximum tumor diameter after 
systemic chemotherapy.

Table 4. Baseline characteristics of patients based on the 
maximum diameter of the tumor

Tumor diameter (cm)

Lymph
Extrahepatic
Vascular involvement
Number of lesions
     1
     ≥ 2
Targeted immunotherapy
Median treatment cycle
ECOG
     0
     1
     2

< 6 cm
(n = 26)

24 (92.3%)
  6 (23.1%)
19 (73.1%)

  2 (7.7%)
24 (92.3%)
14 (53.8%)
  4.0 (2.0-6.0)

  9 (34.6%)
  9 (34.6%)
  8 (30.7%)

Abbreviations: ECOG: Eastern Cooperative Oncology Group 
Performance Status Score.

> 6 cm
(n = 62)

51 (82.3%)
25 (40.3%)
46 (74.2%)

  3 (4.8%)
59 (95.2%)
35 (56.5%)
  3.0 (1.8-6.0)

31 (50.0%)
22 (35.4%)
  9 (14.5%)

p

0.38
0.19
1.00
0.98

1.00
0.69
0.18
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among patients with varying tumor diameters in the 
TACE group. Table 4 show cases the subsequent analysis 
of the tumor characteristics of patients who received 
systemic chemotherapy, with a maximum tumor diameter 
of 6 cm serving as the standard.

3.6. Treatment-related adverse events (TRAE)

An analysis of treatment-related adverse events (TRAE) 
was conducted on all patients who received treatment 
(Table 5). Among the 124 patients included in this 
study, 47 (37.9%) experienced treatment-related adverse 
events. Among these 47 patients, 38 (43.2%) had grade 
1-2 events, and 9 (10.2%) had grade 3 or above adverse 
events. The grade 3 adverse events primarily manifested 
as lymphocyte reduction in 6 (4.8%) patients, neutrophil 
reduction in 6 (4.8%) patients, and platelet reduction 
in 8 (6.5%) patients. This may be associated with the 
bone marrow suppression induced by chemotherapy 
drugs. There were 12 (9.7%) patients with immune-
related adverse events (irAEs), mainly presenting as 
immune-related pneumonia after treatment. In addition, 
the majority of patients (77, 62.1%) experienced weight 
loss after treatment, all of which were grade 1-2 adverse 
events. Among the patients who received TACE, the 
main manifestation was liver function impairment after 
embolization, all of which were grade 1-2 adverse 
events. Alanine aminotransferase increased in 14 (38.9%) 
patients; aspartate aminotransferase increased in 14 
(38.9%) patients. All the related adverse events were 
resolved after treatment discontinuation and symptomatic 
treatment.

4. Discussion

In the past three years, the core frontier of ICC research 
has centered on chemotherapy combined with targeted 
immunotherapy and stratified treatment based on tumor 
characteristics (e.g., tumor size, metastasis site, and the 
influence of physical condition on treatment selection) 
(14). By analyzing subgroups of patients undergoing 
systemic chemotherapy or TACE, it was found that 
both local chemotherapy combined with targeted 
immunotherapy and systemic chemotherapy combined 
with targeted immunotherapy resulted in more favorable 
long-term survival and PFS outcomes compared to 
patients who received only chemotherapy drugs or 
only TACE. This phenomenon might be ascribed to 
the support of targeted combined immunotherapy. As 
confirmed in the "TOPAZ-1" study, durvalumab plus 
GC had superior OS compared with placebo, with a 
mOS of 12.9 months (11.6-14.1 months) vs. 11.3 months 
(10.1-12.5 months) (p < 0.05). In the KEYNOTE-966 
study, pembrolizumab combined with GC had a better 
overall survival compared with placebo in patients 
with advanced biliary tract cancer, with a mOS of 12.7 
months (11.5-13.6 months) and 10.9 months (9.9-11.6 
months), respectively (p < 0.05) (12,13). In our study, 
patients who received systemic chemotherapy combined 
with targeted immunotherapy had a better survival than 
those who received chemotherapy alone, 16 months (4-53 
months) vs. 6 months (2-15 months) (p < 0.05). Systemic 
chemotherapy combined with targeted immunotherapy 
also has better survival performance.
	 Although there are currently no specific targeted 

Table 5. Analysis of treatment-related adverse events

Events n (%)

Lymphocytes
Neutrophils
PLT
Anemia
ALB
ALT
AST
TBIL
Hypertension
High blood sugar
Anorexia
Nausea
Diarrhea
Oral ulcer
URTI
Cough
Fatigue
Weight loss
Rash
Abdominal pain

Grade 1–2

  5 (13.9)
  6 (16.7)
  8 (22.2)
  4 (11.1)
  5 (13.9)
12 (33.3)
12 (33.3)
10 (27.8)
10 (27.8)
  9 (25.0)
  5 (13.9)
  6 (16.7)
  7 (19.4)
  7 (19.4)
  3 (8.3)
  4 (11.1)
  6 (16.7)
  8 (22.2)
  7 (19.4)
  8 (22.2)

Abbreviations: TACE: Transarterial Chemoembolization; PLT: platelet; ALB: albumin; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; TBIL: Total bilirubin; URTI: upper respiratory tract infection.

Grade 3 or higher

0 (0)
1 (2.8)
1 (2.8)
1 (2.8)
1 (2.8)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
1 (2.8)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

Grade 1–2

20 (22.7)
21 (23.9)
23 (26.1)
12 (13.6)
19 (21.6)
10 (11.4)
10 (11.4)
  9 (10.2)
14 (15.9)
12 (13.6)
17 (19.3)
10 (11.4)
11 (12.5)
  9 (10.2)
  8 (9.1)
  9 (10.2)
21 (23.9)
69 (78.4)
13 (14.8)
  6 (6.8)

Grade 3 or higher

5 (5.7)
5 (5.7)
7 (8.0)
2 (2.3)
3 (3.4)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
3 (3.4)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

TACE n = 36 Systemic n = 88
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drugs for ICC, up to 40% of patients with biliary system 
malignant tumors possess potential targetable genetic 
variations, amplifications, and fusions, including FGFR2 
fusion/rearrangement, IDH mutation, NTRK fusion, 
HER2 amplification/expression, BRAF mutation, RET 
fusion, etc. (14-17). Through genetic testing, some 
patients can derive benefits from targeted drugs via the 
discovery of variant genes. However, this study did 
not conduct in-depth gene analysis, which hindered 
us from determining the treatment options for patients 
with different molecular subtypes. Additionally, 
although immunotherapy provides limited long - term 
survival benefits for ICC patients, the combination of 
chemotherapy and targeted drug treatment can enhance 
OS.
	 Within the framework of systemic chemotherapy, 
patients with lesions restricted to the liver demonstrate 
higher treatment efficacy and longer survival durations 
in comparison to those with extrahepatic and lymph 
node metastases. This implies that early-stage patients 
can reap greater benefits from systemic chemotherapy 
and presents a potential for conversion therapy. In the 
process of clinical treatment decision-making, the scope 
of metastasis should be ascertained prior to commencing 
systemic chemotherapy. For patients with solely 
intrahepatic lesions, systemic chemotherapy can be given 
priority; for those with extrahepatic metastases, local 
control measures ought to be integrated.
	 Notably,  during the course of  whole-body 
chemotherapy, through the analysis of tumor sizes, it 
was observed that tumors with a diameter larger than 
6 cm exhibited a more favorable treatment response 
in comparison to smaller tumors. Regarding large-
diameter tumors that were responsive to chemotherapy, 
an earlier shrinkage effect might be more pronounced. 
However, in the survival analysis of local chemotherapy, 
no significant treatment disparities were detected, which 
warrants further investigation. In a subgroup analysis 
of a phase 3 study, "LEAP-012", of unresectable, 
nonmetastatic hepatocellular carcinoma, there was 
a trend toward better survival among patients with a 
larger tumor burden (number of tumors plus a maximum 
tumor diameter of more than 6cm) (18). For patients 
with a substantial tumor burden, liver dysfunction may 
ensue following the progression of TACE, leading to the 
forfeiture of the opportunity for subsequent treatment 
(19,20). For these patients, it may be more imperative 
to integrate systemic treatment in advance rather than 
awaiting the point at which TACE fails to yield benefits 
before commencing systemic treatment (21,22).
	 In the analysis of adverse events associated with 
tumor treatment, the primary adverse events in the TACE 
group were grade 1-2 liver function impairment, and 
there were no events above grade 3. The main adverse 
events in the systemic chemotherapy group were bone 
marrow suppression and weight loss. These conclusions 
can directly guide clinical pre-treatment. Before TACE, it 

is necessary to routinely safeguard liver function; before 
systemic chemotherapy, it is essential to prevent bone 
marrow suppression and enhance nutritional support, 
enabling patients to achieve the optimal therapeutic 
effect and a longer survival time (23-25).
	 Although there have been significant technological 
advancements and multimodal treatment approaches 
in clinical practice, the prognosis of ICC remains 
poor. Local combined with systemic treatment for 
patients with advanced ICC has gradually shown its 
effectiveness. Additionally, adjuvant and neoadjuvant 
chemotherapy, as well as multimodal treatment strategies 
based on molecular profiling for targeted therapy 
and immunotherapy, can be applied (26,27). These 
approaches can be discussed in surgical centers and 
multidisciplinary tumor committees (MDTs) to formulate 
the best treatment plan for ICC patients (28). Moreover, 
molecular analysis should be conducted for ICC, as 
approximately 25% of cases have genetic alterations 
that can be targeted for treatment, providing better 
evidence support for subsequent research and laying the 
foundation for subsequent "precision treatment" studies 
(29,30).
	 This study is a retrospective study with certain 
limitations, including selection bias. When conducting 
subgroup analysis for patients who received local 
chemotherapy, the sample size was relatively small. 
Moreover, not all patients underwent surgical staging, 
and there may be potential differences in staging among 
different treatment groups. However, to minimize this 
possibility, during the subsequent continuous treatment 
and follow-up of the patients, we used imaging 
monitoring to ensure the changes and authenticity of the 
patient's lesions. Despite these limitations, this study 
aims to find the best treatment plan for patients with 
advanced ICC who are not eligible for surgical resection.
	 In summary, the treatment methods for ICC are 
constantly being innovated. In this retrospective study, 
patients who received local chemotherapy, chemotherapy 
combined with targeted and immunotherapy, and those 
with lesions confined to the liver all exhibited better 
survival rates. Additionally, it was observed that when 
the tumor diameter was at the 6-cm boundary, systemic 
chemotherapy yielded better results in patients with 
tumors larger than 6 cm. The results of this study still 
need to be confirmed in more prospective studies.
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1. Introduction

Nursing and healthcare-associated pneumonia (NHCAP) 
represent a significant clinical challenge in Japan's super-
aged society (1). NHCAP frequently affects older patients 
with multiple comorbidities and impaired activities of 
daily living (2), with aspiration reported in approximately 
68.6% of cases (3). Although the 30-day mortality rate 
is approximately 11.9%, host factors including non-
ambulatory status, disturbance of consciousness, and 
hypoalbuminemia significantly worsen prognosis (3).
	 The oral-lung microbiome axis has emerged as 

a key factor in the pathogenesis of pneumonia. The 
oral cavity serves as the primary source of the lung 
microbiome through continuous microaspiration, even 
in healthy individuals (4). Furthermore, the enrichment 
of the lung microbiome with oral taxa is associated with 
Th17-type pulmonary inflammation, suggesting that 
aspirated oral bacteria actively modulate lung immune 
responses (5). Under pathological conditions, Noguchi 
et al. demonstrated through clone library analysis of 
bronchoalveolar lavage fluid (BALF) that oral anaerobes 
were frequently detected in patients with healthcare-
associated pneumonia (6). Similarly, 16S rRNA gene 
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SUMMARY: Nursing and healthcare-associated pneumonia (NHCAP) pose significant challenges in older 
populations, yet factors predicting antibiotic treatment failure remain elusive. This exploratory secondary analysis of a 
multicenter phase IV trial aimed to identify the clinical and microbiome predictors of treatment failure in patients with 
NHCAP treated with lascufloxacin. Among the 56 evaluable patients (median age 86 years; cured n = 44, not cured 
n = 12), paired sputum and tongue samples were analyzed using 16S ribosomal RNA gene clone library sequencing. 
Alpha diversity was assessed using the Shannon index, Simpson index, observed richness, and Pielou's evenness, 
whereas beta diversity was calculated using Bray-Curtis dissimilarity and visualized by principal coordinate analysis. 
Serum albumin was significantly lower in not cured patients (3.0 vs. 3.5 g/dL, p = 0.0497) and emerged as the strongest 
predictor of treatment failure in univariate logistic regression (odds ratio 0.18, 95% confidence interval 0.05–0.73, p 
= 0.016). Sputum Pielou's evenness showed a comparable predictive ability (odds ratio 0.010, p = 0.047). The overall 
microbiome community composition did not differ according to the outcome. Notably, patients with hypoalbuminemia 
(< 2.85 g/dL) exhibited significantly reduced sputum alpha diversity (Shannon p = 0.034, Simpson p = 0.025, Pielou's 
evenness p = 0.010). A simple risk stratification combining hypoalbuminemia and denture use identified a high-risk 
subgroup with markedly elevated treatment failure rates (75.0% vs. 12.5%, p = 0.001). These findings suggest an 
interconnected pathophysiology linking nutritional status and respiratory microbiome stability in patients with NHCAP. 
Nutritional status and oral health may be modifiable targets for improving treatment outcomes in high-risk patients.

Keywords: oral microbiome, aspiration pneumonia, hypoalbuminemia, alpha diversity, denture, aged
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analysis of BALF from Japanese patients with hospital-
acquired pneumonia revealed that oral streptococci 
were the most prevalent organisms (23.1%), followed 
by Corynebacterium spp. (11.6%), Haemophilus spp. 
(6.8%), S. aureus (6.8%), and P. aeruginosa (5.4%) (7).
	 Accumulating evidence supports the clinical 
significance of oral microbiome in regard to predicting 
pneumonia outcomes. A prospective cohort study 
of nursing home residents demonstrated that tongue 
microbiota dominated by Prevotella and Veillonella 
were significantly associated with increased pneumonia 
mortality, with an adjusted hazard ratio of 13.88 for 
pneumonia-related death (8). Consistent with this 
finding, a randomized controlled trial in Japanese-
assisted living facilities showed that professional oral 
care reduced pneumonia incidence, fever duration, and 
mortality (9). However, while these studies have focused 
on the oral environment, pneumonia development, and 
mortality, the relationship between the oral microbiome 
composition and response to antibiotic treatment remains 
elusive.
	 A recent multicenter phase IV trial reported an 
overall clinical efficacy rate of 78.6% for lascufloxacin 
in patients with NHCAP at test-of-cure (TOC) (10). The 
present study was a secondary analysis of a trial aimed 
at identifying microbiome signatures and clinical factors 
associated with treatment failure. We hypothesized 
that specific oral bacterial profiles, particularly those 
associated with poor oral hygiene and denture use, would 
be enriched in patients in whom antibiotic treatment 
fails. Our objectives were to: (1) characterize the clinical 
predictors of treatment failure; (2) identify the bacterial 
profiles associated with treatment outcomes; and (3) 
explore the relationship between the oral microbiome 
and treatment response.

2. Methods

2.1. Study design and data source

This was a secondary analysis of a multicenter, open-
label, phase IV clinical trial evaluating lascufloxacin 
for NHCAP (10). The original trial was conducted at 24 
sites in Japan between December 2020 and September 
2023. The primary trial enrolled patients with NHCAP, 
defined according to the Japanese Respiratory Society 
guidelines (1) who were treated with lascufloxacin 75 
mg once daily for 7-10 days. This study conformed to the 
principles of the Declaration of Helsinki (as revised in 
2013). The trial was approved by the Clinical Research 
Review Board in Nagasaki University (approval number: 
CRB20-023), and written informed consent was obtained 
from all participants or their legal representatives. This 
trial is registered with the Japan Registry of Clinical 
Trials (jRCTs071200066).

2.2. Participants

Of the 75 patients who provided written informed 
consent to participate in the original trial, 56 met the 
eligibility criteria and had evaluable outcomes at the 
TOC visit, comprising the full analysis set (FAS) for 
the secondary analysis. The primary outcome was the 
treatment response at TOC, classified as 'cured' (complete 
resolution of signs and symptoms) or 'not cured' 
(persistent or worsening of clinical status).

2.3. Clinical assessment

The baseline clinical data included demographics, 
laboratory parameters, oral health status (remaining teeth, 
denture use), and aspiration risk. Severity was assessed 
using the A-DROP (Age, Dehydration, Respiratory 
failure, Orientation disturbance, low blood Pressure) 
score (11).

2.4. Microbiome sample collection and processing

Paired sputum and tongue dorsum samples were 
collected at baseline (pretreatment). The sputum samples 
were collected via spontaneous expectoration. Tongue 
samples were collected by swabbing the dorsal surface 
of the tongue. The samples were then immediately stored 
at -80°C until DNA extraction.

2.5. 16S rRNA gene sequencing and clone library 
analysis

The bacterial flora were analyzed according to the 
clone library method using amplified fragments of the 
16S ribosomal RNA gene, as previously described by 
Noguchi et al. (6). Briefly, DNA was extracted from the 
specimens by vigorous shaking with sodium dodecyl 
sulfate (final concentration: 3.0%) and glass beads. 
The 16S rRNA gene was amplified by polymerase 
chain reaction (PCR) using universal primers. The PCR 
products were cloned using a TOPO TA cloning kit 
(Invitrogen), and colonies were randomly selected from 
each clone library for sequencing analysis. Sequences 
were compared with an in-house database containing 
the 16S rRNA gene sequences of the type strains 
using a basic local alignment search tool algorithm. 
This method demonstrated superior detection of oral 
bacteria, including streptococci and anaerobes, compared 
to conventional cultivation methods for healthcare-
associated pneumonia (6).

2.6. Statistical analysis

Continuous variables were compared using the Wilcoxon 
rank-sum test and categorical variables were compared 
using Fisher's exact test. Alpha diversity was assessed 
using four indices: the Shannon index (12), Simpson 
index (13), observed species richness, and Pielou's 
evenness index (14). Beta diversity was calculated using 
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using the R version 4.5.0 (R Foundation for Statistical 
Computing, Vienna, Austria).

3. Results

3.1. Patient characteristics

The FAS comprised 56 patients (cured: n = 44; not 
cured: n = 12). The baseline characteristics are presented 
in Table 1. The median age was 86 years (IQR: 79.5–89), 
and 58.9% were male. Denture use was common (67.9%), 
and the median number of remaining teeth was 10.5 (IQR: 
0–21.2). Most patients had moderate-severity pneumonia 
according to the A-DROP score. Two groups showed 
comparable age, body weight, C-reactive protein, and 
pneumonia severity, but serum albumin (cured: 3.5 g/dL 
[3.1–3.7] vs. not cured: 3.0 g/dL [2.4–3.5], p = 0.0497) 
was significantly different. Denture use tended to be 
higher in the not cured patients than in the cured patients 

Bray-Curtis dissimilarity (15), visualized by principal 
coordinate analysis (PCoA) (16), and statistically 
evaluated using permutational multivariate analysis of 
variance (PERMANOVA) with 999 permutations (17).
	 Given the exploratory nature and limited sample 
size of this secondary analysis, with only 12 events 
(not cured) for the minority outcome, the differential 
abundance of the individual bacterial species was 
assessed using the Fisher's exact test for detection rates 
and the Wilcoxon rank-sum test for relative abundance, 
with p-values reported without adjustment for multiple 
comparisons.
	 The clinical predictors of treatment failure were 
evaluated using univariate and multivariable logistic 
regression analyses. The odds ratios (OR) with 95% 
confidence intervals (CI) were calculated. The optimal 
albumin cut-off value was determined using the Youden 
index (18). Statistical significance was defined as a two-
sided p-value of < 0.05. All analyses were performed 

Table 1. Baseline characteristics of the study population

Characteristic

Demographics
     Sex, Male/Female
     Age (years)
     Body weight (kg)
     Underlying diseases, n (%)
NHCAP criteria, n (%)
     Resident in long-term care facility
     Hospitalization within 90 days
     Elderly requiring nursing care
     Continuous endovascular treatment
Risk factors for resistant bacteria, n (%)
     Any
     Antimicrobial use within 90 days
     Hospitalization within 90 days
     Nursing home/long-term care
     Enteral feeding
     A-DROP score
Risk for aspiration (SSA), n (%)
     Concerned
     Not concerned
Oral status
     Remaining teeth
     Denture use, Yes/No
Vital signs
     Body temperature (°C)
     Systolic blood pressure (mmHg)
     SpO₂ (%)
Laboratory data
     White blood cell count (×103/µL)
     Neutrophils (%)
     Lymphocytes (%)
     Hemoglobin (g/dL)
     Platelets (×10⁴/µL)
     CRP (mg/dL)
     Albumin (g/dL)
     Total protein (g/dL)

Values are presented as median (IQR), n (%), or n/n. The Fisher's exact test was used to analyze categorical variables. The Wilcoxon rank-sum 
test was used to analyze continuous variables. Abbreviations: IQR, interquartile range; NHCAP, nursing and healthcare-associated pneumonia; 
SSA, Standardized Swallowing Assessment; CRP, C-reactive protein.

Overall (N = 56)

  33/23
  86.0 (79.5–89.0)
  46.0 (40.5–49.2)
  41 (73.2)

  23 (41.1)
  19 (33.9)
  40 (71.4)
    5 (8.9)

  23 (41.1)
  15 (26.8)
  22 (39.3)
  10 (17.9)
    0 (0.0)
    2.0 (1.0–2.0)

  13 (23.2)
  43 (76.8)

  10.5 (0.0–21.2)
  38/18

  37.0 (36.6–37.8)
123.0 (109.2–143.5)
  96.0 (93.8–97.0)

    9.4 (7.4–13.0)
  80.2 (73.2–84.7)
  11.8 (8.6–15.4)
  11.6 (10.5–12.3)
  21.2 (16.8–24.9)
    4.5 (2.3–10.3)
    3.5 (3.0–3.7)
    6.8 (6.1–7.2)

p-value

0.322
0.936
0.881
1.000

0.522
0.516
1.000
0.574

0.743
0.715
1.000
0.196

–
0.778
1.000

0.402
0.079

0.873
0.952
0.984

0.353
0.826
0.562
0.242
0.062
0.161

  0.0497
0.718

Cured (n = 44)

  24/20
  86.0 (79.5–89.0)
  46.0 (40.4–49.8)
  32 (72.7)

  17 (38.6)
  14 (31.8)
  31 (70.5)
    5 (11.4)

  19 (43.2)
  11 (25.0)
  17 (38.6)
    6 (13.6)
    0 (0.0)
    2.0 (1.0–2.0)

  10 (22.7)
  34 (77.3)

  14.0 (0.0–22.5)
  27/17

  37.0 (36.6–37.7)
123.0 (106.8–145.2)
  96.0 (93.0–97.2)

  10.3 (7.0–13.5)
  80.2 (72.3–85.7)
  11.4 (8.3–16.1)
  11.6 (10.5–12.4)
  20.2 (16.5–24.6)
    3.9 (2.3–9.8)
    3.5 (3.1–3.7)
    6.8 (6.1–7.2)

Not Cured (n = 12)

    9/3
  85.0 (81.0–89.2)
  45.8 (40.5–47.9)
    9 (75.0)

    6 (50.0)
    5 (41.7)
    9 (75.0)
    0 (0.0)

    4 (33.3)
    4 (33.3)
    5 (41.7)
    4 (33.3)
    0 (0.0)
    1.5 (1.0–2.0)

    3 (25.0)
    9 (75.0)

    3.5 (0.8–16.8)
  11/1

  37.0 (36.7–37.8)
123.0 (113.8–141.5)
  96.0 (94.8–96.2)

    8.1 (7.6–9.2)
  80.6 (78.7–82.3)
  12.2 (10.8–13.7)
  10.6 (10.4–11.8)
  23.4 (21.1–26.7)
    7.5 (3.9–11.8)
    3.0 (2.4–3.5)
    6.6 (6.3–7.2)
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(91.7% vs. 61.4%, p = 0.079).

3.2. Alpha diversity in microbiome and treatment 
outcome

The overall alpha diversity of the sputum and tongue 
microbiomes did not differ significantly between the two 
groups. For sputum samples, Pielou's evenness showed 
a trend toward lower values in not cured patients (p = 
0.086), whereas other indices showed no significant 
associations (Shannon p = 0.348, Simpson p = 0.213, 
observed richness p = 0.787; Figure 1A). For the tongue 
samples, no indices showed any significant differences 
between the two groups (Shannon p = 0.686, Simpson p 
= 0.745, observed richness p = 0.575, Pielou's evenness 
p = 0.836; Figure 1B).

3.3. Correlation between sputum and tongue alpha 
diversity

The correlation between sputum and tongue diversity 
indices was found to be moderate to strong (Figure 2). 
Shannon index showed significant correlation (ρ = 0.420, 
p = 0.002), as did Simpson index (ρ = 0.339, p = 0.012) 

and observed richness (ρ = 0.450, p < 0.001). Pielou's 
evenness showed a weaker, non-significant correlation (ρ 
= 0.250, p = 0.069).

3.4. Beta diversity

Hierarchical clustering heat maps of the bacterial species 
demonstrated substantial inter-individual variation 
without clear clustering by outcome (Figure 3A). 
Beta diversity analysis by PCoA and PERMANOVA 
showed no significant differences in the community 
composition between the outcome groups for sputum (R² 
= 0.0127, p = 0.863) or tongue samples (R² = 0.0147, p 
= 0.700) (Figure 3B). Paired analysis of sputum versus 
tongue samples revealed significant differences in the 
community composition between the sample types 
(PERMANOVA R² = 0.036, p = 0.001; Figure 3C).

3.5. Exploratory analysis of individual bacterial species

In the exploratory differential abundance analysis, three 
sputum bacterial species showed significantly different 
detection rates between the outcome groups (Fisher's 
exact test, p < 0.05, uncorrected; Table 2): Veillonella 

Figure 1. Alpha diversity of sputum and tongue microbiomes by treatment outcome. (A) Sputum microbiome alpha diversity indices 
comparing the cured (n = 44) and not cured (n = 12) patients. Shannon index (p = 0.348), Simpson index (p = 0.213), observed species richness (p 
= 0.787), and Pielou's evenness (p = 0.086) showed no significant differences, although evenness showed a trend toward lower values in not cured 
patients. (B) Tongue microbiome alpha diversity indices comparing cured and not cured patients. No significant differences were observed for 
Shannon index (p = 0.686), Simpson index (p = 0.745), observed richness (p = 0.575), or Pielou's evenness (p = 0.836). Box plots display median 
with interquartile range; whiskers extend to 1.5× IQR. P-values were calculated using Wilcoxon rank-sum test.
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rodentium (cured 0% vs. not cured 16.7%, p = 0.043), 
Lautropia mirabilis (0% vs. 16.7%, p = 0.043), and 
Campylobacter showae (0% vs. 16.7%, p = 0.043). All 
three species were detected exclusively in not cured 
patients and were absent in cured patients. However, 
these species were detected in only two of the 12 not 
cured patients (16.7%). Actinomyces viscosus showed 
a similar trend (4.5% vs. 25%, p = 0.060). In tongue 
samples, Actinomyces graevenitzii was significantly 
more frequent in not cured patients (18.2% vs. 58.3%, 

p = 0.010), and Corynebacterium matruchotii was 
exclusively detected in not cured patients (0% vs. 16.7%, 
p = 0.043).

3.6. Clinical predictors of treatment outcome

Receiver operating characteristic (ROC) analysis 
revealed that serum albumin level had a moderate 
predictive ability for treatment failure (area under 
the curve [AUC] = 0.687; Figure 4A). Youden index 

Figure 2. Correlation between sputum and tongue microbiome alpha diversity. Scatter plots showing paired correlations between the sputum 
(x-axis) and tongue (y-axis) alpha diversity indices for 56 patients. Shannon index (ρ = 0.420, p = 0.002), Simpson index (ρ = 0.339, p = 0.012), 
and observed species richness (ρ = 0.450, p < 0.001) showed significant positive correlations. Pielou's evenness showed a weaker, non-significant 
correlation (ρ = 0.250, p = 0.069). Spearman's rank correlation coefficients (ρ) and p-values are displayed for each comparison.

Figure 3. Beta diversity analysis of sputum and tongue microbiome. (A) Hierarchical clustering heatmaps of the bacterial species composition in 
the sputum (left) and tongue (right) samples. Color intensity represents square-root transformed relative abundance (%). Clinical annotations include 
treatment outcome (Cured/Not Cured), serum albumin status (≥ 2.85 or < 2.85 g/dL), and denture use. Bacterial species detected in fewer than 10% 
of patients (≤ 5 patients) were excluded from the heatmap visualization. (B) Principal coordinates analysis (PCoA) based on Bray-Curtis dissimilarity 
for the sputum (left) and tongue (right) samples, with points colored by treatment outcome. No significant differences in community composition 
were observed between outcome groups for sputum (R² = 0.0127, p = 0.863) or tongue samples (R² = 0.0147, p = 0.700). (C) Paired PCoA 
comparing sputum and tongue samples from the same patients. Lines connect paired samples from the same individual. Community composition was 
significantly different between sample types (PERMANOVA R² = 0.036, p = 0.001).
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optimization identified 2.85 g/dL as an optimal cutoff 
(Figure 4B).

3.7. Clinical-microbiome correlations

In the sputum samples, patients with low albumin (< 
2.85 g/dL) showed significantly lower alpha diversity 
compared to those with higher albumin (Figure 5A): 
Shannon index (p = 0.034), Simpson index (p = 0.025), 
and Pielou's evenness (p = 0.010). In contrast, denture 
use was not significantly associated with any sputum 
alpha diversity measure (Figure 5B). Tongue microbiome 
diversity did not differ significantly according to the 
albumin status (Figure 5C) or denture use (Figure 5D).

3.8. Logistic regression for treatment failure

In univariate logistic regression (Table 3), serum albumin 
was significantly associated with treatment failure (OR 
= 0.18, 95% CI: 0.05–0.73, p = 0.016), as was Pielou's 
evenness index in sputum (OR = 0.010, 95% CI: < 
0.01–0.95, p = 0.047). Denture use showed a trend to be 
associated with treatment failure (OR = 6.93, 95% CI: 
0.82–58.58, p = 0.076).
	 Given that our study included only 12 not cured cases 
(the minority outcome), we included two explanatory 
variables in the multivariable model (events per 
variable [EPV] = 6), which is supported by Vittinghoff 
and McCulloch, who demonstrated that problems are 
uncommon with 5–9 EPV in their simulation study 
(19). In a two-variable model including both predictors, 
neither achieved statistical significance (albumin: OR = 
0.26, 95% CI: 0.06–1.13, p = 0.072; Pielou: OR = 0.050, 
95% CI: < 0.01–7.68, p = 0.246).

3.9. Risk stratification

The patients were stratified into two risk groups based 
on a combination of albumin < 2.85 g/dL and denture 
use (Figure 6). Patients with both risk factors (High Risk 
group, n = 8) showed a markedly elevated treatment 
failure rate (75.0%, 6/8) when compared to Others 
(12.5%, 6/48; Fisher's exact test, p = 0.001).

4. Discussion

In this  exploratory secondary analysis  of  the 
lascufloxacin phase IV trial, we identified serum 
albumin level as the strongest predictor of treatment 
failure in patients with NHCAP. Sputum microbiome 
evenness also showed predictive potential, whereas the 
overall microbiome community composition did not 
differ between outcome groups. Notably, patients with 
low albumin levels had significantly reduced sputum 
diversity. A simple risk stratification, combining low 
albumin levels and denture use, identified a high-risk 
subgroup with markedly elevated failure rates.
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	 Serum albumin level emerged as the most robust 
predictor of treatment failure in univariate analysis. This 
finding is consistent with a previous large-scale study on 
community-acquired pneumonia that demonstrated that 
serum albumin levels at admission were independently 
associated with ICU admission and 30-day mortality 
(20). Similarly, hypoalbuminemia has been consistently 
associated with poor prognosis in patients with NHCAP 
in Japan (3).
	 Sputum Pielou's evenness, a measure of how evenly 
species are distributed within a community, showed 
predictive potential comparable to that of albumin, 
with lower evenness associated with treatment failure. 
This finding suggests that disruption of the microbiome 
balance, characterized by the dominance of a few taxa 
over others, may be more relevant to treatment outcomes 
than overall species richness. Indeed, different alpha 
diversity metrics capture distinct aspects of community 
structure, and evenness indices may reveal dysbiotic 
states that are not detected by richness alone (21).
	 The relationship between albumin and alpha diversity 
suggests a shared underlying pathophysiology of 
NHCAP. Patients with low albumin (< 2.85 g/dL) showed 
significantly reduced sputum alpha diversity across 
multiple indices (Shannon p = 0.034, Simpson p = 0.025, 
Pielou's evenness p = 0.010). Several causal relationships 
may explain this association: (1) malnutrition may impair 
immune function and mucosal integrity, promoting oral 
dysbiosis that extends to the lower respiratory tract; (2) 
reduced oral microbiome diversity may reflect impaired 
oral function, affecting nutrient intake; (3) a common 
upstream factor, such as frailty or systemic inflammation, 
may affect both; and (4) bidirectional effects may create 

a vicious cycle of malnutrition, dysbiosis, and impaired 
host defense. This study precludes the determination of 
a causal direction, but the observed association suggests 
that nutritional status may be a key determinant of 
respiratory microbiome stability in aged patients with 
pneumonia.
	 Bacterial species showing exploratory enrichment 
in patients with treatment failure share the biological 
characteristics relevant to oral dysbiosis. In sputum, 
Veillonella rodentium , Lautropia mirabilis, and 
Campylobacter showae were exclusively detected 
in not cured patients. Veillonella species were highly 
abundant in both supra- and sub-gingival biofilms (22). 
Lautropia mirabilis is a Gram-negative motile coccus 
originally isolated from the gingival margin and dental 
plaque of humans; its capacity for polysaccharide 
production suggests its possible participation in dental 
plaque formation (23). Campylobacter showae has also 
been isolated from periodontitis sites (24). However, 
the detection rate of these bacteria was found to be only 
16.7% (2 of 12 not cured patients), severely limiting 
the reliability of these associations. These findings 
should therefore be regarded as preliminary exploratory 
observations, and the potential link between these 
specific bacterial species and treatment failure requires 
validation in larger and adequately powered studies.
	 Denture use showed a trend to be associated with 
treatment failure (91.7% vs. 61.4%, p = 0.079). Denture 
biofilms harbor complex microbial communities that may 
increase the aspiration risk (25), and poor oral hygiene 
in the aged population is associated with respiratory 
pathogen colonization (26). Interestingly, denture use 
was not significantly associated with sputum microbiome 

Figure 4. Serum albumin as a predictor of treatment failure. (A) Receiver operating characteristic (ROC) curve for serum albumin predicting 
treatment failure. Area under the curve (AUC) = 0.687. (B) Histogram showing the distribution of the baseline serum albumin levels in the study 
population. The vertical dashed line indicates the optimal cutoff (2.85 g/dL) determined by Youden index.
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Figure 5. Alpha diversity of sputum and tongue microbiome stratified by albumin status and denture use. (A) Sputum microbiome alpha 
diversity by albumin status. Patients with low albumin (< 2.85 g/dL) showed significantly lower Shannon index (p = 0.034), Simpson index (p = 
0.025), and Pielou's evenness (p = 0.010) compared to those with albumin ≥ 2.85 g/dL. (B) Sputum microbiome alpha diversity by denture use. No 
significant associations were observed. (C) Tongue microbiome alpha diversity by albumin status. No significant differences were detected. (D) 
Tongue microbiome alpha diversity by denture use. No significant associations were observed. P-values were calculated using Wilcoxon rank-sum 
test.
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diversity, suggesting that the effect of dentures may 
operate through mechanisms other than community 
composition, such as increased bacterial load or impaired 
mucociliary clearance. The combination of denture use 
and low albumin levels, reflecting both increased bacterial 
exposure and impaired host defense, created a high-risk 
phenotype with a significantly elevated treatment failure 
rate (75.0% vs. 12.5%, p = 0.001), providing a simple 
and clinically applicable risk stratification tool.
	 This study has several limitations that warrant 
consideration. First, this was a secondary analysis of a 
single-arm trial without a control group, which limited 
the causal inference. Second, the sample size was 
modest (n = 56, with only 12 events for the minority 
outcome), limiting the statistical power for multivariable 
analysis; the multivariable logistic regression model 
with two variables was highly unstable, and when both 
albumin and Pielou's evenness were included in the 

model, neither reached significance (p = 0.072 and 
p = 0.246, respectively). This loss of significance in 
the multivariable model, despite significance in the 
univariate analyses, reflects insufficient statistical power 
to determine whether the two factors act independently 
or are interrelated. The findings from this study should 
be regarded as hypothesis-generating rather than 
confirmatory. Third, the sputum may not accurately 
represent the microbiome of the lower respiratory tract. 
Fourth, the 16S rRNA gene clone library method used 
in this study has an inherently low throughput, with 
approximately 100 clones sequenced per sample. This 
technique can detect the most dominant bacterial species 
but may overlook low-abundance bacteria that could 
have important biological functions. Consequently, 
the microbiome profiles described here represent only 
the most prevalent taxa and the true diversity of the 
respiratory and oral microbiomes may be underestimated. 
Fifth, the cross-sectional design precluded the 
determination of the causal direction between albumin 
and microbiome diversity.
	 In conclusion, the serum albumin level was the 
strongest predictor of NHCAP treatment failure, with 
sputum microbiome evenness showing comparable 
predictive ability. This suggests an interconnected 
pathophysiology linking the nutritional status and 
respiratory microbiome stability. A simple risk 
stratification combining low albumin (< 2.85 g/dL) and 
denture use identified patients at markedly elevated risk. 
These findings suggest that nutritional optimization and 
oral health interventions may improve the outcomes of 
patients with high-risk of NHCAP. Larger longitudinal 
prospective studies are needed to validate these findings 
and clarify causal relationships.
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Table 3. Logistic regression analysis for treatment failure

Variable

Serum albumin, g/dL
Pielou's evenness (sputum)
Denture use
Simpson index (sputum)
Shannon index (sputum)
Sex, male
CRP, mg/dL

Abbreviations: OR, odds ratio; CI, confidence interval; CRP, C-reactive protein. Adjusted model includes serum albumin and Pielou's evenness.

OR

0.18
  0.010
6.93
0.11
0.54
2.50
1.05

95% CI

   0.05–0.73
< 0.01–0.95

     0.82–58.58
   0.01–2.10
   0.21–1.37

     0.60–10.50
   0.95–1.16

P

0.016
0.047
0.076
0.141
0.192
0.211
0.346

OR

0.26
  0.050

95% CI

   0.06–1.13
< 0.01–7.68

P

0.072
0.246

Unadjusted Adjusted

Figure 6. Treatment failure rates by risk stratification. Patients 
with both risk factors (albumin < 2.85 g/dL and denture use; High 
Risk group, n = 8) showed significantly higher treatment failure rate 
(75.0%, 6/8) when compared to Others (12.5%, 6/48; Fisher's exact 
test p = 0.001).
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SUMMARY: Janus kinase (JAK) and interleukin-6 (IL-6) inhibitors are therapeutic options for patients with rheumatoid 
arthritis (RA) with inadequate response to conventional synthetic disease-modifying antirheumatic drugs (csDMARDs); 
however, no randomized controlled trial has compared their efficacy and safety. Since both act through the JAK–signal 
transducer and activator of transcription pathway, a comparative evaluation is warranted. We conducted a prospective, 
randomized, open-label trial at 55 centers in Japan, randomizing patients with active RA despite csDMARD therapy in a 1:1 
ratio to receive 200 mg/day filgotinib or subcutaneous tocilizumab as monotherapy; the primary endpoint was American 
College of Rheumatology (ACR) 50 at week 12, and secondary endpoints included clinical disease activity indices, 
musculoskeletal ultrasonography scores, patient-reported outcomes, and serum biomarkers through 52 weeks. Twenty-
six patients were enrolled (13 per group) before study termination due to insufficient recruitment, and descriptive analyses 
were performed. At week 12, ACR50 was achieved in 38.5% (5/13) patients in the filgotinib group and 46.2% (6/13) in 
the tocilizumab group (risk difference: −7.69%; 95% confidence interval: −42.26 to 28.8). Both groups showed early 
and sustained improvements in disease activity from week 2. The improvement in patient global assessment scores was 
greater with filgotinib at week 2 but the difference diminished thereafter, and serum IL-6 level decreased with filgotinib 
but increased with tocilizumab. Four serious adverse events occurred with filgotinib, including infections and cardiac 
events. Because this study was underpowered and the analysis was descriptive, larger studies are needed to confirm these 
findings and define optimal use. (The study was registered in the Japan Registry of Clinical Trials (https://jrct.niph.go.jp) 
as jRCTs071200107 and in ClinicalTrials.gov as NCT05090410.)

Keywords: rheumatoid arthritis, filgotinib, JAK inhibitor, tocilizumab, musculoskeletal ultrasound, biomarker
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1. Introduction

Rheumatoid arthritis (RA) is a chronic systemic 
inflammatory disease affecting the synovial joints (1). 
Uncontrolled disease activity in RA may lead to joint 
destruction and deformities, impairing the quality of 
life. Therefore, controlling the disease activity using 
a treat-to-target strategy is required to prevent joint 
destruction (2).
	 The standard initial treatment in patients with 
active RA is conventional synthetic disease-modifying 
ant i rheumatic  drugs (csDMARDs),  including 
methotrexate (MTX); however, a considerable 
proportion of patients are refractory to treatment 
with csDMARDs. The choice of DMARDs in the 
second phase of treatment is crucial for patients with 
inadequate or intolerant csDMARDs (3,4). Biological 
DMARDs (bDMARDs), primarily used in the second 
phase after an inadequate response to csDMARDs, 
provide better clinical outcomes, including clinical 
remission in patients with RA. Recently, janus kinase 
(JAK) inhibitors have emerged as the second choice 
of treatment for patients with RA with an inadequate 
response or intolerance to csDMARDs (3,4).
	 Proinflammatory cytokines — overproduced and 
overexpressed — such as interleukin-6 (IL-6), bind to 
their receptors to activate the JAK-signal transducer and 
activator of transcription (STAT) signaling pathways, 
which are implicated in the pathogenesis of RA (5). 
JAK inhibitors effectively suppress disease activity by 
inhibiting the JAK-STAT signaling pathways.
	 Filgotinib is  a preferential  JAK1 inhibitor 
developed by Gilead (Foster City, CA, USA). In 
previous studies, approximately 50% of patients with 
RA receiving filgotinib achieved clinical remission 
after an inadequate response to csDMARDs (6,7). In 
addition, the effects of JAK inhibitors, including those 
of filgotinib, are non-inferior or superior to those of 
tumor necrosis factor (TNF) inhibitors in patients with 
active RA and an inadequate response to MTX (7-
10); however, currently, no head-to-head comparison 
between JAK and IL-6 inhibitors has been performed. 
IL-6 inhibitors indirectly suppress the JAK-STAT 
pathway by inhibiting IL-6 signaling. IL-6 plays a 
key role in activating JAK1-dependent pathways 
(5). Among the currently available JAK inhibitors, 
filgotinib exhibits a relatively high selectivity for JAK1. 
Therefore, a comparative evaluation of the efficacy 
and safety profiles of filgotinib and IL-6 inhibitors is 
warranted.
	 Clinical remission can be achieved in a substantial 
proportion of patients with RA through the introduction 
o f  J A K  i n h i b i t o r s  o r  b D M A R D s .  H o w e v e r, 
even in patients who achieve clinical remission, 
musculoskeletal ultrasonography (MSUS) may reveal 
residual synovitis, an important finding that predicts 
subsequent joint damage and clinical relapse (11-

14). MSUS is widely used for evaluating disease 
activity in RA as a noninvasive, objective, relatively 
inexpensive, and repeatable imaging modality (15,16). 
Incorporating MSUS alongside clinical disease activity 
indices provides a more comprehensive assessment of 
treatment response at the joint level.
	 This study aimed to evaluate the non-inferiority of 
filgotinib monotherapy over IL-6 inhibitor monotherapy 
in patients with RA with an inadequate response to 
csDMARDs. In addition, we evaluated changes in 
disease activity using both MSUS and clinical disease 
activity indices to achieve a more precise assessment 
in this population. We also performed a comprehensive 
analysis of serum biomarkers, including a wide range 
of cytokines and chemokines. However, this study was 
terminated prematurely because patient enrollment 
did not progress sufficiently to achieve the target 
sample size. Given that the planned sample size was 
not reached, the prespecified non-inferiority analysis 
was not performed; instead, we limited the analyses to 
descriptive statistics and estimation-focused analyses.

2. Materials and Methods

2.1. Study design

This prospective, randomized, open-label, two-arm, 
and interventional clinical trial was conducted at 55 
centers across Japan (Supplementary Table S1, https://
www.ddtjournal.com/action/getSupplementalData.
php?ID=302). The study was registered in the Japan 
Registry of Clinical Trials (https://jrct.niph.go.jp) 
as jRCTs071200107 and in ClinicalTrials.gov as 
NCT05090410. It was approved by the certified review 
board of Nagasaki University (reference number, 
CRB20-026). Written informed consent was provided 
by patients before enrollment. The study was conducted 
in accordance with the principles of the Declaration 
of Helsinki (17), Clinical Trials Act (since February 
2019), Act on the Protection of Personal Information 
and related regulatory notifications, and approved study 
protocol.

2.2. Changes from the previously published protocol

The study protocol has been previously published (18). 
This study was initiated on March 3, 2021. However, 
due to delays in enrolling the target number of 
patients, the study protocol was amended in November 
2022—at which time 18 patients had enrolled—
to facilitate further recruitment. Specifically, 1) the 
inclusion criteria were changed from patients with 
an inadequate response to MTX to patients with an 
inadequate response to csDMARDs; 2) in the IL-6 
inhibitor group, initially including only subcutaneous 
tocilizumab, the options were expanded to include 
intravenous tocilizumab and subcutaneous sarilumab; 3) 
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Patients were randomized in a 1:1 ratio to receive 
either 200 mg/day filgotinib or an IL-6 inhibitor 
(intravenous tocilizumab 8 mg/kg every 4 weeks, 
subcutaneous tocilizumab 162 mg/biweekly, or 
subcutaneous sarilumab 200 mg/biweekly) switched 
from csDMARDs throughout the study period. 
Randomization was performed using the minimization 
method, stratified by RA disease duration (< 2 years 
and ≥ 2 years), disease activity (DAS28-ESR > 5.1 
and ≤ 5.1), and body weight (< 60 kg and ≥ 60 kg). 
Investigators used an electronic data capture (EDC) 
system (DATATRAK EDC; Fountayn, Datatrak 
International, Inc., Beachwood, OH, USA), built by 
an independent data manager, to assign patients to the 
filgotinib or IL-6 inhibitor group in a 1:1 ratio using 
computer-generated random numbers automatically.
	 Patients assigned to the IL-6 inhibitor group 
received one of the IL-6 inhibitors — intravenous 
t o c i l i z u m a b ,  s u b c u t a n e o u s  t o c i l i z u m a b ,  o r 
subcutaneous sarilumab — based on the judgment 
of the study investigator. Patients with a moderate 
renal dysfunction (estimated glomerular filtration 
rate 30–60 mL/min/1.73 m2) were administered 100 
mg/day filgotinib. All patients continued receiving 
the same doses of glucocorticoids that they were 
receiving before providing consent throughout the 
study period. During the study period, the following 
treatments were prohibited: administration of a 
bDMARD (except tocilizumab and sarilumab) or JAK 
inhibitor (except for filgotinib); concomitant use of an 
immunosuppressant (azathioprine, cyclophosphamide, 
or cyclosporine) or oral glucocorticoids equivalent to ≥ 
5 mg/day of prednisolone, in addition to intra-articular 
glucocorticoid injections in joints; and nonsteroidal 
anti-inflammatory drug suppositories. During the 
study period, the dose of any oral nonsteroidal anti-
inflammatory drug was modified only within the range 
of its approved doses in Japan. Although csDMARDs 
were prohibited, their addition was allowed if clinical 
disease activity worsened after 12 weeks. For patients 
receiving subcutaneous tocilizumab, the administration 
frequency was adjusted from 162 mg every 2 weeks 
to once weekly. The flowchart of participant selection 
is shown in Supplementary Figure S1 (https://
www.ddtjournal.com/action/getSupplementalData.
php?ID=302).

2.5. Patient discontinuation criteria

Participants could be withdrawn prematurely for 
any of the following reasons: 1) in the filgotinib 
group, interruption of filgotinib administration for 
> 7 consecutive days; 2) in the IL-6 inhibitor group, 
discontinuation of IL-6 inhibitor administration for 
≥ 2 consecutive scheduled injections; 3) participant 
request to withdraw from the trial; 4) participant 
request to change or discontinue the assigned treatment; 

medications not permitted for previous use were revised 
from all JAK inhibitors and IL-6 inhibitors to filgotinib 
only; and 4) the week 8 study visit was excluded. These 
protocol amendments may have influenced some results 
of the study, compared to the prospective results with 
the initial plan. However, the study was continued as a 
randomized trial, maintaining its primary objective of 
comparing the efficacy of filgotinib and IL-6 inhibitors 
in patients with active RA. Given this consistency in the 
main goal of the study, we decided to proceed the trial 
with the revised protocol. This manuscript presents the 
final trial report of the study previously described in the 
published protocol paper, including the results obtained 
with the original as well as the revised protocols. The 
final revised methods are described below.

2.3. Patients

The inclusion criteria were as follows: 1) age ≥ 18 
years; 2) diagnosis of RA based on the American 
College of Rheumatology (ACR) /European League 
Against Rheumatism 2010 RA Classification Criteria 
(19); 3) at least moderate disease activity, defined as 
a Disease Activity Score 28 (DAS28) – erythrocyte 
sedimentation rate (ESR) ≥ 3.2 at eligibility evaluation; 
4) history of csDMARDs treatment for ≥ 8 weeks 
before providing consent, including ≥ 4 weeks at 
the same doses of csDMARDs; and 5) ability and 
willingness to provide written informed consent and 
comply with the study protocol requirements.
	 The exclusion cri ter ia were as fol lows:  1) 
concurrent use of a glucocorticoid equivalent to > 
5 mg/day of prednisolone; 2) contraindication for 
filgotinib, tocilizumab or sarilumab; 3) previous use 
of filgotinib; 4) treatment with a glucocorticoid and 
csDMARD and change of dose within 4 weeks before 
providing consent; 5) treatment with a bDMARD or 
a biosimilar DMARD (such as infliximab, biosimilar 
of infliximab, adalimumab, biosimilar of adalimumab, 
golimumab, certolizumab pegol, or abatacept) within 
8 weeks before providing consent; 6) treatment with 
a TNF inhibitor (such as etanercept or biosimilar of 
etanercept) within 4 weeks before providing consent; 
7) use of a prohibited drug or therapy, other than the 
agents listed, within 4 weeks before providing consent; 
8) complications causing musculoskeletal disorders 
other than RA (such as ankylosing spondyloarthritis, 
reactive arthritis, psoriatic arthritis, crystal-induced 
arthritis, systemic lupus erythematosus, systemic 
sclerosis, inflammatory myopathy, or mixed connective 
tissue disease); 9) current pregnancy, breastfeeding, or 
nonadherence to a medically approved contraceptive 
regimen during and 12 months after the study period; or 
10) inappropriateness for study inclusion as determined 
by the investigator.

2.4. Intervention
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5) adverse events that made continued participation 
inadvisable; 6) pregnancy; or 7) at the discretion of 
the principal investigator if continued participation 
was considered detrimental to the well-being of the 
participant.
	 Participants who discontinued were assessed at the 
time of discontinuation whenever possible, provided 
the participant cooperated.

2.6. Outcome measurements

Study visits were conducted at baseline and 2, 4, 12, 24, 
36, and 52 weeks after the administration of filgotinib 
or the IL-6 inhibitor. These assessments are shown in 
Supplementary Table S2 (https://www.ddtjournal.com/
action/getSupplementalData.php?ID=302). Clinical 
physicians were blinded to the results of the joint 
assessments that were performed using MSUS.
	 Clinical disease activity was evaluated by each 
attending physician (Japan College of Rheumatology-
certified rheumatologists) based on the values of the 
ACR core set, DAS28-ESR, DAS28-C reactive protein 
(CRP) (20), clinical disease activity index (CDAI), 
and simplified disease activity index (SDAI) levels. 
For tender (68) and swollen joints (66), improvement 
in three of the following five assessments defined 
the ACR response: 1) patient's global assessment, 
2) patient's pain assessment, 3) evaluator's global 
assessment, 4) Health Assessment Questionnaire-
Disability Index (HAQ-DI) (21), and 5) CRP or ESR. 
ACR response rates were defined as ACR20, ACR50, 
and ACR70 responses, based on an improvement of 
≥ 20%, ≥ 50%, or ≥70%, respectively. Each patient's 
global and pain assessments, and the evaluator's global 
assessment, were performed on a 0–100-mm visual 
analog scale (VAS). Patient-reported outcomes (PROs) 
were evaluated using the duration and severity of 
morning stiffness, EuroQol 5 dimensions 5-level (EQ-
5D-5L), and functional assessment of chronic illness-
fatigue (FACIT-F).
	 Participants underwent MSUS at baseline and 4, 12, 
24, 36, and 52 weeks, performed by a Japan College 
of Rheumatology-certified sonographer. A systematic 
multiplanar grayscale (GS) and power Doppler (PD) 
examination of each patient's joint was performed 
using a multifrequency linear transducer (12–24 
MHz). A PD was used depending on the most sensitive 
Doppler modality on the individual machines. Doppler 
settings were adjusted at each hospital according 
to the published recommendations (22). During the 
study, no MSUS settings changes or software upgrades 
occurred. Joint synovitis was assessed using MSUS in 
the dorsal views of 22 joints: bilateral wrist, 1st–5th 
metacarpophalangeal (MCP), interphalangeal (IP), and 
2nd–5th proximal interphalangeal (PIP) joints. Each 
joint was scored for GS and PD on a scale of 0 to 3 in 
a semiquantitative manner. The sum of the GS or PD 

scores was considered as the total GS or PD score, 
respectively. We also assessed the Global Outcome 
Measures in Rheumatology-European League Against 
Rheumatism Synovitis Score (GLOESS). GLOESS has 
been combined with synovial hypertrophy, as shown by 
GS and PD (23).
	 Radiographic imaging of the bilateral hands 
(posteroanterior view) and feet (anteroposterior 
view) was conducted. Trained Japan College of 
Rheumatology-certified rheumatologists (T.K. and T.S.) 
evaluated joint damage progression based on the van 
der Heijde-modified total Sharp score (vdH-mTSS) 
method, as previously described (24), including 16 
areas in each hand for erosions and 15 areas for joint 
space narrowing (25).

2.7. Biomarker measurements

Serum concentrations of the following biomarkers were 
measured: rheumatoid factor (RF) was determined 
using a latex agglutination turbidimetric immunoassay 
(LZ test "Eiken" RF) (Eiken Chemical Co., Ltd., 
Tokyo, Japan). Anti-cyclic citrullinated peptide (CCP) 
antibodies were quantified using a chemiluminescent 
immunoassay (STACIA MEBLux test CCP) (Medical 
& Biological Laboratories Co., Ltd., Tokyo, Japan). 
Matrix metalloproteinase-3 levels were measured 
using a latex turbidimetric immunoassay (Panaclear 
metalloproteinase-3 "Latex") (Sekisui Medical Co., 
Ltd., Tokyo, Japan).
	 Multiplex cytokine/chemokine bead assays were 
performed using diluted serum supernatants and the 
MILLIPLEX MAP Human Cytokine/Chemokine 
Magnetic Bead Panel (Merck KGaA, Darmstadt, 
Germany). Bio-Plex Pro Human Cytokine Assays 
(Bio-Rad, Hercules, CA, USA) were performed using 
a Bio-Plex MAGPIX™ Multiplex Reader (Bio-Rad) 
according to the manufacturer's instructions.
	 The cytokines/chemokines measured by the bead 
panel include IL-1α, IL-1β, IL-1 receptor antagonist, 
IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 (p40), 
IL-12 (p70), IL-13, IL-15, IL-17A, IL-17F, IL-18, IL-
22, IL-27, interferon-gamma (IFN-γ), IFN-α2, C-X-C 
motif chemokine ligand 1 (CXCL1)  (growth-related 
oncogene), granulocyte-macrophage colony-stimulating 
factor, granulocyte colony-stimulating factor, C-X3-C 
motif chemokine ligand 1 (CX3CL1) (fractalkine), flt-
3 ligand, fibroblast growth factor-2, eotaxin, epidermal 
growth factor, vascular endothelial growth factor, 
platelet-derived growth factor-AA, soluble CD40 
ligand, TNF-α, TNF-β, transforming growth factor-α, 
C-C motif chemokine ligand (CCL)4 (macrophage 
inflammatory protein-1β), CCL3 (macrophage 
inflammatory protein-1α), CCL22 (macrophage-derived 
chemokine), CCL7 (monocyte chemotactic protein-3), 
CCL2 (monocyte chemotactic protein-1), CXCL10 
(IFN-γ-inducible protein-10), vascular cell adhesion 
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molecule-1, and intercellular adhesion molecule-1. 
Serum IL-6 and TNF-α levels were measured using 
specific enzyme-linked immunosorbent assay kits (R&D 
Systems, Minneapolis, MN, USA).

2.8. Study endpoints

The primary endpoint was the ACR50 response at 
week 12. The secondary endpoints of this study were as 
follows: 1) ACR responses: ACR50 at weeks 2, 4, 24, 
36, and 52, and ACR20 and ACR70 at weeks 2, 4, 12, 
24, 36, and 52; 2) clinical disease activity: change from 
baseline in CDAI, SDAI, DAS28-ESR, and DAS28-
CRP at weeks 2, 4, 12, 24, 36, and 52; 3) MSUS scores: 
change from baseline in total PD and GS scores, and 
GLOESS at weeks 4, 12, 24, 36, and 52; 4) PROs: 
change from baseline in patient global and pain VAS 
scores, HAQ-DI, EQ-5D-5L, FACIT-F, and morning 
stiffness (duration and activity) at weeks 2, 4, 12, 24, 
36, and 52; 5) radiographic assessment: change from 
baseline in vdH-mTSS at weeks 24 and 52; and 6) 
biomarkers: change from baseline in serum biomarker 
levels at weeks 2, 4, 12, 24, 36, and 52. In addition, 
safety endpoints were adverse events (AEs) and study 
discontinuation rates.

2.9. Statistical analysis

The sample size was determined to ensure a statistical 
power of 0.80 for the primary analysis. Specifically, 
simulation data were generated through 4,000 random 
samplings from a binomial distribution B (n, p) 
(two samples, 2,000 pairs), and the same analytical 
procedure as in the primary analysis was applied to 
these data. The minimum value of n for which non-
inferiority was demonstrated in at least 1,600 of 
2,000 trials (≥ 80%) was selected. Based on previous 

research, the success probability p was fixed at 0.40 for 
both groups (26). This simulation indicated that 176 
patients per group were required for adequate power. 
Considering an estimated dropout rate of approximately 
12% at the time of primary endpoint assessment, the 
target enrollment was set at 200 patients per group.
	 Given that the study did not reach the target 
sample size, the prespecified non-inferiority analysis 
was deemed inappropriate. Therefore, a confirmatory 
hypothesis test was not performed, and analyses 
focused on estimation rather than hypothesis testing. 
For the primary endpoint, risk differences and risk 
ratios with 95% confidence intervals (CIs) were 
calculated. The 95% CI for the risk difference was 
estimated using the Mee method (27), and that for the 
risk ratio was estimated using a continuity-corrected 
approach. For continuous outcomes, medians with 
interquartile ranges were reported. The probability of 
study continuation in each group was illustrated using 
Kaplan–Meier curves. The safety analysis set included 
all patients who received ≥ 1 dose of the study drug. 
The full analysis set was defined as all patients in the 
safety analysis set, randomized to either treatment 
group, and who had available baseline data for the ACR 
core set. All statistical analyses were performed using 
R version 4.4.0 (R Project for Statistical Computing, 
Vienna, Austria).

3. Results

3.1. Patients' characteristics

Between March 3, 2021, and December 4, 2023, the 
target sample size was not achieved; 26 patients were 
enrolled and randomized (13 and 13 to filgotinib 
and IL-6 inhibitor groups, respectively). In the IL-6 
inhibitor group, all patients received subcutaneous 

Figure 1. Treatment continuation over 52 weeks. Kaplan–Meier curves show the probability of continuing the assigned study treatment after 
randomization in the filgotinib (n = 13) and tocilizumab (n = 13) groups. Shaded areas indicate 95% confidence intervals.
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tocilizumab 162 mg/biweekly. Therefore, this group 
would hereafter be referred as the tocilizumab group. 
All 26 patients were included in both the full and 
safety analyses sets. During the follow-up period, 
10 patients in the filgotinib group and 7 in the 
tocilizumab group discontinued the study (Figure 1 
and Supplementary Figure S1, https://www.ddtjournal.
com/action/getSupplementalData.php?ID=302). In the 
filgotinib group, the reasons for discontinuation were 

AEs in two patients, withdrawal of consent in two, 
and the investigator's judgment of inappropriateness 
for study continuation in six. In the tocilizumab 
group, one patient discontinued due to withdrawal of 
consent, one due to a violation of inclusion/exclusion 
criteria, and five due to the investigator's judgment of 
inappropriateness for study continuation. After week 
12, one patient in the tocilizumab group received 
iguratimod as rescue therapy. Eighteen patients were 

Table 1. Baseline characteristics

Characteristics

Age (years)a

Femaleb

Height (cm)a

Weight (kg)a

Disease duration (years)a

Rheumatoid factor positive historyb

Baseline rheumatoid factor (IU/mL)a

Anti CCP antibody-positive historyb

Baseline anti CCP antibody (U/mL)a

Smoking historyb

Former smoker
Current smoker
Current csDMARDs
Type of csDMARDsb

MTX
Non-MTX
MTX dose (mg/week)a

Pretreatment for rheumatoid arthritis
    Biologics agentsb

Concomitant medications
    Glucocorticoidb

Disease activitya

    Tender joint count of 68 joints
    Swollen joint count of 66 joints
    ESR (mm/h)
    CRP (mg/dL)
    CDAI
    SDAI
    DAS28-ESR
    DAS28-CRP
    Total GS score
    Total PD score
    GLOESS
    Patient global VAS (scale: 0–100)
    Patient pain VAS (scale: 0–100)
    Morning stiffness severity (scale: 0–100)
    Duration of morning stiffness, minutes
    EQ-5D-5L
    FACIT-F
    HAQ-DI
    vdH-TSS

Tocilizumab
(n = 13)

  65 (60, 71)
  13 (100)
153.6 (152.1, 154.5)
  51 (46, 63)
    4 (0, 13)
  12 (92.3)
  49 (30, 83)
  12 (92.3)
  92 (15, 143)

    1 (7.7)
    1 (7.7)

  12 (92.3)
    1 (7.7)
    9 (7.5, 10.5)※

    5 (38.5)
Infliximab 1, adalimumab 1, etanercept 1, 
tocilizumab 1, and otilimab 1

    2 (15.4)

    8 (7, 13)
    7 (3, 10)
  40 (12, 44)
    0.53 (0.12, 0.94)
  20.8 (18.6, 33)
  22.2 (18.7, 33)
    5.18 (4.72, 5.94)
    4.51 (3.77, 4.93)
  13 (8, 15)
    5 (1, 10)
  14 (9, 15)
  51.5 (40, 68)
  53.5 (40, 73)
  50 (39, 67)
  25 (10, 30)
    0.749 (0.636, 0.844)
  39 (34, 47)
    1 (0.5, 1.25)
    8.5 (4.5, 31.5)

Values are presented as median (IQR) for continuous variablesa and n (%) for categorical variablesb. CCP, cyclic citrullinated peptide; 
CDAI,Clinical Disease Activity Index; CRP, C-reactive protein; csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; 
DAS28, Disease Activity Score-28; ESR, erythrocyte sedimentation rate; EQ-5D-5L, EuroQol 5 Dimension 5-Level; FACIT-F, Functional 
Assessment of Chronic Illness Therapy-Fatigue; GLOESS, Global the global Outcome Measures in Rheumatology-European League Against 
Rheumatism Synovitis Score; GS, grayscale; HAQ-DI, Health Assessment Questionnaire-Disability Index; IQR, interquartile range; MTX, 
methotrexate; PD, power Doppler; RF, rheumatoid factor; SDAI, Simplified Disease Activity Index; VAS, Visual Analog Scale; vdH-TSS, van der 
Heijde-modified total Sharp score. ※n = 12 (1 missing).

Filgotinib
(n = 13)

  74 (63, 78)
  10 (76.9)
152.6 (150.0, 158.5)
  48 (42, 65)
    2 (0, 5)※

  11 (84.6)
  76 (32, 191)
    8 (61.5)
  12 (6, 373)

    2 (15.4)
    1 (7.7)

  13 (100)
    0 (0)
    8 (8, 12)

    3 (23.1)
Infliximab 2, and ozoralizumab 1

    0 (0)

    8 (3, 22)
    7 (3, 9)
  38 (17, 66)
    0.97 (0.5, 1.81)
  21.5 (17.7, 28.7)
  22.6 (18, 31.3)
    5.35 (3.98, 6.33)
    4.66 (3.57, 5.57)
  12 (7, 24)
    7 (4, 19)
  13 (7, 29)
  52.9 (23, 80)
  53.8 (22.1, 80)
  63 (15, 85)
  90 (10, 360)
    0.758 (0.653, 0.895)
  38 (33, 41)
    0.625 (0.375, 1.62)
  14 (5, 24.5)

https://www.ddtjournal.com/action/getSupplementalData.php?ID=302
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enrolled before the amendment of the study protocol 
(ddetails are provided in Section 2.2. Changes from the 
previously published protocol), and eight patients were 
enrolled after the amendment.
	 Baseline characteristics were similar between the 
two groups, with some differences (Table 1). The 
median age was 74 and 65 years and the proportion 
of females was 76.9 and 100% in the filgotinib and 
tocilizumab groups, respectively. Most patients in both 
groups were positive for RF, and anti-CCP positivity was 
observed in 61.5 and 92.3% of patients in the filgotinib 
and tocilizumab groups, respectively. All patients in 
the filgotinib group and 12 patients (92.3%) in the 
tocilizumab group were receiving MTX at baseline. The 
remaining patients in the tocilizumab group, who were 
not receiving MTX, were treated with bucillamine 100 
mg/day and tacrolimus 1 mg/day. Glucocorticoids were 
concomitantly administered in two patients (15.4%) in 
the tocilizumab group (prednisolone 5 and 3 mg/day, 
respectively). No patient had prior exposure to JAK 
inhibitors, whereas one patient in the tocilizumab group 
had previously received tocilizumab.

3.2. Primary endpoint

For the primary endpoint, an ACR50 response at 
week 12 was achieved in 38.5% (5/13) of patients in 
the filgotinib group and 46.2% (6/13) of those in the 
tocilizumab group. The risk difference was −7.69% 
(95% CI, −42.26–28.8), and the risk ratio was 0.83 (95% 
CI, 0.36–1.98) (Table 2).

3.3 Secondary endpoints

The responses for ACR20, ACR50, and ACR70 at each 
assessment time point are presented in Table 2. No 

apparent differences were observed in the achievement 
proportions between the filgotinib and tocilizumab 
groups.
	 Disease activity measures (CDAI, SDAI, DAS28-
ESR, and DAS28-CRP) decreased from baseline 
to as early as week 2 in both groups (Figure 2 and 
Supplementary Table S3, https://www.ddtjournal.com/
action/getSupplementalData.php?ID=302). CDAI 
remission (CDAI ≤ 2.8) was achieved in 7.7% (1/13) 
of patients in the filgotinib group and 0% (0/13) in 
the tocilizumab group at week 2. At week 4, CDAI 
remission was observed in 7.7% (1/13) of patients in 
both groups. At week 12, CDAI remission rates were 
38.5% (5/13) in the filgotinib group and 23.1% (3/13) 
in the tocilizumab group. At week 24, CDAI remission 
was achieved in 15.4% (2/13) of patients in the filgotinib 
group and 30.8% (4/13) in the tocilizumab group. 
However, no apparent between-group differences were 
observed in the estimated values at any time point 
(Supplementary Table S4, https://www.ddtjournal.com/
action/getSupplementalData.php?ID=302).
	 Similarly, MSUS scores (total GS score, total PD 
score, and GLOESS) decreased from baseline, and 
their median values, respectively, at week 52 were 
0 in both groups, although the number of evaluable 
patients at this time point was limited (filgotinib group, 
n = 3; tocilizumab group, n = 6) (Figure 2). Notably, 
reductions in these scores were observed from week 
4 in the filgotinib group, but from week 12 in the 
tocilizumab group (Supplementary Table S3, https://
www.ddtjournal.com/action/getSupplementalData.
php?ID=302). However, no apparent between-
group differences were observed at any time point 
(Supplementary Table S4, https://www.ddtjournal.com/
action/getSupplementalData.php?ID=302).
	 PROs (patient global VAS score, patient pain VAS 

Table 2. Proportions of patients achieving ACR20/50/70 responses

ACR20
     Week 2
     Week 4
     Week 12
     Week 24
     Week 52
ACR50
     Week 2
     Week 4
     Week 12
     Week 24
     Week 52
ACR70
     Week 2
     Week 4
     Week 12
     Week 24
     Week 52

Filgotinib
(n = 13)

  5/13 (38.5)
  9/13 (69.2)
  9/13 (69.2)
  8/13 (61.5)
  3/13 (23.1)

  2/13 (15.4)
  4/13 (30.8)
  5/13 (38.5)
  7/13 (53.8)
  3/13 (23.1)

0/13 (0.0)
  2/13 (15.4)
  4/13 (30.8)
  4/13 (30.8)
  3/13 (23.1)

Values are presented as number (%). ACR, American College of Rheumatology; CI, confidence interval.

Tocilizumab
(n = 13)

  6/13 (46.2)
  6/13 (46.2)
10/13 (76.9)
  9/13 (69.2)
  6/13 (46.2)

0/13 (0.0)
  4/13 (30.8)
  6/13 (46.2)
  8/13 (61.5)
  5/13 (38.5)

0/13 (0.0)
  2/13 (15.4)
  4/13 (30.8)
  4/13 (30.8)
  5/13 (38.5)

Risk Difference
(95% CI)

  -7.69 (-42.26, 28.80)
  23.08 (-14.58, 54.95)
  -7.69 (-40.37, 26.45)
  -7.69 (-41.56, 27.94)
-23.08 (-54.37, 13.49)

15.38 (-9.27, 42.23)
   0.00 (-34.26, 34.26)
 -7.69 (-42.26, 28.80)
 -7.69 (-42.26, 28.80)
-15.38 (-47.59, 20.08)

   0.00 (-22.81, 22.81)
   0.00 (-30.33, 30.33)
   0.00 (-34.26, 34.26)
   0.00 (-34.26, 34.26)
-15.38 (-47.59, 20.08)

Risk Ratio
(95% CI)

  0.83 (0.36, 1.98)
  1.50 (0.76, 2.81)
  0.90 (0.58, 1.42)
  0.89 (0.52, 1.53)
  0.50 (0.19, 1.55)

      Inf (0.26, 94.69)
  1.00 (0.34, 2.91)
  0.83 (0.36, 1.98)
  0.87 (0.47, 1.65)
  0.60 (0.21, 1.93)

0.00 (0.00, Inf)
  1.00 (0.21, 4.87)
  1.00 (0.34, 2.91)
  1.00 (0.34, 2.91)
  0.60 (0.21, 1.93)

https://www.ddtjournal.com/action/getSupplementalData.php?ID=302
https://www.ddtjournal.com/action/getSupplementalData.php?ID=302
https://www.ddtjournal.com/action/getSupplementalData.php?ID=302
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score, morning stiffness severity, duration of morning 
stiffness, EQ-5D-5L, FACIT-F, and HAQ-DI) also 
showed early improvement in both groups (Figure 3 and 
Supplementary Table S3, https://www.ddtjournal.com/
action/getSupplementalData.php?ID=302). At week 2, 
the patient global VAS scores were lower in the filgotinib 
group than in the tocilizumab group (− 20.96; 95% 
CI, − 40.16 – −1.76); however, this difference was not 
observed after week 4 (Table 3). In addition, other PROs 
showed no apparent differences between the groups at 
any time point (Table 3).
	 Changes in the vdH-mTSS were minimal, with a 
median change from baseline of 0 at both weeks 24 
and 52 in each group (Supplementary Table S3, https://
www.ddtjournal.com/action/getSupplementalData.
php?ID=302).
	 Supplementary Figure S2 (https://www.ddtjournal.
com/action/getSupplementalData.php?ID=302) 

shows the changes in serum cytokine and chemokine 
biomarkers. Serum IL-6 levels showed a sustained 
decrease from week 2 to week 52 in the filgotinib group, 
whereas the levels increased in the tocilizumab group 
during the same period. Moreover, from week 2, lower 
serum IL-6 levels were observed in the filgotinib group 
than in the tocilizumab group. Other than serum IL-6, 
no biomarkers showed consistent changes from baseline 
or any clear differences between the treatment groups 
(Supplementary Table S5, https://www.ddtjournal.com/
action/getSupplementalData.php?ID=302).

3.4. Subgroup analysis

The results of ACR20, ACR50, and ACR70 responses 
stratified by the randomization factors — disease 
duration of RA (< 2 years and ≥ 2 years), disease activity 
(DAS28-ESR > 5.1 and ≤ 5.1), and body weight (< 

Figure 2. Values in clinical disease activity and MSUS during the study period. A. clinical disease activity and B. musculoskeletal ultrasound 
scores. Horizontal bar: median; boxes: 25th and 75th percentiles; bars: 5th and 95th percentiles. Black box/bar indicates the tocilizumab group, and 
gray box/bar indicates the filgotinib group. The numbers of evaluable patients at each time point were as follows. In A, in the tocilizumab group, the 
numbers were identical for CDAI, tender joint count, and swollen joint count: week 0, n = 13; week 2, n = 12; week 4, n = 12; week 12, n = 12; week 
24, n = 10; week 36, n = 8; week 52, n = 6; and stop, n = 7. For SDAI, DAS28-ESR, and DAS28-CRP in the tocilizumab group, the numbers were week 0, 
n = 13; week 2, n = 12; week 4, n = 12; week 12, n = 12; week 24, n = 10; week 36, n = 8; week 52, n = 6; and stop, n = 6. In the filgotinib group, the 
numbers were identical across all assessments: week 0, n = 13; week 2, n = 12; week 4, n = 12; week 12, n = 11; week 24, n = 10; week 36, n = 7; 
week 52, n = 3; and stop, n = 4. In B, the numbers in the tocilizumab group were week 0, n = 13; week 4, n = 12; week 12, n = 12; week 24, n = 10; 
week 36, n = 8; week 52, n = 6; and stop, n = 4, whereas those in the filgotinib group were week 0, n = 13; week 4, n = 12; week 12, n = 11; week 
24, n = 9; week 36, n = 7; week 52, n = 3; and stop, n = 4. Abbreviations: CDAI, Clinical Disease Activity Index; CRP, C-reactive protein; DAS28, 
Disease Activity Score-28; ESR, erythrocyte sedimentation rate; GLOESS, Global OMERACT-EULAR Synovitis Score; GS, grayscale; PD, power 
Doppler; SDAI, Simplified Disease Activity Index; MSUS, musculoskeletal ultrasound scores.

https://www.ddtjournal.com/action/getSupplementalData.php?ID=302
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60 kg and ≥ 60 kg)—are shown in Supplementary 
Table S6 (https:/ /www.ddtjournal.com/action/
getSupplementalData.php?ID=302). No apparent 
between-group differences were observed for any of 
these subgroups.

3.5. Safety

During the 52-week treatment period, AEs were reported 
in three patients (23.1%) in the filgotinib group and 
seven patients (53.8%) in the tocilizumab group (Table 
4). There were 9 AEs in the filgotinib group, including 

4 serious AEs: urinary tract infection, heart failure, 
bacteremia, and tumor-forming pancreatitis. Treatment 
was discontinued in two patients in the filgotinib group 
due to the AEs. In the tocilizumab group, 12 AEs were 
reported, none of which were serious. The most common 
AEs were stomatitis (n = 4) and infections, including 
one case each of Pseudomonas aeruginosa pneumonia, 
periodontal disease, and upper respiratory tract infection. 
Treatment-related AEs occurred in 33.3% (3/9) of events 
in the filgotinib group and 83.3% (10/12) of events in the 
tocilizumab group.
	 Medication adherence was high in both groups, with 

(183)

Figure 3. Changes in patient-reported outcomes during the study period. Bar graphs show the median change from baseline at each time point. 
The black bar indicates the tocilizumab group, and the gray bar indicates the filgotinib group. The numbers of evaluable patients at each time point 
were as follows. In the tocilizumab group, the numbers were identical for patient global VAS scores, patient pain VAS scores, and HAQ-DI: week 2, 
n = 12; week 4, n = 12; week 12, n = 12; week 24, n = 10; week 36, n = 8; week 52, n = 6; and stop, n = 7. For morning stiffness severity, duration 
of morning stiffness, FACIT-F, and EQ-5D-5L in the tocilizumab group, the numbers were week 2, n = 12; week 4, n = 12; week 12, n = 12; week 
24, n = 10; week 36, n = 8; week 52, n = 6; and stop, n = 6. In the filgotinib group, the numbers were identical for patient global VAS scores, patient 
pain VAS scores, morning stiffness severity, duration of morning stiffness, FACIT-F, and HAQ-DI: week 2, n = 12; week 4, n = 12; week 12, n = 11; 
week 24, n = 10; week 36, n = 7; week 52, n = 3; and stop, n = 4. For EQ-5D-5L in the filgotinib group, the numbers were week 2, n = 11; week 4, n 
= 12; week 12, n = 11; week 24, n = 10; week 36, n = 7; week 52, n = 3; and stop, n = 4. Abbreviations: EQ-5D-5L, EuroQol 5 Dimension 5-Level; 
FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue; HAQ-DI, Health Assessment Questionnaire-Disability Index; VAS, Visual 
Analog Scale.

https://www.ddtjournal.com/action/getSupplementalData.php?ID=302
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median adherence rates of 98.4% (95% CI, 94.7–99.7) 
in the filgotinib group and 96.3% (95% CI, 92.9–100) in 
the tocilizumab group.

4. Discussion

This randomized controlled trial compared the efficacy 
and safety of filgotinib and subcutaneous tocilizumab 
monotherapies in patients with RA and an inadequate 
response to csDMARDs. Although the planned sample 
size was not achieved and a formal non-inferiority 

(184)

Table 3. Differences in patient reported outcomes between the filgotinib group and tocilizumab group

Parameter

Patient global VAS (scale: 0–100)
     Week 0
     Week 2
     Week 4
     Week 12
     Week 24
     Week 36
     Week 52
Patient pain VAS (scale: 0–100)
     Week 0
     Week 2
     Week 4
     Week 12
     Week 24
     Week 36
     Week 52
Morning stiffness severity (scale: 0–100)
     Week 0
     Week 2
     Week 4
     Week 12
     Week 24
     Week 36
     Week 52
Duration of morning stiffness, minutes
     Week 0
     Week 2
     Week 4
     Week 12
     Week 24
     Week 36
     Week 52
EQ-5D-5L
     Week 0
     Week 2
     Week 4
     Week 12
     Week 24
     Week 36
     Week 52
FACIT-F
     Week 0
     Week 2
     Week 4
     Week 12
     Week 24
     Week 36
     Week 52
HAQ-DI
     Week 0
     Week 2
     Week 4
     Week 12
     Week 24
     Week 36
     Week 52

Data shown the difference (Filgotinib – Tocilizumab) in each timepoint from baseline. CI, Confidence interval; EQ-5D-5L, EuroQol 5 Dimension 
5-Level; FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue; HAQ-DI, Health Assessment Questionnaire-Disability Index; 
VAS, Visual Analog Scale.

Difference

 -1
    -20.96
      -0.66
      -0.49
       3.69

        -14.81
      -0.99

      -3.28
    -16.08
      -0.26
      -1.92
       2.69
    -18.34
       1.76

       3.38
    -11.33
      -3.75
      -5.83
    -3.6

    -22.14
  -1

275
       37.08
     -87.25
   -106.01

  124.7
 -188.3

        5.83

      -0.04
       0.09
      -0.04
       0.06
      -0.02
       0.13

  0

      -4.62
    -2.5

      -1.75
      -0.93
    -0.9

       6.23
      -0.33

       0.16
      -0.08
    -0.1

      -0.11
        0.19
      -0.18
    -0.1

95% CI Lower

 -23.82
 -40.16
 -21.55
 -20.89
 -14.17
 -35.91
 -30.78

 -28.01
 -37.08
 -22.48
 -22.21
 -12.69
 -43.43
 -22.06

 -22.76
 -35.26
 -26.81
 -25.56
 -18.21
 -49.57
 -12.84

   -2.98
-121.29
-349.92
-369.14
-199.18
-610.26
  -23.86

   -0.23
   -0.13
   -0.18
   -0.05
   -0.16
   -0.01
   -0.29

 -13.78
 -13.60
 -12.01
 -9.6

   -7.65
   -2.11
 -23.97

   -0.44
   -0.73
   -0.64
   -0.61
   -0.48
   -0.76
   -1.24

95% CI Upper

  21.83
   -1.76
  20.23
  19.91
  21.54
    6.29
28.8

  21.45
    4.92
  21.96
  18.38
  18.07
    6.75
  25.58

  29.53
  12.59
  19.31
13.9

  11.01
    5.28
  10.84

552.98
195.46
175.42
157.13
448.58
233.65
  35.53

    0.16
  0.3

    0.09
    0.17
    0.11
    0.26
    0.29

    4.55
  8.6

    8.51
    7.74
    5.85
  14.57
  23.31

    0.77
    0.57
    0.43
  0.4

    0.85
  0.4

    1.03
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analysis could not be performed, the results provide 
meaningful insights into the comparative performance 
of these two therapeutic strategies. Both groups 
demonstrated rapid and sustained improvement in disease 
activity, with no apparent difference in radiographic 
progression between the treatments.
	 The introduction of bDMARDs and JAK inhibitors 
has greatly advanced the RA therapeutic landscape, 
offering multiple treatment options with distinct 
mechanisms of action. However, as these options have 
expanded, the question of how to optimally select 
among them has become an important clinical issue. 
Several studies comparing JAK or IL-6 inhibitors 
with TNF inhibitors show that both JAK (including 
filgotinib) and IL-6 inhibitors can achieve efficacy 
comparable to or greater than TNF inhibitors in patients 
with inadequate response to csDMARDs (7-10,28-
30). Regarding comparative studies of JAK and IL-6 
inhibitors, one retrospective analysis using propensity 
score matching reported that baricitinib and tocilizumab 
led to comparable improvements in DAS28-CRP, joint 
counts, and CRP levels at 24 weeks (31). Nevertheless, 
no randomized controlled trial has directly compared the 
efficacy and safety of JAK inhibitors and IL-6 inhibitors. 
The comparison of these two therapeutic classes holds 
particular scientific significance given their overlapping 
mechanisms of action. JAK inhibitors provide therapeutic 
effects through direct inhibition of the JAK-STAT 
signaling pathway, whereas IL-6 inhibitors indirectly 
suppress this pathway by blocking IL-6 signaling. 
Furthermore, our study addresses a clinically relevant 
scenario, as both filgotinib and tocilizumab demonstrate 
lower MTX dependency than TNF inhibitors, making 
monotherapy comparison particularly meaningful.
	 Notably, in our study, the patient global VAS 
score was lower in the filgotinib group than in the 

tocilizumab group at week 2. Recently, PROs, including 
the patient global VAS score, have been increasingly 
emphasized in RA management, as early improvements 
in PROs correlate with long-term pain persistence and 
radiographic progression (32,33). Previous randomized 
control trials have shown that baricitinib and upadacitinib 
lead to significantly greater and faster improvements in 
the patient global VAS scores than bDMARDs such as 
adalimumab and abatacept (9,10,34). A post hoc analysis 
of a randomized control trial showed that, among 
patients with an inadequate response to MTX, 200 mg 
filgotinib plus MTX resulted in a significantly greater 
improvement in the patient global VAS score at week 12 
than adalimumab plus MTX (35). Consistent with these 
findings, a propensity-matched retrospective comparison 
between baricitinib and tocilizumab demonstrated a 
greater patient global VAS score improvement with 
baricitinib at 24 weeks (31). However, in our study, this 
early difference between the filgotinib and tocilizumab 
groups diminished over time, and no difference was 
observed in radiographic progression. Therefore, the 
clinical significance of early PRO improvement with 
filgotinib compared to tocilizumab  requires further 
investigation.
	 We also evaluated MSUS findings, which are 
increasingly recognized as valuable tools for monitoring 
disease activity in RA. Previous studies demonstrate that 
both bDMARD and JAK inhibitor therapies improve 
synovial inflammation detectable by MSUS, even at 
early stages (36,37). Although clinical remission remains 
the primary therapeutic target to prevent joint destruction, 
radiographic progression occurs in 15–20% of patients 
with clinical remission (38,39). Approximately 60% 
of patients in clinical remission demonstrate persistent 
power Doppler-positive synovitis on MSUS, which 
represents a risk factor for subsequent joint destruction 
(13,40,41).  These observations underscore the 
importance of performing MSUS assessment with 
clinical evaluation. Despite the limited sample size, 
both treatment groups in our study demonstrated 
MSUS improvement and suppression of radiographic 
progression as measured by the vdH-mTSS.
	 Multiple serum cytokines and chemokines were 
examined. Among all evaluated parameters, serum IL-6 
was the only biomarker demonstrating consistent changes 
from baseline in all visits and between-group differences 
from week 2. Serum IL-6 levels decreased early in the 
filgotinib group while increasing in the tocilizumab 
group, with between-group differences maintained 
throughout the study. The elevation in serum IL-6 levels 
observed in the tocilizumab group is consistent with the 
mechanism of receptor blockade, which reduces IL-6 
clearance and leads to the accumulation of circulating 
IL-6, correlating with receptor occupancy and antibody 
concentration (42,43). Persistently elevated serum IL-6 
levels through week 52 suggest adequate antibody 
exposure throughout the study. In contrast, the filgotinib 
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Table 4. Summary of adverse events

Event

Patients with adverse event, n (%)a

Number of adverse events
Number of serious adverse events
Number of infection (serious infection)

Adverse events by severity, n (%)b

    Mild
    Moderate
    Severe
    Life-threatening
    Death
    Treatment-related adverse events, n (%)
    Patients discontinuing due to adverse 
    events

Adverse events of special interest
    Infection
    Serious infection

Filgotinib
(n = 13)

3 (23.1)
9
4
3 (3)

2 (22.2)
3 (33.3)
3 (33.3)
1 (11.1)
0 (0.0)
3 (33.3)
2

3
3

Tocilizumab
(n = 13)

  7 (53.8)
12
  0
  3 (0)

  2 (16.7)
10 (83.3)
  0 (0.0)
  0 (0.0)
  0 (0.0)
10 (83.3)
  0

  3
  0

aproportion per patient, bproportion per event.
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group demonstrated IL-6 reduction, presumably through 
JAK-STAT pathway blockade. However, no definite 
changes were observed in other cytokines involved in 
the JAK–STAT pathway, including IFN-α, possibly 
reflecting the limited sample size and highlighting the 
need for further investigation.
	 Regarding safety, multiple AEs were observed in 
both groups. Although large post-marketing studies 
have raised concerns regarding malignancy and major 
adverse cardiovascular events associated with JAK 
inhibitors, none of these events occurred in our study 
(44). However, the limited sample size and 52-week 
observation period preclude conclusions regarding long-
term safety. Notably, several serious AEs, including 
serious infections, were observed in the filgotinib group, 
warranting careful monitoring in clinical practice.
	 This study has some important limitations. First, 
although the study was randomized, the open-label 
design introduced potential treatment bias. Second, 
failure to achieve the predetermined target sample size 
precluded the planned non-inferiority analysis, limiting 
the analysis to descriptive comparisons. Consequently, 
this study does not provide definitive guidance regarding 
treatment selection for specific patient populations. 
Despite these limitations, our study provides valuable 
comparative data on two important therapeutic options, 
evaluating not only clinical activity but also MSUS 
findings, PROs, and biomarker profiles.
	 In conclusion, although the planned sample size 
was not attainable and robust between-group effect 
estimation was not feasible, both filgotinib and 
subcutaneous tocilizumab monotherapies led to early and 
sustained improvements in disease activity, including 
MSUS findings and PROs in patients with csDMARD-
refractory RA. Although no new safety signals were 
identified, the occurrence of several serious AEs with 
filgotinib warrants careful monitoring. This trial was 
terminated early and represents a descriptive analysis of 
an underpowered randomized study. Larger, adequately 
powered studies are required to confirm these findings 
and clarify the optimal therapeutic positioning of JAK 
and IL-6 inhibitors in RA management.
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1. Introduction

Idiopathic multicentric Castleman disease (iMCD) 
is a rare lymphoproliferative disease characterized 
by polyclonal lymph node hyperplasia, distinctive 
histopathological features, and systemic inflammatory 
symptoms (1,2). iMCD is a rare and refractory disease 
that annually affects ~900-4,200 people in the  US 
(3) and ~1,500 in Japan (4). Patients typically present 
with generalized lymphadenopathy accompanied by 
constitutional symptoms, including fever, fatigue, weight 
loss, and night sweats. Laboratory abnormalities are 
hallmarks of the disease and include elevated C-reactive 
protein (CRP) levels, anemia of chronic inflammation, 

hypoa lbuminemia ,  and  e leva ted  e ry th rocy te 
sedimentation rate. The constellation of clinical and 
laboratory findings reflects the systemic inflammatory 
state characteristic of iMCD. Without effective treatment, 
iMCD can progress to life-threatening complications, 
such as multiorgan damage and secondary amyloidosis.
	 The pathogenesis of iMCD remains incompletely 
understood; however, interleukin-6 (IL-6) has been 
identified as a central driver of disease manifestations 
through extensive research. Elevated serum IL-6 levels 
have been reported in patients with Castleman disease 
(5). In addition, single-cell RNA sequencing and spatial 
enhanced resolution omics sequencing demonstrated that 
IL-6 pathway signals were dominant in nodal fibroblastic 
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SUMMARY: Idiopathic multicentric Castleman disease (iMCD) is a rare lymphoproliferative disease characterized 
by systemic inflammation. Although IL-6 receptor blockade with tocilizumab is an established treatment, Janus kinase 
(JAK) inhibition may offer broader immunomodulation by targeting multiple cytokine signaling pathways. This 
comparative longitudinal study evaluated 41 serum cytokines/chemokines in 10 patients with plasma-cell-type iMCD 
(five treated with filgotinib (JAK1 preferential inhibitor) for 52 weeks and five treated with tocilizumab for a median 
of 28 months) to compare the cytokine/chemokine suppression profiles between these two mechanistically distinct 
therapies. Patient values were normalized to those of healthy controls (n = 101) using Z-scores. At baseline, both groups 
exhibited marked elevations in cytokines, including IL-12p70, IL-22, IFN-γ, and IL-6. Both treatments resulted in 
significant changes in multiple cytokines, with 12 cytokines showing significant changes in each group. Between-group 
comparison revealed only three cytokines with differential responses: IL-6 (receptor blockade artifact), IL-15 (greater 
suppression with filgotinib), and PDGF-AA (greater suppression with tocilizumab). Overall, cytokine suppression was 
equivalent between the treatments (median ΔZ-score: −0.32 (filgotinib) vs. −0.27 (tocilizumab), p = 0.74). Principal 
component analysis demonstrated parallel treatment trajectories toward normalization. These exploratory findings 
from this small-sample study suggest that JAK inhibition and IL-6 receptor blockade may achieve comparable 
broad-spectrum cytokine/chemokine suppression in iMCD, despite the different mechanisms of action. However, 
the discordance between cytokine suppression and clinical improvement with filgotinib suggests that complete IL-6 
pathway blockade remains critical for the clinical response in iMCD, highlighting the need to identify additional 
pathogenic drivers beyond the measured cytokine network.

Keywords: multicentric Castleman disease, cytokine profile, filgotinib, tocilizumab, JAK inhibitor, biomarker
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reticular cells and endothelial cells in the lymph nodes 
of iMCD (6). Anti-IL-6 therapies, including the IL-6 
receptor antibody tocilizumab (approved in Japan) (7) 
and the IL-6-neutralizing antibody siltuximab (approved 
in the United States, Europe, and other regions) (8), 
have transformed the patient outcomes. However, a 
significant proportion of patients do not benefit from 
anti–IL-6 treatment, and additional therapeutic options 
are needed for non-responders, especially severely 
afflicted patients (9).
	 The inflammatory milieu of iMCD extends beyond 
IL-6, encompassing a complex network of a pleomorphic 
cytokine profile, and the disease is not driven by IL-6. 
Serum proteomic analyses have revealed a "chemokine 
storm" in iMCD, with the simultaneous elevation of 
numerous inflammatory mediators that may perpetuate 
disease activity (10). This observation has prompted 
interest in therapeutic strategies that target broader 
inflammatory networks rather than individual cytokines.
	 To regulate broader inflammatory networks, Janus 
kinases (JAKs), which are downstream of cytokine 
receptors, including IL-6 (11), appear to be promising 
treatment targets for iMCD. JAKs contribute to the 
signal transducer and activator of transcription (STAT) 3 
activation in  iMCD pathogenesis (12), suggesting that 
JAK-STAT signaling inhibition is a potential treatment 
approach. This rationale led to a phase Ib investigator-
led clinical trial of filgotinib, a JAK1 preferential 
inhibitor, for iMCD, which was conducted across Japan 
in 2024 (13).
	 Filgotinib preferentially inhibits JAK1-dependent 
cytokine signaling in vitro (14) and has been approved 
for use in rheumatoid arthritis (RA) (15) and ulcerative 
colitis (16). JAK1 inhibition theoretically offers broader 
immunomodulation by simultaneously suppressing the 
signaling of multiple cytokine receptors that utilize JAK1 
for signal transduction. This mechanistic difference raises 
the fundamental question of whether JAK1 inhibition 
might achieve more comprehensive cytokine suppression 
than selective IL-6 receptor blockade, potentially 
offering advantages for patients with complex cytokine 
dysregulation.
	 In an evaluation at eight weeks, treatment with 
filgotinib did not show apparent efficacy on the CHAP 
score and its components (CRP, hemoglobin, and 
albumin) (13). Evaluation of multiple cytokines and 
chemokines demonstrated differences in the serum 
levels of FGF-2, IL-4, IL-6, TNF-β, and VEGF-A at 
eight weeks between filgotinib- and tocilizumab-treated 
patients (17). However, the evaluation at eight weeks 
seemed too early to draw a definitive conclusion.
	 This comparative longitudinal study aimed to 
comprehensively characterize the cytokine and 
chemokine profiles of both treatments, with normalization 
to healthy controls. Our approach enables a direct 
comparison of different cytokines and chemokines 
on a common scale using Z-score normalization, 

facilitating the interpretation of the relative magnitude 
of abnormalities and treatment effects. Specifically, we 
sought to (1) compare the breadth and magnitude of 
cytokine/chemokine suppression between filgotinib and 
tocilizumab across the entire inflammatory network; 
(2) identify cytokine/chemokine biomarkers associated 
with clinical parameters and treatment response; (3) 
determine whether JAK1 inhibition achieves broader 
immunomodulation than IL-6 receptor blockade; and (4) 
characterize the specific cytokines that show differential 
responses to these two mechanistically distinct therapies. 
Understanding these cytokine/chemokine dynamics has 
important implications for future therapeutic strategies 
for this challenging rare disease.

2. Materials and Methods

This comparative longitudinal study evaluated serum 
cytokine and chemokine dynamics in two cohorts 
of patients with iMCD diagnosed according to the 
Japanese Ministry of Health, Labour and Welfare criteria 
(designated intractable diseases notice no. 331, effective 
April 1, 2018). The filgotinib cohort comprised 5 patients 
enrolled in a prospective, single-arm, open-label Phase Ib 
clinical trial (registered in the Japan Registry of Clinical 
Trials (https://jrct.niph.go.jp/) as jRCT2071230108 
approved by  the Nagasaki University Hospital 
Institutional Review Board, approval No. 123-002 and 
jRCTs071230120 approved by the Nagasaki University 
Hospital Institutional Review Board, approval No. 
CRB23-008). Patients with a total score on the CHAP 
(C-reactive protein (CRP), Hemoglobin, Albumin, + 
Performance Status (PS, Eastern Cooperative Oncology 
Group [ECOG])) (4) that was ≥ 2 points in total with 
hemoglobin or albumin ≥ 1 point and CRP ≥ 1 point at 
baseline were included. Patients with iMCD-TAFRO  
(thrombocytopenia, anasarca, fever, reticulin fibrosis, 
renal insufficiency, and organomegaly clinical subtype), 
as defined by the validated international definition 
(18), were excluded. These patients received filgotinib 
(Gilead Sciences, Inc., Foster City, CA, USA) 200 mg 
orally once daily for 52 weeks, and serum samples were 
collected. The tocilizumab cohort comprised five patients 
receiving standard tocilizumab (Chugai Pharmaceutical 
Co., Ltd., Tokyo, Japan) therapy according to the 
approved dosing regimen, with serum samples collected 
at baseline and post-treatment status (median 28 months 
[minimum 11 - maximum  73 months]). All patients had 
plasma-cell-type histological features on lymph node 
biopsy and were human herpesvirus 8 (HHV-8) negative. 
The baseline characteristics are summarized in Table 1.
	 This study complied with the Declaration of Helsinki 
and was approved by the Nagasaki University Hospital  
Institutional Review Board (approval No. 25111306). An 
opt-out approach was used to obtain patient consent  for 
the study.
	 The sera of the patients were analyzed using the 
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	 Residents of the town of Saza in Nagasaki prefecture 
who underwent specific health checkups in 2016 were 
used for the 41 Plex panel as controls to calculate the 
normal limits with a 95% confidence interval (approved 
by the Ethics Committee of the Nagasaki University 
Graduate School of  Biomedical Sciences, project 
registration No.: 14051404). All healthy donors had no 
past or present  medical history of inflammatory disease 
(n = 101 (59 women), mean age 58 (standard deviation: 
10) years).
	 For each cytokine/chemokine, patient values were 
normalized to healthy controls using Z-scores calculated 
as follows: Z = (patient value − healthy mean) / 
healthy SD. This normalization allowed for the direct 
comparison of different cytokines on a common scale, 
with a Z-score of |Z| ≤ 2 defined as within the normal 
range (corresponding to approximately 95% of healthy 
individuals).
	 Changes in cytokine/chemokine Z-scores from 
baseline to week 52 (ΔZ-scores) within each treatment 
group were assessed using paired t-tests. Between-group 
comparisons of ΔZ-scores were performed using Welch's 
t-test, which does not assume equal variances. Pearson's 

Milliplex® MAP Human Cytokine/Chemokine Magnetic 
Bead Panel-Premixed 41 Plex panel (Merck Millipore, 
Billerica, MA, USA) and MAGPIX® with xPONENT® 
software (Luminex Corp., Austin, TX, USA). The 
levels of 41 cytokines/chemokines were measured as 
follows: epidermal growth factor (EGF), CCL11/eotaxin, 
basic fibroblast growth factor (FGF-2/bFGF), FMS-
like tyrosine kinase 3 ligand (FLT-3 L), fractalkine, 
granulocyte colony-stimulating factor (G-CSF), 
granulocyte-macrophage colony-stimulating factor (GM-
CSF), chemokine (C-X-C motif) ligand 1 (CXCL1/
GRO-α), interferon (IFN)-α2, IFN-γ, interleukin (IL)-
10, IL-12p40, IL-12p70, IL-13, IL-15, IL-17A, IL-
17F, IL-18, IL-1 receptor antagonist (IL-1RA), IL-1α, 
IL-1β, IL-2, IL-22, IL-27, IL-4, IL-5, IL-6, IL-7, IL-
8, C-X-C motif chemokine ligand 10 (CXCL10/IP-10), 
monocyte chemoattractant protein-1 (MCP-1/CCL2), 
MCP-3, macrophage-derived chemokine (MDC), CCL3/
macrophage inflammatory protein (MIP)-1α,  CCL4/
MIP-1β, platelet-derived growth factor (PDGF)-AA, 
transforming growth factor (TGF)-α, tumor  necrosis 
factor (TNF)-α, TNF-β, vascular endothelial growth 
factor (VEGF)-A, and soluble CD40 ligand  (sCD40L).

Table 1. Characteristics of patients with idiopathic multicentric Castleman disease treated with either tocilizumab or with 
filgotinib at baseline and after treatment

Characteristics

At baseline
     Age, years, median (min−max)
     Sex, female, n (%)
     Height, cm, median (min−max)
     Body weight, kg, median (min−max)
     Treatment-naïve, n (%)
     Previous immunosuppressant, n (%)
          Prednisolone
          Others
     Concomitant immunosuppressant, n (%)
          Prednisolone 10 mg/day
          Others
     Histology, n (%)
          Hyaline vascular type
          Plasma cell type
          Mixed type
     CRP, mg/dL, median (min−max)
     Hemoglobin, g/dL, median (min−max)
     Albumin, g/dL, median (min−max)
     ECOG-PS, n (%)
          0
          1
     CHAP score, median (min−max)
     Platelet count, ×10³/μL, median (min−max)
     Immunoglobulin G, mg/dL, median (min−max)
At 52 weeks* or later**
     CRP, mg/dL, median (min−max)
     Hemoglobin, g/dL, median (min−max)
     Albumin, g/dL, median (min−max)
     ECOG-PS, n (%)
          0
          1
     CHAP score, median (min−max)

Abbreviation: CHAP: CRP, hemoglobin, albumin, + PS (ECOG), CRP: C-reactive protein, ECOG-PS: Eastern Cooperative Oncology Group-
Performance Status.  * for the filgotinib group, ** for the tocilizumab group.

Tocilizumab (n = 5)

    62 (43−69)
      2 (40)
  160 (152−172)
    55.7 (46.1−72.5)
      5 (100)

      0 (0)
      0 (0)

      0 (0)
      0 (0)

      0 (0)
      5 (100)
      0 (0)
      4.90 (3.70−7.22)
      9.3 (8.5−11.6)
      2.4 (2.4−2.7)

      4 (80)
      1 (20)
      5 (3−7)
  338 (262−456)
4,436 (3,733−4,996)

      0.01 (0.01−0.10)
    14.1 (12.6−14.3)
      4.2 (4.0−4.3)

      5 (100)
      0 (0)
      0 (0−0)

Filgotinib (n = 5)

    60 (37−61)
      2 (40)
  170 (152−176)
    73.7 (50.9−75.0)
      3 (60)

      2 (40)
      0 (0)

      1 (20)
      0 (0)

      0 (0)
      5 (100)
      0 (0)
      6.73 (2.47−7.45)
    10.1 (8.1−11.8)
      2.9 (2.5−3.3)

      2 (40)
      3 (60)
      5 (3−6)
  339 (226−556)
5,357 (4,446−5,968)

      3.30 (1.92−6.31)
    11.1 (9.4−12.3)
      3.3 (2.8−3.6)

      4 (80)
      1 (20)
      3 (1−4)
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correlation coefficients were used to evaluate inter-
cytokine/chemokine relationships and  the relationships 
between cytokines/chemokines and clinical parameters 
at baseline across all patients. Given the exploratory 
nature of the study, statistical significance was set at p 
< 0.05 without multiple testing corrections. All analyses 
were performed using R (version 4.5.0; R Foundation for 
Statistical Computing, Vienna, Austria).

3. Results and Discussion

The baseline characteristics of both treatment groups are 
summarized in Table 1. The filgotinib cohort included 
five patients (median age 60 years, range 37-61; three 
males) with plasma-cell-type iMCD. The tocilizumab 
cohort also included five patients (median age 62 years, 
range 43-69; three males). While all patients receiving 
tocilizumab were treatment-naïve, two patients receiving 
filgotinib had prior prednisolone exposure, and one was 
receiving concomitant prednisolone (10 mg/day). Both 
groups had similar baseline disease activity, as reflected 
by the median CHAP score of 5 in both groups. In the 
filgotinib group, CRP decreased from 6.73 to 3.30 mg/
dL and albumin increased from 2.9 to 3.3 g/dL, while 
CRP decreased from 4.90 to 0.01 mg/dL, hemoglobin 
increased from 9.3 to 14.1 g/dL, albumin increased from 
2.4 to 4.2 g/dL, and CHAP score improved from 5 to 0 in 
the tocilizumab group.
	 Figure 1 shows the time series of 41 cytokines and 
chemokines and clinical parameters (CRP, hemoglobin, 
albumin, and CHAP score). At baseline, both treatment 
groups showed marked elevation of multiple cytokines 
compared to healthy controls (Figure 1, green shaded 
area: mean ± 2 SD of healthy control). The most 
prominently elevated cytokines included IL-12p70 (Z = 
31.7), IL-22 (Z = 10.0), IFN-γ (Z = 9.5), IL-6 (Z = 9.1), 
and TNF-β (Z = 7.3) (Figure 2A). Additional notably 
elevated cytokines and chemokines included GM-CSF 
(Z = 4.4), TNF-α (Z = 3.7), MCP-3 (Z = 3.1), Fractalkine 
(Z = 3.0), FGF-2 (Z = 2.7), PDGF-AA (Z = 2.5), and IL-
12p40 (Z = 2.1).

3.1. Cytokine/chemokine correlations at baseline

We analyzed the correlations among 41 serum cytokines 
at baseline in 10 patients. Pearson's correlation analysis 
revealed several statistically significant cytokine 
clusters (Figure 2B). IL-6 showed significant positive 
correlations with TNF-α and TNF-β levels. IL-13 and 
IL-22 also had significant positive correlations with 
IL-6, TNF-α, and TNF-β (lower right corner of Figure 
2B). Meanwhile, IL-10, TGF-α, IL-15, and IL-1α had 
significant positive correlations with each other (upper 
left corner of Figure 2B). These separate correlation 
clusters suggest the presence of multiple inflammatory 
axes within the iMCD cytokine/chemokine network that 
may respond differently to targeted therapies.

3.2. Cytokine/chemokine correlations with clinical 
parameters at baseline

We analyzed the correlations between cytokine/
chemokine and clinical parameters (Figure 2C). CRP 
levels at baseline were significantly negatively correlated 
with G-CSF levels. Meanwhile, baseline hemoglobin and 
albumin levels were significantly positively correlated 
with MCP-1 and IL-4 levels, respectively. No cytokines 
or chemokines were significantly correlated with the 
CHAP score at baseline.

3.3. Cytokine/chemokine changes in two groups

In the filgotinib group, paired t-tests identified 12 
cytokines with statistically significant changes from 
baseline to week 52 (p < 0.05, Table 2, Figure 2D). 
The most significant decreases were observed for IL-6 
(change of Z score from baseline to 52 weeks (ΔZ)= − 
2.24, p = 0.001), IL-1RA (ΔZ = − 0.44, p = 0.003), and 
IFN-γ (ΔZ = − 5.12, p = 0.005). Additional cytokines 
that showed significant decreases included IL-2, FGF-2, 
MCP-3, IL-15, VEGF-A, EGF, IL-17A, and IL-12p40. 
MCP-1 showed a significant increase (ΔZ = + 0.45, p = 
0.013). In the tocilizumab group, paired t-tests identified 
12 cytokines with statistically significant changes (p < 
0.05, Table 2, Figure 2D). PDGF-AA showed the most 
significant decrease (ΔZ = − 1.89, p = 0.011), followed 
by MCP-3 (ΔZ = − 3.50, p = 0.013), VEGF-A (ΔZ = 
− 2.11, p = 0.023). Additional cytokines that showed 
significant decreases included IL-4, IL-17F, TGF-α, 
IL-22, TNF-β, FLT-3L, and FGF-2. As expected with 
IL-6 receptor blockade, serum IL-6 levels showed a 
significant increase (ΔZ = + 126.77, p = 0.047) due 
to impaired receptor-mediated clearance. MCP-1 also 
increased significantly (ΔZ = +1.00, p = 0.029).

3.4. Between-group comparison of cytokine/chemokine 
changes

A direct comparison of ΔZ-scores between treatment 
groups using Welch's t-test identified only three of 41 
cytokines with statistically significant differences (p 
< 0.05, Figure 2E). IL-6 showed the largest difference 
(ΔZ: − 2.24 in filgotinib vs. + 126.8 in tocilizumab, p = 
0.045), reflecting the pharmacological artifact of IL-6 
accumulation following receptor blockade. PDGF-AA 
showed greater suppression with tocilizumab (ΔZ: − 
0.50 vs. −1.89, p = 0.028), whereas IL-15 showed greater 
suppression with filgotinib (ΔZ: − 0.94 vs. −0.12, p = 
0.040).

3.5. Overall cytokine/chemokine change comparison

When comparing the overall cytokine/chemokine 
changes between the treatments, both achieved equivalent 
effects on cytokine/chemokine changes (Figure 2F). 
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Figure 1. Time-course changes in serum cytokines/chemokines and clinical parameters in patients with iMCD treated with filgotinib or 
tocilizumab. Serum levels of 41 cytokines/chemokines are shown for patients treated with filgotinib (blue line) and tocilizumab (red dashed line) 
during the treatment period. The green shaded area indicates the normal range (mean (dashed green lines) ± 2 SD of healthy controls, n = 101). 
The lower panels show the corresponding clinical parameters: C-reactive protein (CRP), hemoglobin (Hb), albumin (Alb), and CHAP score. For 
the filgotinib cohort, measurements were obtained at baseline and at weeks 4, 8, 18, 26, 34, and 52. For the tocilizumab cohort, measurements 
were obtained at baseline and post-treatment (Post-Tx; median, 28 months; range, 11-73 months).
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Using all 41 cytokines/chemokines with mean ΔZ-scores, 
filgotinib showed − 2.01 ± 2.76 versus tocilizumab + 1.44 
± 2.79 (p = 0.085), but this difference was driven entirely 
by the IL-6 artifact in the tocilizumab group. When IL-6 
was excluded from the analysis, the mean ΔZ-scores 
were also equivalent: − 2.01 ± 2.83 versus − 1.70 ± 1.61 
(p = 0.84). Using median ΔZ-scores, which are robust 

to outliers, both groups showed comparative cytokine/
chemokine changes(− 0.32 ± 0.26 (filgotinib) vs. −0.27 ± 
0.21 (tocilizumab), p = 0.74). These findings suggest that 
JAK1 inhibition and IL-6 receptor blockade may achieve 
comparable broad-spectrum cytokine suppression in 
iMCD, despite differences in their molecular mechanisms 
of action.

Figure 2. Comprehensive cytokine/chemokine analysis comparing filgotinib and tocilizumab treatment in iMCD. (A) Z-score-normalized 
baseline cytokine/chemokine profiles of all 10 patients. Blue: filgotinib, red: tocilizumab. (B) Correlation matrix of the 41 cytokines/chemokines 
at baseline across all patients. Colors indicate Pearson's correlation coefficients (red: positive correlation; blue: negative correlation). Asterisks 
denote statistical significance (*p < 0.05, **p < 0.01, ***p < 0.001). (C) Correlation between baseline cytokine/chemokine levels and clinical 
parameters (CRP, hemoglobin, albumin, and CHAP scores). Significant correlations are indicated by asterisks (*p < 0.05). (D) Z-score-
normalized cytokine/chemokine profiles of all 10 patients at 52 weeks. Blue: filgotinib, red: tocilizumab. (E) Between-group comparison of ΔZ-
scores for all 41 cytokines/chemokines. IL-6, IL-15, and PDGF-AA levels were significantly different between the treatments (Welch's t-test, p < 
0.05). (F) Overall comparison of cytokine/chemokine changes between the treatment groups. Box plots show the distribution of ΔZ-scores across 
all cytokines for each treatment, with and without IL-6. (G) Principal component analysis (PCA) trajectory plot of the 41 cytokines/chemokines. 
Arrows indicate the treatment trajectories from baseline to the endpoint for each patient. Filgotinib-treated patients are shown with solid blue 
arrows (7 timepoints); tocilizumab-treated patients are shown with dashed red arrows (2 timepoints).
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3.6. Sensitivity analysis

To address the potential confounding effect of 
concomitant prednisolone use in one filgotinib-treated 
patient, we performed a sensitivity analysis excluding this 
patient (filgotinib n = 4 vs. tocilizumab n = 5). Between-
group comparison identified three cytokines with 
statistically significant differences: FLT-3L (ΔZ: + 0.11 
in filgotinib vs. − 0.09 in tocilizumab, p = 0.002), PDGF-
AA (ΔZ: − 0.54 vs. − 1.89, p = 0.039), and IL-6 (ΔZ: 
− 2.08 vs. + 126.8, p = 0.045). IL-15 (ΔZ: − 0.71 vs. − 
0.12, p = 0.053) became borderline. The overall cytokine 
suppression equivalence was maintained: mean ΔZ-score 
− 2.12 ± 3.18 (filgotinib) vs. + 1.44 ± 2.79 (tocilizumab) 
(p = 0.13); mean ΔZ-score excluding IL-6: − 2.12 ± 
3.25 vs. − 1.70 ± 1.61 (p = 0.82); median ΔZ-score − 
0.31 ± 0.30 vs. − 0.27 ± 0.21 (p = 0.82). Within-group 
significant cytokines in the filgotinib group decreased 
from 12 to 8, consistent with reduced statistical power. 
The detailed within-group comparison is presented in 
Supplementary Table S1 (https://www.ddtjournal.com/
action/getSupplementalData.php?ID=293).

3.7. Principal component analysis with trajectories

Principal component analysis (PCA) of the 41 cytokines 
and chemokines revealed treatment trajectories in the 
multidimensional cytokine space (Figure 2G). PC1 
and PC2 accounted for 24.4% and 15.5% of the total 
variance, respectively. At baseline, patients in both 
treatment groups clustered in the upper-right quadrant, 
reflecting an elevated inflammatory cytokine state. 
Over the course of treatment, both filgotinib-treated 
(seven time points, solid blue arrows) and tocilizumab-
treated patients (two time points, dashed red arrows) 
demonstrated directional movement toward the center-
left region of the plot, representing the normalization 
of cytokine profiles toward healthy control values. The 
treatment trajectories were largely parallel between the 
two groups, indicating that JAK1 inhibition and IL-6 

receptor blockade induce similar patterns of cytokine 
modulation, despite their distinct molecular mechanisms 
of action. PCA trajectory analysis provides compelling 
visual evidence that filgotinib and tocilizumab achieve 
comparable immunomodulatory effects in iMCD from 
the viewpoint of serum cytokines and chemokines.
	 A notable and clinically important finding was 
the differential clinical response between the two 
treatment groups, despite equivalent cytokine/chemokine 
suppression. This disparity likely reflects the distinct 
mechanisms of action of these therapies and the specific 
role of IL-6 in the regulation of acute-phase proteins.
	 IL-6 is the primary driver of hepatic acute-phase 
protein synthesis, including CRP, serum amyloid A, and 
fibrinogen (19). IL-6 induces the production of positive 
acute-phase proteins while simultaneously inhibiting 
the synthesis of negative acute-phase proteins, such 
as albumin and transferrin (20). IL-6 also suppresses 
erythropoiesis by promoting hepcidin synthesis, resulting 
in hypoferremia and anemia (21). Tocilizumab achieves 
complete IL-6 receptor blockade by competitively 
inhibiting IL-6 binding to both membrane-bound and 
soluble IL-6 receptors (22), thereby comprehensively 
suppressing the acute phase response. In contrast, 
filgotinib inhibits JAK1-mediated signaling downstream 
of the IL-6 receptor but does not completely block the 
pathway, which may lead to residual IL-6 signaling 
sufficient to maintain elevated CRP levels, suppress 
albumin synthesis, and cause anemia. Additionally, the 
shorter duration of follow-up in the filgotinib cohort 
(52 weeks) compared with that in the tocilizumab 
cohort (median 28 months) may have contributed to the 
observed differences.
	 A direct comparison of ΔZ-scores between treatment 
groups using Welch's t-test identified only three of the 41 
cytokines, IL-6, PDGF-AA, and IL-15, with statistically 
significant differences (Figure 2E). Because the elevation 
of IL-6 by tocilizumab is a well-known artifact, we 
concentrated on IL-15 and PDGF-AA.
	 The preferential suppression of IL-15 by filgotinib 

Table 2. Statistically significant within-group cytokine changes (paired t-test, p < 0.05)

Cytokine/chemokine

IL-6
IL-1RA
IFN-γ
MCP-1
IL-2
FGF-2
MCP-3
IL-15
VEGF-A
EGF
IL-17A
IL-12p40

Baseline

 6.64
 0.28
 7.49
-1.32
 0.29
 3.25
 1.82
 0.69
 1.32
-1.40
 0.65
 1.35

ΔZ = Week 52 (filgotinib) or Post-treatment (tocilizumab) Z-score − Baseline Z-score.

At 52 weeks

 4.40
-0.16
 2.38
-0.86
-0.16
 0.01
 0.20
-0.25
 0.65
-1.50
-0.02
 0.16

ΔZ

-2.24
-0.44
-5.12
 0.45
-0.45
-3.24
-1.62
-0.94
-0.67
-0.10
-0.67
-1.19

p value

0.001
0.003
0.005
0.013
0.021
0.026
0.027
0.027
0.030
0.032
0.038
0.043

Cytokine/chemokine

PDGF-AA
MCP-3
VEGF-A
IL-4
MCP-1
IL-17F
TGF-α
IL-22
TNF-β
FLT-3L
FGF-2
IL-6

Baseline

  3.88
  4.37
  1.60
  0.68
 -1.43
  0.04
  0.34
11.30
  9.79
-0.67
  2.13
11.49

Post-treatment

    1.99
    0.87
   -0.51
    0.07
   -0.43
   -0.10
   -0.05
    3.52
    1.26
   -0.76
    0.52
138.27

ΔZ

-1.89
-3.50
-2.11
-0.61
1.00
-0.14
-0.39
-7.78
-8.54
-0.09
-1.62

126.77

p value

0.011
0.013
0.023
0.025
0.029
0.030
0.033
0.037
0.041
0.043
0.046
0.047

Filgotinib Tocilizumab

https://www.ddtjournal.com/action/getSupplementalData.php?ID=293
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is consistent with its mechanism of action as a JAK1 
inhibitor and provides important insights into the broader 
immunomodulatory effects of JAK1 inhibition. Upon 
IL-15 binding, JAK1 and JAK3 are recruited, leading to 
the phosphorylation of STAT3 via JAK1 and STAT5 via 
JAK3 (23). In addition, the correlation between IL-15 
and other pro-inflammatory cytokines (IL-10, TGF-α, IL-
1α) observed in our baseline analysis suggests that IL-15 
may participate in a distinct inflammatory axis within the 
iMCD cytokine network that operates independently of 
the IL-6 pathway. However, the clinical significance of 
IL-15 suppression by filgotinib remains to be elucidated. 
Despite achieving substantial IL-15 reduction, patients 
treated with filgotinib showed only modest improvements 
in CRP, hemoglobin, and albumin levels compared to 
the apparent normalization observed with tocilizumab. 
This dissociation between IL-15 suppression and modest 
clinical response suggests that IL-15 may not be a critical 
driver of core pathophysiology in iMCD with plasma-
cell-type histology.
	 Conversely, the greater suppression of PDGF-AA by 
tocilizumab warrants careful consideration in the context 
of iMCD pathophysiology. PDGF-AA transduces potent 
mitogenic signals and induces actin reorganization (24). 
In iMCD, PDGF-AA may contribute to the characteristic 
lymph node histopathology and vascular proliferation 
observed in the affected tissues. However, because serum 
PDGF-AA levels in iMCD were comparable to those in 
healthy controls in a previous study (25), further research 
on the role of PDGF-AA in the pathogenesis of iMCD is 
warranted.
	 This study has several important limitations that 
must be considered when interpreting the results. First, 
the small sample size (n = 5 per group) severely limits 
statistical power and the generalizability of the findings. 
Second, the non-randomized design—combining 
a prospective single-arm trial (filgotinib) with a 
retrospective cohort (tocilizumab)—introduces potential 
selection bias. Third, the mismatched follow-up durations 
between the two cohorts (52 weeks vs. a median of 28 
months) may have contributed to the more pronounced 
clinical improvement observed in the tocilizumab group 
as longer treatment exposure could allow for greater 
therapeutic benefit. Fourth, concomitant prednisolone use 
in one filgotinib-treated patient (10 mg/day) represents 
a confounding factor, as prednisolone possesses broad 
anti-inflammatory and cytokine-modulating properties 
that could obscure the true treatment effect of filgotinib. 
Although sensitivity analyses excluding this patient 
confirmed the robustness of the primary findings, the 
contribution of concomitant prednisolone use cannot be 
entirely excluded in the primary analysis. Given these 
constraints, the present findings should be considered 
exploratory and hypothesis-generating. Large-scale, 
prospective, randomized controlled trials are warranted 
to validate these observations.
	 In conclusion, this exploratory analysis from a 

small-sample study suggests that filgotinib may achieve 
broad-spectrum cytokine and chemokine suppression 
comparable to that of tocilizumab in patients with 
iMCD. The discordance between cytokine/chemokine 
improvement and clinical parameter improvement 
suggests the need to identify the important drivers of 
iMCD pathogenesis in addition to IL-6.
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2023 clinical guidelines
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1. Introduction

Constipation is a condition in which defecation is 
difficult, unsatisfactory, or infrequent. While constipation 
is a commonly occurring condition, chronic constipation 
may affect long-term prognosis, as it is associated with an 
increased risk of cardiovascular disease and mortality (1-
3) as well as an elevated risk of developing Parkinson's 
disease (4) and kidney disease (5). In Japan, magnesium-
based and contact laxatives have been predominantly 
used for the treatment of constipation. However, since 
the launch of lubiprostone in November 2012, multiple 
therapeutic agents with novel mechanisms of action have 
been developed, and their use has increased.
	 In the Evidence-Based Clinical Guidelines for 
Chronic Constipation 2023, published by the Japanese 
Society of Gastroenterology in July 2023, a flowchart of 
the diagnosis of chronic constipation and the associated 
therapeutic drug selection was presented (6). Prior to this 
publication, physicians provided empirical treatments in 

the absence of clearly defined treatment algorithms. In 
addition, previous surveys investigating the actual usage 
of constipation medications in Japan have suggested 
regional variations in the use of magnesium-based and 
contact laxatives (7). However, to date, no study has been 
conducted on the actual usage patterns of lubiprostone 
or subsequently launched medications, including 
linaclotide, elobixibat, naldemedine, and polyethylene 
glycol.
	 Recently, the Ministry of Health, Labour and 
Welfare (MHLW) published the Japanese National 
Health Insurance Claims and Specific Health Checkup 
Database Open Data (NDB-OD) online, providing 
several summary files based on the NDB data. The 
NDB-OD (including prescription data from April 1, 
2014, to March 31, 2015) was first released in October 
2016 and has been updated annually thereafter (8). Since 
NDB-OD can be used to understand Japanese healthcare 
in a simple and comprehensive manner, the number of 
studies utilizing NDB-OD has been increasing (6,9,10). 

DOI: 10.5582/ddt.2025.01135Brief Report
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SUMMARY: Constipation is a common gastrointestinal disorder that markedly affects health and quality of life. In 
Japan, magnesium-based and contact laxatives have long been widely prescribed. Since the launch of lubiprostone 
in November 2012, several new agents with novel mechanisms have been introduced, and their use has increased. 
However, to our knowledge, no nationwide study has examined their use. This study aimed to analyze nationwide 
trends and regional differences in the prescription of medications for constipation. We used data from the Japanese 
National Health Insurance Claims and Specific Health Checkup Database Open Data from fiscal years (FYs) 2019 to 
2023, covering the period when all currently available constipation medications were on the market in Japan, and prior 
to the inclusion of the drug selection flowchart in the Evidence-Based Clinical Guidelines for Chronic Constipation 
2023. Prescription trends were evaluated using defined daily doses per 1,000 inhabitants per day (DID), and regional 
variations were assessed using standardized claim ratios (SCRs). The DID for contact laxatives decreased during the 
study period, whereas the DID for other constipation medications increased. Magnesium oxide showed the smallest 
regional variation, whereas polyethylene glycol and linaclotide showed the largest variations in FY 2019 and FY 2023, 
respectively. Throughout the 5-year period, the highest SCRs for contact laxatives were observed in Akita, Iwate, and 
Aomori prefectures. Our findings provide a comprehensive nationwide picture of evolving constipation treatment 
patterns and regional variations in Japan, establishing baseline data for evaluating the impact of guideline dissemination 
and evidence accumulation on clinical practice.

Keywords: constipation, contact laxatives, daily dose per 1,000 inhabitants per day, standardized claim ratio
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Furthermore, epidemiological studies using NDB-OD 
may be useful for monitoring the actual usage patterns of 
medications (10).
	 This study aimed to examine the real-world use 
of constipation medications in Japan over a 5-year 
period from fiscal years (FYs) 2019 to 2023. This 
study period encompasses both the time before and 
after the introduction of the drug selection flowchart 
in the Evidence-Based Clinical Guidelines for Chronic 
Constipation 2023, which were published in July 2023, 
and predominantly precedes their publication. This 
would allow us to establish baseline data for evaluating 
the impact of guideline dissemination and evidence 
accumulation on clinical practice.

2. Materials and Methods

2.1. Data source

We obtained the 6th, 7th, 8th, 9th, and 10th NDB-OD datasets 
from the MHLW website (https://www.mhlw.go.jp/stf/
seisakunitsuite/bunya/0000177182.html; accessed July 
7, 2025); the collection periods corresponded to FYs 
2019 (April 1, 2019, to March 31, 2020), 2020 (April 
1, 2020, to March 31, 2021), 2021 (April 1, 2021, to 
March 31, 2022), 2022 (April 1, 2022, to March 31, 
2023), and 2023 (April 1, 2023, to March 31, 2024), 
respectively. The NDB-OD provides information 
about pharmaceuticals with high prescription volumes, 
categorized by three-digit therapeutic classification codes, 
and low-frequency products are excluded. Furthermore, 
the actual prescription volumes of oral medications 
with prescription volumes ≤ 1,000 are anonymized. 
Two types of files containing data on prescribed oral 
medications were available: one stratified by sex and 
5-year age groups and the other categorized by the 47 
prefectures in Japan. In this study, we extracted records 
for sennoside, sodium picosulfate, magnesium oxide, 
polyethylene glycol, lubiprostone, linaclotide, elobixibat, 
and naldemedine prescribed to inpatients and outpatients 
both within hospitals and at external pharmacies.

2.2. Assessing the time trend of constipation medication 
use nationwide in Japan

To compare the use of constipation medications in each 
FY, the defined daily dose (DDD) per 1,000 inhabitants 
per day (DID) was calculated according to the DDD of 
the World Health Organization (WHO) (ATC / DDD 
Index 2025: https://atcddd.fhi.no/atc_ddd_index/).

	 DID = (constipation medications (g, mg, μg) 
	 × 1000)/(WHO DDD or assumed DDD (g, mg, μg) 
	 × population × 365)

	 However, the WHO has not established a DDD 
for sennosides, lubiprostone, or elobixibat, and that 
for magnesium oxide (7 g) is considerably higher than 
the standard daily dose in Japan (2 g). Therefore, in 
this study, the assumed DDDs for these drugs were 
based on the dosages specified in the Japanese package 
inserts. The WHO DDDs and assumed DDDs for 
each constipation medication are presented in Table 1. 
Population data for each year were obtained from e-Stat 
(https://www.e-stat.go.jp/).

2.3. Constipation medication prescribing across regions

Based on previous reports (9,11), the standardized 
claim ratios (SCRs), adjusted for both sex ratio and age 
distribution, were calculated as an index showing the 
level of medical claims in the target prefectures relative 
to all of Japan (100 for Japan). This index was calculated 
using the following formula,
	 SCR = (Observed number of claims / Expected 
number of claims) × 100,
	 where the observed number of claims is the total 
number of claims in a target prefecture in a year, and the 
expected number of claims is the number of claims in a 
year if the situation of submitting claims (sex- and age-
specific claims rates) for all of Japan is assumed for the 
population in the target prefecture. The expected number 
of claims was calculated using the following formula,
	 Expected number of claims = ∑ [(population of a 
sex and age group in a target prefecture) × (sex and age 
specific claim rate of the sex and age group in whole 
Japan)],
	 where sex- and age-specific groups comprised 36 
groups of various combinations of sex (males, females) 

(200)

Table 1. Target constipation medications, ATC codes, and defined daily doses

Drugs

Sennosides
Sodium picosulfate
Magnesium oxide
Polyethylene glycol
Lubiprostone
Linaclotide
Elobixibat
Naldemedine

WHO ATC code
(Classification)

A06AB06 (Contact laxatives)
A06AB08 (Contact laxatives)
A06AD02 (Osmotically acting laxatives)
A06AD15 (Osmotically acting laxatives)
A06AX03 (Other drugs for constipation)
A06AX04 (Other drugs for constipation)
A06AX09 (Other drugs for constipation)
A06AH05 (Other drugs for constipation)

WHO, World health Organization; ATC, Anatomical Therapeutic Chemical; DDD, defined daily dose.

WHO DDD

NA
  5 mg
  7 g
10 g
NA
  0.29 mg
NA
  0.2 mg

Daily dosage indicated in the 
Japanese package insert

12 –24 mg
  5 –7.5 mg
  2 g
13.125 g
48 μg
  0.5 mg
10 mg
  0.2 mg

WHO DDD or assumed DDD 
value used to calculate DID

12 mg
  5 mg
  2 g
10 g
48 μg
  0.29 mg
10 mg
  0.2 mg
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DID, followed by magnesium oxide, and this ranking 
remained consistent over the 5-year period. The use of 
contact laxatives (sennosides [from 23.58 to 19.39, p < 
0.001] and sodium picosulfate [from 7.18 to 6.66, p = 
0.016]) consistently declined, whereas the use of other 
medications for constipation consistently increased. 
Polyethylene glycol showed the highest rate of increase 
in DID (slope = 0.562, p < 0.001) among all constipation 
medications. The DID of naldemedine, which is 
indicated for opioid-induced constipation (OIC), also 
showed a modest increase (slope = 0.047, p = 0.005).
	 These findings suggest that the emergence of new 
drugs for chronic constipation and their increased 
utilization may have contributed to the decline in the 
use of contact laxatives. Contact laxatives take effect 
within a few hours, but they can cause side effects such 
as watery diarrhea, abdominal pain, dehydration, and 
electrolyte imbalance (14). The long-term use of contact 
laxatives can also lead to tolerance and dependence; 
therefore, they should be prescribed with caution (15). In 
addition, the chronic use of sennosides has been reported 
to be associated with the development of melanosis 
coli, colorectal adenoma, and/or carcinoma (16-18). 
Therefore, the use of contact laxatives should be kept 
to a minimum and, whenever possible, administered on 
an as-needed basis or for short-term use. Magnesium 
oxide, an osmotically acting laxative, was also frequently 
used in Japan during the study period, and its DID 
increased slightly from 17.00 to 17.65 (p = 0.032). Cases 
of hypermagnesemia associated with magnesium oxide 
use have been reported in patients with impaired renal 
function and older patients; therefore, it is necessary 
to appropriately monitor serum magnesium levels 
and symptoms of hypermagnesemia (19,20). Another 
osmotically acting laxative, polyethylene glycol, also 
showed an increase in the DID (from 0.70 to 3.00, 
p < 0.001). Polyethylene glycol has been available 
for prescription in Japan since 2018, and it can be 
administered to children aged 2 years or older. Moreover, 
polyethylene glycol is minimally absorbed and does not 
carry specific warnings for patients with impaired renal 
function. Polyethylene glycol is a relatively new drug, and 
its cost is higher than that of magnesium oxide. Therefore, 
polyethylene glycol is primarily considered a feasible 
treatment option for patients for whom magnesium oxide 

and age groups (aged 0-4, 5-9,…., 85 and over).

2.4. Statistical analyses

Trends in the consumption of constipation medications 
were evaluated using linear regression analysis. Statistical 
significance was set at p < 0.05. To assess regional 
variation, the coefficient of variation (CV) of SCRs and 
the Pearson correlation coefficient between FYs 2019 
and 2023 were calculated. All statistical analyses were 
performed using Microsoft Excel 2018 (Microsoft Corp., 
Redmond, WA, USA) and JMP Student Edition 18 (SAS 
Institute, Inc., Cary, NC, USA).

2.5. Ethics

The data used in this study were obtained from the 
NDB-OD, a publicly available and fully anonymized 
dataset. We consulted our institutional ethics committee 
regarding the ethical handling of this study. Based on 
the consultation, it was confirmed that the NDB-OD 
consists solely of statistical information from which 
all correspondence to specific individuals has been 
completely eliminated, and therefore falls outside 
the scope of the ethical guidelines stipulated by our 
institution. Accordingly, formal ethical review and 
informed consent were not required.

3. Results and Discussion

Chronic constipation is a highly prevalent gastrointestinal 
disorder frequently encountered in gastroenterology and 
various medical specialties (12). Studies investigating the 
impact of various functional gastrointestinal disorders 
(including constipation) on survival have reported that 
chronic constipation is associated with a significantly 
higher risk of reduced survival than other disorders, 
warranting careful clinical consideration (13). Therefore, 
standardizing constipation treatment is important, 
and it is necessary to understand the current situation. 
The present study elucidated the trends and regional 
variations in the use of constipation medication in Japan 
from FY 2019 to FY 2023 using the NDB-OD.
	 The DIDs for constipation medications are shown 
in Table 2. Among them, sennosides had the highest 

Table 2. Time trends in the nationwide utilization of constipation medications (defined daily doses per 1,000 inhabitants 
per day)

Drugs

Sennosides
Sodium picosulfate
Magnesium oxide
Polyethylene glycol
Lubiprostone
Linaclotide
Elobixibat
Naldemedine

FY 2019

23.58
  7.18
17.00
  0.70
  2.03
  1.16
  0.77
  0.17

Slope

-1.033
-0.124
 0.170
 0.562
 0.119
 0.159
 0.305
 0.047

p-value

< 0.001
   0.016
   0.032
< 0.001
< 0.001
< 0.001
< 0.001
   0.005

FY 2020

22.58
  7.04
17.24
  1.44
  2.14
  1.36
  1.12
  0.19

FY 2021

21.77
  7.08
17.62
  2.03
  2.28
  1.56
  1.45
  0.23

FY 2022

20.63
  6.84
17.64
  2.46
  2.37
  1.67
  1.73
  0.28

FY 2023

19.39
  6.66
17.65
  3.00
  2.51
  1.80
  1.99
  0.36

95% CI

-1.179 to -0.887
-0.206 to -0.042
0.027 to 0.313
0.461 to 0.663
0.106 to 0.132
0.121 to 0.197
0.269 to 0.341
0.027 to 0.067
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therapy is inappropriate or insufficiently effective. In 
recent years, lubiprostone (chloride channel (ClC-2) 
activator), linaclotide (guanylate cyclase-C agonist), and 
elobixibat (ileal bile acid transporter inhibitor) have been 
approved for insurance coverage, thereby expanding the 
treatment options for chronic constipation. However, an 
established strategy for selecting drugs for patients with 
specific clinical characteristics is currently unavailable, 
and further investigation is required in this regard (6). 
Osmotically acting and contact laxatives are considered 
the preferred treatments for OIC. Strong evidence supports 
the efficacy of naldemedine, a peripheral μ-opioid receptor 
antagonist, in the treatment of OIC (21); however, owing 
to cost-effectiveness concerns, physicians differ in their 
opinions regarding its use as a first-line therapy (6).
	 The SCRs for each constipation medication in the 47 
prefectures during FYs 2019 and 2023 are displayed in a 
box plot in Figure 1. A heat map illustrating the SCRs for 
each constipation medication across the 47 prefectures in 
FYs 2019 and 2023 is presented in Figure 2. Magnesium 
oxide exhibited the least regional variation. The largest 
regional differences were observed for polyethylene 
glycol in FY 2019 and linaclotide in FY 2023. The 
highest SCR for linaclotide was observed in Tokushima 
in both years, at 198.4 in FY 2019 and 270.6 in FY 2023. 
Akita, Iwate, and Aomori had the highest utilization of 
contact laxatives (sennosides and sodium picosulfate). 

The CV of SCRs was similar between FYs 2019 and 
2023 (CV = 0.129 and 0.123, respectively), and a strong 
correlation was observed between prefecture-level SCRs 
in these years (r = 0.964), indicating that the magnitude 
and pattern of regional variation remained largely 
unchanged over time. Box plots illustrating the 5-year 
changes in the SCRs for all constipation medications 
across each prefecture are presented in Supplementary 
Figures S1-8 (https://www.ddtjournal.com/action/
getSupplementalData.php?ID=295).
	 This study clarifies regional differences in prescribing 
constipation medications across 47 prefectures in Japan. 
Previous studies have shown that the prevalence of 
constipation increases with age in both men and women, 
and it is higher in women than in men (7,22). As such, the 
SCR was used as an age- and sex-adjusted index in this 
study. Among the examined constipation medications, 
the SCR for magnesium oxide exhibited the smallest 
regional variation. The SCRs for contact laxatives were 
particularly high in Akita, Iwate, and Aomori, all of which 
are located at higher latitudes and have lower average 
temperatures. Previous studies using the NDB-OD have 
shown that the use of contact laxatives is associated with 
lower ambient temperature (7). Johanson was the first 
to report cold temperature as a global environmental 
risk factor for constipation (23). Consistent with these 
findings, the SCRs for all constipation medications 

Figure 1. Regional variation in standardized claim ratios for constipation medications across Japan's 47 prefectures: Box plots for FYs 
2019 and 2023. Sennosides and sodium picosulfate: contact laxatives; magnesium oxide and polyethylene glycol: osmotically acting laxatives; 
lubiprostone and linaclotide: intestinal secretagogues; elobixibat: ileal bile acid transporter inhibitor; naldemedine: peripherally acting μ-opioid 
receptor antagonist.

https://www.ddtjournal.com/action/getSupplementalData.php?ID=295
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investigated were > 100 in Hokkaido, which has the 
lowest average temperature, whereas the SCRs were 
< 100 for Okinawa, which has the highest average 
temperature (average temperature data for Japan were 
obtained from e-Stat [https://www.e-stat.go.jp/]).
	 This study has several limitations. First, the 
investigation was limited to the eight constipation 
medications listed in Table 1, and herbal medicines, 
suppositories, and other constipation-related medications 
were excluded. Second, for drugs without an established 
WHO DDD, or those whose WHO DDD substantially 
differed from the dosages indicated in the Japanese 
package inserts, assumed DDDs were set specifically for 
this study. Third, several potential confounding factors, 
such as other diseases or medications related to constipation 
and regional characteristics, were not considered in the 
analysis. Fourth, because this study focused solely on 
prescribed medications, it did not fully capture the actual 
burden of constipation in Japan. An internet survey of 
the general Japanese population reported that among 
those who had used laxatives, 67.5% had purchased 

over-the-counter (OTC) drugs from pharmacies (24). 
Therefore, some constipation medications are available 
both as prescription and OTC drugs, while others are 
used exclusively as prescription drugs. Consequently, 
comparing these two groups based on DID was not 
appropriate.
	 In conclusion, despite its limitations, this study 
elucidates the trends and regional differences in the use of 
constipation medication in Japan from FYs 2019 to 2023. 
In July 2023, the Evidence-Based Clinical Guidelines for 
Chronic Constipation 2023 were released in Japan, and 
these included a drug selection flowchart. The findings of 
this study are expected to serve as baseline data for future 
evaluations of the standardization of constipation treatment 
through the dissemination of guidelines and accumulation 
of evidence.
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Figure 2. Regional variation in standardized claim ratios for constipation medications across Japan's 47 prefectures: Heat maps for FYs 
2019 and 2023.
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explanation. The legend should be concise but comprehensive and 
should be understood without referring to the text. Symbols used 
in figures must be explained. Any individually labeled figure parts 
or panels (A, B, etc.) should be specifically described by part name 
within the legend.

Figure Preparation: All figures should be clear and cited in numerical 
order in the text. Figures must fit a one- or two-column format on the 
journal page: 8.3 cm (3.3 in.) wide for a single column, 17.3 cm (6.8 
in.) wide for a double column; maximum height: 24.0 cm (9.5 in.). 
Please make sure that artwork files are in an acceptable format (TIFF 
or JPEG) at minimum resolution (600 dpi for illustrations, graphs, and 
annotated artwork, and 300 dpi for micrographs and photographs). 
Please provide all figures as separate files. Please note that low-
resolution images are one of the leading causes of article resubmission 
and schedule delays.

Units and Symbols: Units and symbols conforming to the 
International System of Units (SI) should be used for physicochemical 
quantities. Solidus notation (e.g. mg/kg, mg/mL, mol/mm2/min) 
should be used. Please refer to the SI Guide www.bipm.org/en/si/ for 
standard units.

Supplemental data: Supplemental data might be useful for 
supporting and enhancing your scientific research and Drug 
Discoveries & Therapeutics accepts the submission of these materials 
which will be only published online alongside the electronic version 
of your article. Supplemental files (figures, tables, and other text 
materials) should be prepared according to the above guidelines, 
numbered in Arabic numerals (e.g., Figure S1, Figure S2, and Table 
S1, Table S2) and referred to in the text. All figures and tables should 
have titles and legends. All figure legends, tables and supplemental 
text materials should be placed at the end of the paper. Please note all 
of these supplemental data should be provided at the time of initial 
submission and note that the editors reserve the right to limit the size 

exists for each author, please state "There is no conflict of interest to 
disclose"). 

Abstract: The abstract should briefly state the purpose of the study, 
methods, main findings, and conclusions. For article types including 
Original Article, Brief Report, Review, Policy Forum, and Case Report, 
a one-paragraph abstract consisting of no more than 250 words must 
be included in the manuscript. For Communications, Editorials, News, 
or Letters, a brief summary of main content in 150 words or fewer 
should be included in the manuscript. For articles reporting clinical 
trials, the trial registration number should be stated at the end of the 
Abstract. Abbreviations must be kept to a minimum and non-standard 
abbreviations explained in brackets at first mention. References should 
be avoided in the abstract. Three to six key words or phrases that do not 
occur in the title should be included in the Abstract page.

Introduction: The introduction should provide sufficient background 
information to make the article intelligible to readers in other 
disciplines and sufficient context clarifying the significance of the 
experimental findings. 

Materials/Patients and Methods: The description should be brief but 
with sufficient detail to enable others to reproduce the experiments. 
Procedures that have been published previously should not be 
described in detail but appropriate references should simply be cited. 
Only new and significant modifications of previously published 
procedures require complete description. Names of products and 
manufacturers with their locations (city and state/country) should be 
given and sources of animals and cell lines should always be indicated. 
All clinical investigations must have been conducted in accordance 
with the Declaration of Helsinki (as revised in 2013, https://wma.
net/what-we-do/medical-ethics/declaration-of-helsinki). All human 
and animal studies must have been approved by the appropriate 
institutional review board(s) and a specific declaration of approval 
must be made within this section.

Results: The description of the experimental results should be succinct 
but in sufficient detail to allow the experiments to be analyzed and 
interpreted by an independent reader. If necessary, subheadings may 
be used for an orderly presentation. All Figures and Tables should be 
referred to in the text in order, including those in the Supplementary 
Data. 

Discussion: The data should be interpreted concisely without repeating 
material already presented in the Results section. Speculation is 
permissible, but it must be well-founded, and discussion of the wider 
implications of the findings is encouraged. Conclusions derived from 
the study should be included in this section.
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References: References should be numbered in the order in which 
they appear in the text. Citing of unpublished results, personal 
communications, conference abstracts, and theses in the reference list 
is not recommended but these sources may be mentioned in the text. 
In the reference list, cite the names of all authors when there are fifteen 
or fewer authors; if there are sixteen or more authors, list the first three 
followed by et al. Names of journals should be abbreviated in the 
style used in PubMed. Authors are responsible for the accuracy of the 
references. The EndNote Style of Drug Discoveries & Therapeutics 
could be downloaded at EndNote (https://www.ddtjournal.com/
examples/Drug_Discoveries_Therapeutics.ens).
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and length of Supplemental Data.

7. Online Submission

Manuscripts should be submitted to Drug Discoveries & Therapeutics 
online at https://www.ddtjournal.com/login. Receipt of your 
manuscripts submitted online will be acknowledged by an e-mail from 
Editorial Office containing a reference number, which should be used 
in all future communications. If for any reason you are unable to submit 
a file online, please contact the Editorial Office by e-mail at office@
ddtjournal.com

8. Accepted Manuscripts

Page Charge: Page charges will be levied on all manuscripts accepted 
for publication in Drug Discoveries & Therapeutics (Original Articles 
/ Brief Reports / Reviews / Policy Forum / Communications: $140 
per page for black white pages, $340 per page for color pages; News 
/ Letters: a total cost of $600). Under exceptional circumstances, 
the author(s) may apply to the editorial office for a waiver of the 
publication charges by stating the reason in the Cover Letter when the 

manuscript online. 

Misconduct: Drug Discoveries & Therapeutics takes seriously all 
allegations of potential misconduct and adhere to the ICMJE Guideline 
(https://icmje.org/recommendations) and COPE Guideline (https://
publicationethics.org/files/Code_of_conduct_for_journal_editors.pdf). 
In cases of suspected research or publication misconduct, it may be 
necessary for the Editor or Publisher to contact and share submission 
details with third parties including authors’ institutions and ethics 
committees. The corrections, retractions, or editorial expressions of 
concern will be performed in line with above guidelines.
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