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Abstract 
This retrospective observational study aimed to evaluate the effectiveness and hepatoprotective effects of combination therapy 
with tocilizumab (TCZ) and total glycosides of peony (TGP) in treating systemic juvenile idiopathic arthritis (sJIA). Among the 119 
sJIA patients enrolled, 49 received TCZ combined with TGP (study group) and 70 received TCZ not combined with TGP (control 
group). We compared clinical characteristics, 5 liver function indices (alanine aminotransferase [ALT]/aspartate aminotransferase 
[AST]/alkaline phosphatase/γ-glutamyltransferase/total bilirubin), transaminase (ALT/AST) Kaplan–Meier curves, and inflammatory 
indices between the groups. The study group showed significantly lower rates of abnormal ALT, AST, alkaline phosphatase, and 
γ-glutamyltransferase levels (P < .05). Among patients with abnormal liver function indices, transaminase abnormalities were the 
most common (87.50%), particularly after the first TCZ administration (44.64%). Analysis of Kaplan–Meier curves for transaminases 
for different treatment durations indicated significantly lower abnormal rates (ALT/AST > 1 and 3 × upper limit of normal) in the 
study group (P < .05). The Cox regression model and forest plot identified the group with the highest risk ratio (study group 
vs control group, hazard ratio = 3.985, 95% confidence interval: 1.997–7.952) as an independent risk factor for transaminase 
abnormalities. A comparison of therapeutic outcomes revealed a more obvious decrease in the number of patients with abnormal 
inflammation indices in the study group before and after treatment. Moreover, the erythrocyte sedimentation rate value in the study 
group at the last follow-up significantly lower than that in the control group (P < .05). The combination of TCZ and TGP effectively 
reduced inflammation and lowered the incidence of liver injury, suggesting it may be the preferred combination therapy for sJIA.

Abbreviations: ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, CRP 
= C-reactive protein, DILI = drug-induced liver injury, ESR = erythrocyte sedimentation rate, GC = glucocorticoids, GTT = 
γ-glutamyltransferase, IL-6 = interleukin-6, IQR = inter quartile range, JIA = juvenile idiopathic arthritis, K–M curve = Kaplan–Meier 
curve, NSAIDs = nonsteroidal anti-inflammatory drugs, sJIA = systemic juvenile idiopathic arthritis, TBil = total bilirubin, TCZ = 
tocilizumab, TGP = total glucosides of peony, ULN = upper limit of normal.
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1. Introduction
Systemic juvenile idiopathic arthritis (sJIA) is one of the most 
prevalent chronic rheumatic diseases in childhood and a sub-
type of juvenile idiopathic arthritis (JIA) characterized by 
intensified inflammation, heightened detrimental effects, and 
increased rates of mortality and disability.[1,2] In 2018, Ravelli 

et al[3] introduced the concept of a goal-directed treatment 
approach for JIA globally. The primary objective is to promptly 
control the inflammatory response to achieve clinical remission. 
Recent studies have indicated a substantial increase in serum 
interleukin-6 (IL-6) introduced the concept of a goal-directed 
treatment approach for JIA globally. The primary objective 
is to promptly control the inflammatory response to achieve 
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clinical remission. Recent studies have indicated a substantial 
increase in serum IL-6 levels in patients with sJIA compared 
to healthy individuals. Elevated IL-6 levels were significantly 
associated with the severity of joint symptoms and increased 
platelet counts.[4] Tocilizumab (TCZ), a fully humanized IL-6 
receptor monoclonal antibody, impedes the interaction between 
IL-6 and its receptors, thereby obstructing IL-6-mediated sig-
naling pathways.[5] Consequently, TCZ is considered an opti-
mal biological agent for sJIA treatment.[6,7] Beyond addressing 
the limitations of traditional drugs with suboptimal efficacy, 
TCZ induces fresh optimism in patients with intractable, recur-
rent, severe, and highly active disease.

TCZ, being the sole anti-IL-6R agent authorized for treat-
ment in pediatric patients with sJIA aged ≥ 2 years in China, 
holds considerable importance. Nevertheless, its long-term 
effectiveness and safety are under close scrutiny owing to its 
limited time in the Chinese market and inadequate accumula-
tion of dependable clinical data.[8–10]

Attention should be paid for monitoring the adverse effects 
such as allergies, neutropenia, and elevated liver enzymes when 
administering TCZ.[11] Specifically, elevation in serum concen-
trations of transaminases is frequently noted as an adverse 
reaction and has been reported multiple times.[12] Furthermore, 
children may be more susceptible to drug-induced liver injury 
(DILI) because of their underdeveloped liver, immature liver 
enzyme system, incomplete immune function, limited tolerance, 
and metabolic capacity for potential drug toxicity.[13] These 
adverse reactions can impede normal growth, affect vital organ 
function, and even lead to discontinuation of the targeted drug, 
presenting a significant challenge in achieving optimal therapeu-
tic outcomes. Therefore, further research is urgently required to 
enhance the safety profile of TCZ.

The optimal approach for treating sJIA is the long-term con-
current use of multiple medications rather than relying solely on 
TCZ monotherapy because of the challenges in effectively man-
aging the condition.[14] In addition to conventional drugs such 
as nonsteroidal anti-inflammatory drugs (NSAIDs), disease- 
modifying antirheumatic drugs, and glucocorticoids (GC), 
complementary medications are commonly used. Notably, the 
total glucosides of peony (TGP) have demonstrated remark-
able therapeutic benefits and superior safety profiles in adult 
patients, exerting immunomodulatory, anti-inflammatory, anti-
oxidant, analgesic, antiviral, and hepatoprotective effects.[15] 
Further investigations have revealed that TGP contains a 
variety of active ingredients and can synergistically treat dis-
eases through multiple pathways and targets.[16,17] It has a 

broad spectrum of regulatory and protective effects, making 
it a medicinal herb with substantial potential for development. 
Nevertheless, in recent years, only a limited number of Chinese 
researchers have reported improved efficacy and a positive 
safety profile of TGP in the management of JIA. Some stud-
ies have proposed that TGP combined with first-line drugs 
showed better effects on erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP), TNF-α, and rheumatoid fac-
tor.[18,19] In addition, expert Yongsong Cai stated that in their 
meta-analysis, the group that incorporated TGP demonstrated 
a reduction in the main adverse events, including liver function 
abnormalities, leukopenia, rash, stomatitis, and anorexia.[20] 
This study aimed to provide clinicians with a scientific founda-
tion for selecting appropriate treatment strategies by exploring 
the anti-inflammatory and hepatoprotective properties of TCZ 
in combination with TGP.

2. Methods

2.1. Study population

A total of 119 children diagnosed with sJIA and prescribed TCZ 
(Shanghai Roche Pharmaceutical Co., Ltd., 80 mg/4 mL) at the 
Children’s Hospital of Chongqing Medical University between 
January 1, 2014, and December 31, 2023, were included in 
this study. The research protocol was carefully reviewed and 
approved by the Ethics Committee of Children’s Hospital 
Affiliated to Chongqing Medical University.

Inclusion criteria: ① participants aged below 18 years, ② 
adherence to either the International League of Associations 
for Rheumatology classification standards (2001)[21] or the 
Pediatric Rheumatology International Trials Organization clas-
sification standards (2018),[22] ③ written consent obtained from 
all parents/legal guardians for the administration of biological 
agents, ④ TCZ was introduced following the conventional treat-
ment regimen in cases of inadequate response or intolerance to 
NSAIDs and GC, ⑤ availability of relatively comprehensive and 
retrievable medical records.

Exclusion criteria: ① times of TCZ used ≤ 3, ② extremely 
irregular TCZ dosing intervals or intervals > 6 months 
between consecutive TCZ infusions, ③ extremely irregular 
TGP dosing intervals or not taking TGP during any consec-
utive TCZ infusions, ④ history of liver dysfunction or other 
hepatic disorders within the initial 6 months before initiating 
TCZ therapy, ⑤ administration of liver protective therapy 
or liver function indices (alanine aminotransferase [ALT]/

Table 1

Comparison of general clinical data between groups.

n = 119
Study group

(n = 49)
Control group

(n = 70) Statistical value P value

Demographic characteristics
 � Sex (males/females, n) 68/51 28/21 40/30 0.000 1.000
 � Age at medication (years)* 7.70 ± 3.18 7.90 ± 3.07 7.55 ± 3.27 0.582 .562
 � Nation (national minority/Han Chinese, n) 14/105 6/43 8/62 0.019 .892
Medication characteristics
 � Times of TCZ used† 15 (9, 20) 14 (8.50, 19.00) 15 (8.75, 23.25) 0.450 .503
 � Course of treatment (Month)† 12.40 (6.10, 27.43) 12.97 (7.12, 26.44) 11.61 (5.96, 27.63) 0.003 .959
 � TCZ dose (mg/once)† 240 (230, 320) 240 (220, 280) 243 (222.5, 320) 1.886 .170
DILI‡

 � Level 1 (mild liver injury) [n (%)] 7 (5.88) 1 (2.04) 6 (8.57) 2.415 .120
 � Level 2 (moderate liver injury) [n (%)] 2 (1.68) 0 (0.00) 2 (2.86)
 � Level 3 (severe liver injury) [n (%)] 0 (0.00) 0 (0.00) 0 (0.00)
 � Level 4 (deadly) [n (%)] 0 (0.00) 0 (0.00) 0 (0.00)

TCZ = tocilizumab.
* [Mean ± SD].
† [Median (IQR)]
‡ Drug-induced liver injury (DILI) is classified into 4 levels according to the Chinese Guideline for Diagnosis and Management of Drug-induced Liver Injury (2023 Version).[19]
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aspartate aminotransferase [AST]/alkaline phosphatase 
(ALP)/γ-glutamyltransferase (GTT), and total bilirubin (TBil)) 
exceeding the normal limits by ≥1 item within the initial 3 
months before initiating TCZ therapy.

2.2. Materials and methods

2.2.1. Materials.  Employing a retrospective observational 
study approach, we used the clinical big data platform of 
the Children’s Hospital of Chongqing Medical University to 
retrieve medical records of the selected cases. This included 
essential clinical information such as sex, age, ethnicity, time 
of TCZ use, course of treatment, use of TGP in combination, 
types of other concurrent medications, and laboratory data 
such as liver function indices (ALT, AST, ALP, GTT, and TBil) 
and inflammatory indices (ESR and CRP). The normal range 
for all indices is established based on our hospital’s central 
laboratory standards: ALT (0.0–40.0 U/L), AST (0.0–45.0 
U/L), ALP (100–300 U/L), GTT (0.0–45.0 U/L), TBil (10.0–
50.0 µmol/L), ESR (0–15 mm/1 hour), CRP (<8 mg/L). Indices 

exceeding the upper limit of normal (ULN) were classified as 
abnormal.

The medication standards for TCZ and TGP in this study 
adhered to our hospital’s central pharmacy guidelines and their 
respective specifications, as detailed below: ① TCZ: 12 mg/
kg/time (weight <30 kg) or 8 mg/kg/time (weight ≧ 30 kg), 
biweekly; ② TGP: 30 mg/kg, twice a day.

2.2.2. Grouping and follow-up.  Patients who consistently 
received TGP along with TCZ treatment were included in the 
study group, while the remaining patients who did not receive 
TGP treatment constituted the control group.

This retrospective observational study included liver function 
indices and treatment outcomes across different medication pro-
tocols, which require a rigorous follow-up strategy. In light of 
some specific factors caused by the patients that could result in 
loss of follow-up, we maintained our oversight via telephone or 
outpatient consultations after each treatment discharge until we 
verified the relevant indicator outcomes after the last adminis-
tration of TCZ. As a result, the cumulative follow-up duration 
from the detection of relevant indices before the first usage of 
TCZ to the detection of relevant indices after the last usage of 
TCZ was 13.87 months (inter quartile range [IQR]: 7.50, 29.43 
months).

2.2.3. Evaluation criterion.  According to the “Chinese 
Guideline for Diagnosis and Management of Drug-induced 
Liver Injury (2023 Version),”[23] DILI is categorized into 
4 levels: mild (ALT ≥ 5 × ULN or ALP ≥ 2 × ULN and 
TBil < 2 × ULN); moderate (ALT ≥ 5 × ULN or ALP ≥ 2 × ULN 
and TBil ≥ 2 × ULN, or symptomatic hepatitis); severe 
(ALT ≥ 5 × ULN or ALP ≥ 2 × ULN and TBil ≥ 2 × ULN, or 
symptomatic hepatitis with any one of the following conditions: 
① international normalized ratio ≥ 1.5; ② ascites or hepatic 
encephalopathy, with a course of <26 weeks and no cirrhosis; ③ 
other organ failure caused by DILI); deadly (death due to DILI 
or need for liver transplantation to survive). As per the TCZ 
specification, ALT/AST > 1/3/5 × ULN was used as the basis 
for adjusting the sJIA treatment. According to the “Chinese 
expert consensus on the diagnosis and treatment of systemic 
juvenile idiopathic arthritis (2023 edition),”[24] the primary 
goal of standard treatment is to achieve clinical remission, with 
the reduction of the patient’s inflammatory indices (ESR and 
CRP levels) to the normal range serving as the primary efficacy 
evaluation criterion in this study.

Table 2

Comparison of abnormal liver function patients.

Abnormal liver 
function index n = 119

Study group 
(n = 49)

Control group 
(n = 70)

χ²/
Fisher P value

ALT [n (%)] 47 (39.50) 9 (18.37) 38 (54.29) 15.561 .000***
AST [n (%)] 42 (35.29) 7 (14.29) 35 (50.00) 16.098 .000***
ALP [n (%)] 7 (5.88) 0 (0.00) 7 (10.00) 5.206 .040*
GTT [n (%)] 20 (16.81) 3 (6.12) 17 (24.29) 6.801 .009**
TBil [n (%)] 10 (8.40) 2 (4.08) 8 (11.43) 1.179 .277
ALT/AST [n (%)]† 56 (47.06) 11 (22.45) 45 (64.29) 20.250 .000***
ALT/AST/ALP/

GTT/TBil [n 
(%)]‡

64 (53.78) 12 (24.49) 52 (74.29) 28.753 .000***

Bold values represent results with statistical significance (P < .05).
ALT = alanine aminotransferase, ALP = alkaline phosphatase, AST = aspartate aminotransferase, 
GTT = γ-glutamyltransferase, TBil = total bilirubin; ALT/AST/ALP/GTT/TBil > 1 × ULN.
*P < .05, **P < .01, ***P < .001 indicate the levels of statistical significance.
† At least 1 abnormality exists in 2 transaminase indices.
‡ At least 1 abnormality exists among the 5 liver function indices.

Figure 1.  Kaplan–Meier curve for abnormal liver function indices. (A) K–M curve of abnormal ALT, (B) K–M curve of abnormal AST, (C) K–M curve of abnormal 
ALP, (D) K–M curve of abnormal GTT, (E) K–M curve of abnormal TBil, (F) K–M curve of abnormal ALT/AST/ALP/GTT/TBil (>1 × ULN).
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2.2.4. Statistical methods.  Measurement data: data following 
a normal distribution were represented by [mean ± (standard 
deviation [SD])] (x̄±s), and comparisons of means between 
groups were conducted using an independent sample t test. 
Data not conforming to a normal distribution are represented 
as (median [IQR]) and compared between groups using the 
Kruskal–Wallis test. Counting data: data are presented as [n 
(%)], and intergroup comparisons were performed using the chi-
square test or Fisher exact test in a 2 × 2 table. The Kaplan–Meier 
(K–M) method was used to generate abnormal rate curves of 
liver indices, and differences between the groups were compared 
using the log-rank test. Regression analysis of multiple factors 
influencing liver function was conducted using the Cox model, 
and the results were inputted into GraphPad Prism 9 software 
to construct a forest plot. Statistical analysis was performed 
using SPSS 26.0 software, with P < .05 indicating significant 
differences (*P < .05, **P < .01, ***P < .001 indicating levels of 
significance in subsequent figures and tables).

3. Results

3.1. General clinical characteristics

Among the 119 patients diagnosed with sJIA, 58 were male 
and 51 were female. They received TCZ treatment for the first 
time at an average age of 7.70 years (±SD: 3.18 years). During 
the study period, the patients received TCZ treatment 15  
times (IQR: 9, 20 times), with a single therapeutic dose of 
240 mg (IQR: 230, 320 mg) and a treatment course of 12.40 
months (IQR: 6.10, 27.43 months).

The patients were categorized into a study group of 49 
patients (41.18%) and a control group of 70 patients (58.82%) 
based on the inclusion or exclusion of TGP in their treatment. 
No significant differences were observed in the general clinical 

characteristics of the groups (P > .05). Among the 9 patients 
who met the diagnostic criteria for DILI, only one in the study 
group experienced mild liver injury, whereas 8 in the control 
group experienced mild-to-moderate liver damage. None of the 
patients had severe liver injury or mortality (Table 1).

3.2. Comparison of liver function index between groups

Five key liver function indices (ALT, AST, ALP, GTT, and TBil) 
were analyzed using K–M curves, and the time at which each 
index first exceeded 1 × ULN was considered a failure event. 
The control group showed a significantly higher abnormal 
rate of ALT, AST, ALP, and GTT levels than the study group, 
with a statistically significant difference between the groups 
(P < .05). The proportion of patients with abnormal transam-
inases (ALT/AST) was 56/64 (87.50%), which was the high-
est abnormal rate among all liver function indices, showing 
the most notable difference between the groups (P < .001) 
(Table 2, Fig. 1).

3.3. Comparison of abnormal transaminase between 
groups

As one of the most sensitive indices of liver injury, transaminase 
displayed an abnormality rate of 87.50% in this study, estab-
lishing it as the primary index for comparison in subsequent 
analyses.

3.4. The initial transaminase abnormality and times of TCZ 
used

Overall, 56 patients had an ALT/AST ratio of > 1 × ULN (11 
patients in the study group and 45 in the control group). Among 

Figure 2.  Comparing initial abnormal transaminase timings in patients. The Chi-square test or Fisher exact test is used for intergroup comparison. The percent-
age in the pie chart represents the ratio of abnormal patients after the first time of TCZ used to the total number of abnormal patients in each group.
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these, 25 patients (44.64%) manifested abnormalities after the 
initial administration of TCZ, whereas 35 (62.5%) developed 
abnormalities within the first 3 TCZ administrations. No signifi-
cant differences were observed between groups (P > .05) (Fig. 2).

3.5. Comparing K–M curves of transaminase between 
groups

Among the transaminase indices measured in the enrolled patients, 
56 were > 1 × ULN, 20 were > 3 × ULN, and 7 were > 5 × ULN. 
The time when ALT/AST values first reached > 1/3/5 × ULN was 
considered a failure event for group comparison using the K–M 
curves. The incidence of abnormalities in these 3 scenarios was 
significantly lower in the study group than that in the control 
group. Significant differences were observed between the groups 
when ALT/AST > 1 and 3 × ULN (P < .001) (Table 3, Fig. 3).

3.6. Comparing the transaminase K–M curves for different 
courses

Among the 119 patients, 58 (48.74%) had treatment periods 
of ≤ 12 months, while 61 (51.26%) were treated for > 12 months. 
Analysis of ALT/AST > 1/3/5 × ULN differences between the 
groups using K–M curves indicated significantly lower abnor-
mality rates in the study group, with significant differences 
noted between the groups when patients had ALT/AST > 1 and 
3 × ULN in either treatment course (P < .05) (Table 4, Fig. 4).

3.7. Cox proportional hazards regression model

To further investigate the factors contributing to abnormal 
transaminase levels, 3 multifactorial Cox regression models 
were established, with ALT/AST > 1/3/5 × ULN as the depen-
dent variable respectively (Tables S1–S3, Supplemental Digital 
Content, http://links.lww.com/MD/O388). The results indicate 
that when the dependent variable is ALT/AST > 1 × ULN, the 

findings are the most significant and representative, as shown 
in the forest plot. Among the 10 factors examined, Cox regres-
sion analysis revealed that the group had the highest risk ratio 
(hazard ratio: 3.985, 95% confidence interval: 1.997–7.952, 
P < .001), with only the group being an independent risk factor 
affecting ALT/AST (Fig. 5).

3.8. Efficacy evaluation of inflammatory

In this study, the normalization of inflammatory indices (ESR 
and CRP) was used as a criterion to assess the effectiveness of 
sJIA treatment. Initially, all patients had abnormal inflammatory 
indices (100.00%). After treatment, the total number of abnor-
mal cases decreased to 48 (40.34%).

When comparing the number of patients with abnormal 
inflammatory indices before and after treatment, the study group 
(67.35% decrease) exhibited a slightly greater decrease than did 
the control group (54.29% decrease). However, intergroup dif-
ferences were not statistically significant (P > .05). Nevertheless, 
a comparison of posttreatment inflammation index values 
showed that ESR values in the study group were significantly 
lower than those in the control group (P < .05) (Tables 5 and 6).

4. Discussion
TCZ has garnered widespread attention both domestically and 
internationally, as the primary biological agent for treating sJIA. 
Experts such as Liu et al[10] have underscored that the occurrence 

Table 3

Comparison of abnormal transaminase patients.

Transaminase 
(ALT/AST) 1 n = 119

Study group 
(n = 49)

Control group 
(n = 70)

χ²/
Fisher P value

>1 × ULN [n 
(%)]

56 (47.06) 11 (22.45) 45 (64.29) 20.250 .000***

>3 × ULN [n 
(%)]

20 (16.81) 1 (2.04) 19 (27.14) 12.990 .000***

>5 × ULN [n 
(%)]

7 (5.88) 1 (2.04) 6 (8.57) 2.220 .237

Bold values represent results with statistical significance (P < .05).
ALT = alanine aminotransferase, AST = aspartate aminotransferase, ULN = upper limit of normal.
*P < .05, **P < .01, ***P < .001 indicate the levels of statistical significance.

Figure 3.  Kaplan–Meier curve for abnormal transaminases. (A) K–M curve of transaminase > 1 × ULN, (B) K–M curve of transaminase > 3 × ULN, (C) K–M curve 
of transaminase > 5 × ULN.

Table 4

Comparison of abnormal transaminase patients with different 
courses.

Treatment courses
ALT/

AST > 1 × ULN 1

ALT/
AST > 3 × ULN 1

ALT/
AST > 5 × ULN 1

Courses ≤ 12 months (n = 58)
 � Study group 

(n = 22) [n (%)]
5 (22.73) 0 (0.00) 0 (0.00)

 � Control group 
(n = 36) [n (%)]

21 (58.33) 7 (19.44) 2 (5.56)

 � χ²/Fisher 7.000 4.865 1.266
 � P value .008** .037* .521
Courses > 12 months (n = 61)
 � Study group 

(n = 27) [n (%)]
6 (22.22) 1 (3.70) 1 (3.70)

 � Control group 
(n = 34) [n (%)]

23 (67.65) 12 (35.29) 4 (11.76)

 � χ²/Fisher 12.451 8.956 1.300
 � P value .000*** .003** .371

Bold values represent results with statistical significance (P < .05).
ULN = upper limit of normal.
*P < .05, **P < .01, ***P < .001 indicate the levels of statistical significance.

http://links.lww.com/MD/O388


6

Gao et al.  •  Medicine (2025) 104:8� Medicine

of adverse events associated with TCZ use in children is relatively 
high, with 49% attributed to liver injury including abnormal 
liver indicators and even DILI. Although the resulting liver dam-
age is generally mild, instances of severe liver injury pose life- 
threatening risks.[25] This study retrospectively analyzed 119 
patients with sJIA treated with TCZ to investigate their hepato-
toxic effects. Only 9 patients (7.56%) met the diagnostic crite-
ria for DILI,[23] and all had mild-to-moderate cases. One major 
reason why the children in this study did not experience severe 
DILI may be the rigorous liver function monitoring protocol 

implemented in our research center. Additionally, the limited sam-
ple size and insufficient observation period for long-term safety 
could also have played a role, or it is possible that TCZ has a low 
likelihood of inducing severe DILI. However, the rate of abnormal 
liver function indices (ALT, AST, ALP, GTT, and TBil > 1 × ULN) 
were relatively high (53.78%). This type of liver injury is thought 
to be related to TCZ inhibition of the IL-6 signaling pathway, 
which is crucial for liver recovery,[26,27] as the pregnane X receptor 
is predominantly present in the liver and acts as a transcriptional 
regulator of the cytochrome P450 gene CYP3A4. TCZ triggers 

Figure 4.  Kaplan–Meier curve for abnormal transaminases with different courses. Courses ≤ 12 months: (A) K–M curve of transaminase > 1 × ULN, (B) K–M 
curve of transaminase > 3 × ULN, (C) K–M curve of transaminase > 5 × ULN. Courses > 12 months: (D) K–M curve of transaminase > 1 × ULN, (E) K–M curve 
of transaminase > 3 × ULN, (F) K–M curve of transaminase > 5 × ULN.

Figure 5.  Cox regression models and forest plots of factors influencing transaminase. Inflammatory indicators (ESR/CRP) are all from the last follow-up. ESR = 
erythrocyte sedimentation rate; CRP = C-reactive protein.
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Table 5

Comparison of abnormal inflammatory index patients.

Abnormal inflammatory index

Pretreatment Posttreatment

n = 119

Study 
group

(n = 49)

Control 
group

(n = 70) χ²/Fisher P value n = 119

Study 
group

(n = 49)

Control 
group

(n = 70) χ²/Fisher P value

ESR [n (%)] 115 (96.64) 46 (93.88) 69 (98.57) 0.777 .378 23 (19.33) 9 (18.37) 14 (20.00) 0.049 .824
CRP [n (%)] 115 (96.64) 48 (97.96) 67 (95.71) 0.023 .879 41 (34.45) 13 (26.53) 28 (40.00) 2.316 .128
ESR/CRP [n (%)]* 119 (100) 49 (100) 70 (100) 0.000 1.000 48 (40.34) 16 (32.65) 32 (45.71) 2.043 .153

CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; ESR/CRP > 1 × ULN.
* At least 1 abnormality exists in 2 inflammatory indices.

pregnane X receptor by impeding the IL-6 signaling pathway and 
enhancing the expression of CYP3A4, leading to the accumula-
tion of active metabolites and liver injury.[28]

Among the 64 patients with abnormal liver function indices, 
56 exhibited elevated transaminase levels (87.50%), consistent 
with existing literature.[29,30] Transaminases, which are sensitive 
markers of hepatocyte damage, serve as essential parameters for 
adjusting treatment according to pharmaceutical monitoring 
institutions and TCZ guidelines,[31–33] and are also key indices 
for assessing hepatotoxicity levels in this study. The majority 
of transaminase elevations were observed after the initial treat-
ment (44.64%). Studies by Hongxia Liu[10] and Ruperto et al[34] 
also noted a relatively high incidence of adverse reactions fol-
lowing initial TCZ use, emphasizing the necessity for vigilant 
scrutiny of relevant indicators and dosage adjustments during 
therapy. However, effective preventive measures against such 
liver injuries have not been reported.

To address this problem, we found that several related stud-
ies indicated that TGP can boost the activity of superoxide 
dismutase and glutathione peroxidase while inhibiting the pro-
duction of oxygen free radicals such as malondialdehyde. Thus, 
TGP may exhibit a hepatoprotective effect, likely attributed to 
its capacity to eliminate free radicals and enhance antioxidant 
enzyme activity.[35,36] Therefore, as a commonly used auxiliary 
medication for sJIA, TGP was selected as a combination therapy 
in our study to prevent and mitigate TCZ-induced liver toxic-
ity. To standardize patient cohorts and eliminate confounding 
variables from other potentially liver-toxic medications, this 
study enrolled individuals with similar medication histories 
(NSAIDs, disease-modifying antirheumatic drugs, and GC). 
Specifically adhering to the hepatotoxic drug categories outlined 
in the “Guideline for primary care of drug-induced liver injury 
(2019),”[37] any discrepancies attributable to conventional med-
ications were discounted. K–M curves for the 5 liver function 
indices were analyzed. The findings revealed notable differences 
in 4 indices (ALT, AST, ALP, and GTT), with lower abnormal-
ity rates in the study group than in the control group (P < .05). 
The transaminases demonstrating the highest prevalence of 
abnormalities were used to plot the K–M curve, revealing sub-
stantial intergroup variances when ALT/AST > 1 and 3 × ULN 

(P < .001, P < .05). Although the lack of significance observed 
when ALT/AST > 5 × ULN could be ascribed to the sample size 
limitations, the abnormality rate in the study group remained 
relatively low. A Cox proportional hazards regression model 
and forest plot were used to investigate transaminase-related 
risk factors, which indicated that this group exhibited the high-
est risk ratio, signifying a beneficial protective effect on liver 
function in patients undergoing TGP combination therapy.

Previous research[38] has indicated that TGP exerts hepa-
toprotective effects by reducing the levels of cyclic adenosine 
monophosphate, cyclic guanosine monophosphate, inflamma-
tory factors, serum ALT, and AST. It also diminishes liver tissue 
laminin and hyaluronic acid, thereby ameliorating pathological 
alterations in the liver, regulating cellular function and meta-
bolic equilibrium, and decreasing the progression of liver fibro-
sis. The use of TGP in conjunction with the targeted biological 
agent TCZ appears to be a safer option considering TGP’s mild 
effects, broad applicability, and minimal adverse reactions.[39]

Although TGP significantly inhibited TCZ-induced increase 
in transaminase levels, it is imperative to evaluate the overall 
therapeutic efficacy of this combination approach. Therefore, 
further investigations comparing intergroup inflammatory 
indices are necessary to assess the potential advantages of com-
bining TGP to alleviate this condition. Analysis of abnormal 
inflammatory indices before and after treatment revealed a more 
pronounced decrease in the study group (67.35% reduction) 
than in the control group (54.29% reduction). Additionally, the 
ESR value in the study group was markedly lower than that in 
the control group after the final treatment (P < .05), indicating 
that the concurrent use of TGP may provide additional anti- 
inflammatory benefits.

5. Conclusion
In summary, this study retrospectively analyzed 119 patients 
with sJIA over the last decade and revealed for the first time 
that combining TCZ and TGP can decrease liver injury and 
enhance anti-inflammatory effectiveness, representing a signif-
icant advancement in sJIA combination therapy.

6. Study limitation
Inevitably, several limitations should be acknowledged in this 
retrospective observational study: (1) it was a single-center study 
with an inadequate sample size, warranting expansion of the 
research unit and an increase in sample size needed for robust 
support; (2) inadequate sample size and limited observation 
duration for long-term safety could be the main factors contrib-
uting to the absence of statistical significance between the groups 
when ALT/AST > 5 × ULN; (3) improvement in the efficacy 
evaluation of clinical manifestations and disease activity scores 
is anticipated in the future to compensate for the absence of a 
more comprehensive evaluation method in this article; (4) fur-
ther research is imperative to elucidate the specific mechanisms 
of TGP’s multi-component and multi-target effects of TGP.

Table 6

Comparison of posttreatment inflammatory index values.

Inflammatory 
index n = 119

Study group 
(n = 49)

Control group 
(n = 70)

Statistical 
value (H)

P 
value

ESR (mm/1 h)† 6.00 (4.00, 
13.00)

6.00 (3.00, 
9.00)

6.00 (5.00, 
14.00)

4.664 .031*

CRP (mg/L)† 5.00 (1.40, 
8.00)

4.00 (2.00, 
8.00)

5.00 (0.98, 
8.00)

0.046 .830

Bold values represent results with statistical significance (P < .05).
CRP = C-reactive protein; ESR = erythrocyte sedimentation rate.
*P < .05, **P < .01, ***P < .001 indicate the levels of statistical significance.
† [Median (IQR)].
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