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Background: Rheumatoid arthritis (RA) is an autoinflammatory disease, its core treatment principle is
to achieve remission as soon as possible. There is no good prediction model that can accurately predict the
remission rate of patients to choose a good treatment scheme. Here, we aimed to verify the prognostic value
of some inflammatory indicators in RA and establish a prediction model to predict the remission rate after
treatment.

Methods: A total of 223 patients were enrolled at Qilu Hospital from June 2014 to June 2020. Baseline
clinical data were collected and plasma was obtained to detect the inflammatory indicators. All patients were
treated with conventional synthetic disease-modifying antirheumatic drugs (csDMARDs). All patients were
followed up and were recorded the time to reach the disease activity score-28 with erythrocyte sedimentation
rate (DAS28-ESR) of <2.6. A total of 156 patients were randomly assigned to the development cohort, and
67 patients were assigned to the validation cohort. Inflammatory indicators in plasma were detected by
enzyme-linked immunosorbent assay (ELISA). The predictive factors were screeded by using least absolute
shrinkage and selection operator (LASSO) and Cox regression. The model was created and verified by using
the standard method. A total of 6 independent risk factors were analyzed to construct a nomogram to predict
the remission rate in 3, 6 and 12 months.

Results: The remission rates after treatment in 3, 6 and 12 months were 38.76%, 58.91%, and 81.40%,
respectively. Patient age, C-reactive protein (CRP), interleukin (IL)-6, galectin-9 (Gal-9), health assessment
questionnaire (HAQ), and DAS28-ESR were included in the prognostic model to predict the remission
rate. The resulting model had good discrimination ability in both the development cohort (C-index, 0.729)
and the validation cohort (C-index, 0.710). Time-dependent receiver operating characteristic (ROC) curve,
calibration analysis, and decision curve analysis (DCA) showed that the model has significant discriminant
power and clinical practicability in predicting the remission rate.

Conclusions: We established a new predictive model and validated it. The model can predict the remission

rate in 3, 6 and 12 months after receiving csDMARDs treatment. By using this model, we can facilitate the
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identification of high-risk patients early and intervene with them as soon as possible.
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Introduction

Rheumatoid arthritis (RA) is a common autoimmune
disease which is characterized by synovial hyperplasia and
pannus infiltration, wherein various inflammatory cytokines
promote the persistence of synovial inflammation (1).
Without effective treatment, some patients are not only
prone to joint disability but also other complications, such
as cardiovascular, pulmonary interstitial, and blood system
diseases, which seriously affect their quality of life (1,2).
Although RA is still incurable, most patients can achieve
remission or low disease activity (LDA) through effective
treatment (3). Effective treatment of RA relies on early
diagnosis and swift initiation of treatment. The disease
activity score-28 for RA with erythrocyte sedimentation rate
(DAS28-ESR) is one of the most widely used indicators to
measure disease activity. The clinical remission threshold is
defined as DAS28-ESR <2.6. The core treatment principles
of RA are shared decision-making and regular review with
a target of remission or LDA (within 3-6 months or as long
as possible) to ensure optimal outcomes (4-6). However,
the concept of treat-to-target (IT2T) can only be realized in
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some patients, and patients who are resistant or intolerant
to conventional synthetic disease-modifying antirheumatic
drugs (csDMARDs) have to adjust the treatment scheme
to a combination of csDMARDs and targeted DMARDs
(tDMARDs) (7). The main reason is that the early
intervention for RA patients is insufficient, and patients
with poor therapeutic effects cannot be screened out in the
early stage.

In the past decade, significant progress has been made
in targeting cytokines as a treatment for RA. Cytokines are
closely related to every stage of RA, and their complex role
greatly promotes the development of arthritis. Targeted
cytokine therapy has made great progress as a therapeutic
regimen for RA, but the role of these inflammatory factors
in disease prediction, prognosis, and recurrence remains
controversial (8). Interleukin-6 (IL-6) is a very important
pro-inflammatory factor in the occurrence and development
of RA as it can regulate the inflammatory response,
angiogenesis, and bone metabolism (9). Galectin-9 (Gal-9)
is a tandem repeat glycoprotein in the galactose lectin
family (10). Previous studies have confirmed that tumor
necrosis factor-o. (TINF-a) can stimulate high expression
of Gal-9 in vascular endothelial cells iz vitro (11,12), and
exogenous Gal-9 can promote RA progression by inducing
angiogenesis (13). It has been shown that that plasma Gal-9
is closely related to disease activity, TNF-a, and vascular
endothelial growth factor (VEGF) level in RA patients,
and both plasma and T cell subsets of Gal-9 can reflect
the therapeutic response effect of csDMARDs to a certain
extent (14). The serum levels of the above-mentioned
cytokines can be accurately measured in active RA disease.
Theoretically, they can be used for the diagnosis and
prognosis of RA. However, at present, no single index
can be used to predict patient prognosis. Therefore, it is
necessary to combine biomarkers, clinical symptoms, and
objective indicators to objectively measure the prognosis of
patients and their response to treatment.

Predictive models have been established in many
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autoimmune diseases to evaluate the individual probability
of clinical remission, such as the duration of remission, and
have provided a more accurate individual risk assessment
method than the traditional staging system. The use of
nomograms to assess the individual probability of clinical
events in autoimmune diseases provides a more accurate
individual risk assessment method compared with the
traditional staging system (15-17). However, most of the
established nomograms in RA only predict the disease
activity of patients based on their clinical characteristics
(18,19). There is no good prediction model that can
accurately predict the remission rate of patients to choose a
good treatment scheme. The combination of disease activity
indicators and inflammatory factor indicators helps to
combine subjective symptoms with objective examinations,
comprehensively evaluate the current disease status of
patients, and make the prediction model more accurate and
effective. Currently, only a few cytokines are included in
these nomograms to predict disease activity, and there are
no reports of predictive models for the therapeutic efficacy
of csDMARD:s.

In this study, we evaluated the significance of cytokine
expression levels closely related to disease activity in RA
plasma samples and verified the predictive potential of these
inflammatory factors in RA for therapeutic efficacy. More
importantly, we further constructed a nomogram based on
baseline inflammatory factors levels and disease activity
indicators (DAIs), which showed significant discrimination,
accuracy, and clinical applicability in predicting prognosis.
We present the following article in accordance with the
TRIPOD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-5791/rc).

Methods
Patient information

The study involved the medical records of RA patients
with moderate and severe disease activity (DAS28-ESR
of >3.2) who received csDMARDs in the Outpatient
Department of Rheumatology, Qilu Hospital, Shandong
University (Shandong, China) from June 2014 to June
2020. All cases met the RA standard of the American
College of Rheumatology (ACR) in 1987 or 2010 the ACR/
European League Against Rheumatism (EULAR) criteria.
The inclusion criteria were as follows: (I) age >18 years;
(II) no pregnancy preparation or pregnancy planned
within 6 months; (III) stable extraarticular manifestations;
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(IV) DAS28-ESR of >3.2. The exclusion criteria were
as follows: (I) patients receiving biological agents within
3 months; (I) patients with liver and kidney dysfunction;
(III) patients with acute and chronic infection; (IV) patients
with a history of malignant tumor; (V) patients with severe
hypertension, diabetes, coronary heart disease, or other
autoimmune diseases. All patients who participated in this
study signed an informed consent form, and this study was
approved by the Human Research Ethics Committees of
Qilu Hospital (KYLL-2015-269; 2016072). The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). Sample sizes were calculated by R
software (The R Foundation for Statistical Computing,
Vienna, Austria). Participants were randomly divided into
the development cohort and validation cohort by R software
at an approximate ratio of 7:3 to establish and verify the
prediction model.

Treatment and follow-up

After collecting a detailed medical history and performing
a comprehensive physical examination, the clinical
information of all patients was recorded, including age,
gender, course of disease, erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), tenderness joint 28 count
(T28), swelling joint 28 count (SW28), patient global
assessment (PGA), physician global assessment (PHGA),
health assessment questionnaire (HAQ), and DAS28-
ESR. PGA was scored using a visual analogue scale (VAS).
Depending on the type of score used, the PGA can range
from 0-10 cm. Higher scores represent a higher level of
disease activity or a worse global health. PHGA was scored
on a scale of 0 defined as absence of disease activity to
10 defined as maximum disease activity, based on an overall
assessment of disease activity in the past weeks. DAS28-
ESR was calculated as 0.56 x V(T28) + 0.28 x \(SW28) + 0.7
x In ESR + 0.014 x VAS-GH. Plasma was collected to detect
the levels of TNF-a, VEGE, Gal-9, and IL-6. The patients
were treated with 1 or more combinations of methotrexate
(MTX), leflunomide (LEF), hydroxychloroquine (HCQ),
iguratimod (IGU) and tacrolimus (TAC). Some patients
were also treated with glucocorticoid (GC) and non-
steroidal anti-inflammatory drugs (NSAIDs). At each visit,
the physician made adjustments to the medication regimen
according to the disease activity and medicine response and
tolerance to ensure the stability of the patient’s treatment
strategy. The follow-up was planned at 0, 3, and 6 months
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within the first 6 months, and then every 3 months. The
maximum follow-up time was 36 months. Many patients
were not followed up at the planned time point, but we
accurately recorded the appointed time and disease activity
evaluation of each follow-up visit. If clinically necessary, we
arranged additional follow-ups. The first remission time
was defined as the time from the beginning of treatment
to the first observation of DAS28-ESR of <2.6. There
were 4 forms of observed end events: (I) DAS28-ESR of
<2.6 had been reached at the time of analysis; (II) traditional
DMARDs drugs were continued when DAS28-ESR of
<2.6 had not been reached at the time of analysis; (III) at the
last observation, patients who not reached a DAS28-ESR
of <2.6 were changed to biologic DMARDS (bDMARDs)
or tDMARDs; (IV) the patient was lost after the last

observation.

Statistical methods

The software SPSS 25.0 (IBM Corp., Armonk, NY,
USA) and R version 4.0.2 (The R Foundation, Boston,
MA, USA) were used for statistical analysis, and the
frequency and proportion of classified variables were
described. Continuous variables were described using
median [interquartile range (IQR)] or mean [standard
deviation (SD)]. Student’s #-test was used to test continuous
measurements between study groups, and either the chi-
square test or Fisher’s exact test was used for classified
measurements. The best critical value of plasma
inflammatory factor level was calculated according to the
Cutoff Finder package in R, and the patients were divided
into subgroups. The first remission time between subgroups
was compared by Kaplan-Meier analysis of the log rank test.
Least absolute shrinkage and selection operator (LASSO)
regression was used to screen the 14 variables at baseline.
Univariate Cox regression analysis and multivariate Cox
regression analysis were performed for the screened
variables, and the prediction model was established to draw
the nomogram. The prediction model was evaluated by
3 aspects: discrimination, calibration, and clinical net
income; c-index was calculated, and the time-dependent
receiver operating characteristic (ROC) curve was used
to evaluate the discrimination ability of the model. A
calibration curve was used for the inspection and evaluation
of calibration capability. Decision curve analysis (DCA) was
used to evaluate clinical effectiveness. A P value of <0.05
was considered statistically significant.
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Results
Clinical characteristics of patients

A total of 223 patients provided baseline blood samples
and had at least 1 follow-up, of which 156 patients were
assigned to the development cohort, and 67 patients were
assigned to the validation cohort (Figure I). There were no
significant differences in baseline demographics, clinical
characteristics, and inflammatory factor levels between the

2 cohorts (Table I).

Prognostic value of inflammatory factors

In the development cohort, the median first remission
time was 8 months [95% confidence interval (CI):
4.01-11.98 months], and the remission rates in 3, 6, and
12 months were 38.76%, 58.91%, and 81.40%, respectively.

For the measured inflammatory indexes, the best cutoff
value was calculated by using the biometric tool cutoff
finder, and the patients were divided into 2 subgroups. We
found that the first remission time for patients with IL-6 of
<9.03 pg/mL (6 months, 95% CI: 1.46-10.54 months) was
shorter than that for patients with IL-6 of >9.03 pg/mL
(15 months, 95% CI: 3.53-26.47 months) (log rank,
P=0.03). The first remission time for patients with Gal-9 of
<4,490 pg/mL (4 months, 95% CI: 2.56-5.44 months) was
shorter than that for patients with Gal-9 of >4,490 pg/mL
(15 months, 95% CI: 11.27-18.73 months) (log rank,
P=0.000). We also found that TNF-a, VEGEF, and other
indexes alone had no significant predictive ability for the
first remission time (Figure 2).

Establishment of prognosis model based on inflammatory
factors and disease activity

There were 14 clinical features and inflammatory indicators
in the development cohort. LASSO regression analysis was
used to select the best 6 potential predictors, which were
age, CRP, IL-6, Gal-9, HAQ, and DAS28-ESR (Figure 3).
Univariate Cox regression analysis was run for these
6 predictors, and it found that Gal-9, I1L-6, HAQ, and
DAS28-ESR were significantly correlated with the first
remission time. When multiple logistic regression analysis
was performed, Gal-9, IL-6, and DAS28-ESR were still
significantly correlated with the first remission time (7able 2).
Then, we used the above-indicated 6 predictors to construct a
nomogram for predicting the first remission time. It showed
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Figure 1 Flow chart of this study. DAS28-ESR, disease activity score
bDMARDS, biologic disease-modifying anti-rheumatic drugs.

that IL-6, Gal-9, and other indicators had a significant impact
on the prognosis (Figure 4). The C-index of the development
cohort was 0.73 (95% CI: 0.56-0.90). The C-index of the
validation cohort was 0.70 (95% CI: 0.53-0.88). The time-
dependent ROC curve analysis showed that the nomogram
based on inflammatory factors and disease activity had
significant discrimination in predicting remission. The
higher the nomogram score, the shorter the first remission
time. According to the nomogram, the areas under the curve
(AUC:s) of the development cohort at 3, 6, and 12 months
were 0.76, 0.82, and 0.73, respectively (Figure 5). The
calibration map showed the best consistency between
nomogram prediction and actual observation (Figure 6). We
used DCA to analyze the clinical usefulness. The results
showed that the nomogram demonstrated the net benefit of
nomogram-assisted decisions at a wide range of threshold

probability (Figure 7).

Application of the prognosis model

According to the risk score calculation constructed by the

-28 for rheumatoid arthritis with erythrocyte sedimentation rate;

nomogram, the risk score of each participant was calculated
in the development cohort. The Cutoff Finder calculated the
best critical value of the risk score (192.5 points) and divided
the whole group of patients into high-risk and low-risk risk
groups. In the development cohort, the first remission time of
the low-risk group was 4 months (95% CI: 3.12-4.89 months),
and the first remission time in the high-risk group was
17.0 months (95% CI: 13.45-20.54 months) (P=0.000). In
the validation cohort, the first remission time in the low-risk
group was 6 months (95% CI: 3.00-9.00 months), and the first
remission time in the high-risk group was 18.0 months (95%

CI: 12.91-23.10 months) (P=0.000) (Figure §).

Discussion

The goal of RA treatment is to rapidly achieve and maintain
remission. Accurate measurement of the first remission
time in the early stage of treatment is of great significance
for the selection of a treatment plan and management of
chronic diseases (20). The T2T recommendations are a
treatment method adjusted to set time intervals to achieve
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Table 1 Baseline characteristics of patients with RA

Sun et al. Prediction of therapeutic efficacy of RA

Characteristic Development cohort (n=156) Validation cohort (n=67) P value
Age, mean + SD, years 48.22+11.44 47.27+10.98 0.60
Sex(male/female) 20/136 11/56 -
Disease duration, median (IQR), months 12 (6-36) 12 (3-36) 0.77
ACPA", rate (%) 75.20 78.20 0.66
ESR, mean = SD, mm/h 48.45+29.71 52.11+32.31 0.46
CRP, mean + SD, mg/L 14.69+20.38 17.25+18.38 0.42
TNF-a, median (IQR), pg/mL 3.36 (2.99-5.66) 3.30 (2.94-4.80) 0.49
VEGF, median (IQR), pg/mL 91.15 (41.53-317.58) 80.66 (40.08-208.66) 0.72
IL-6, median (IQR), pg/mL 4.71 (2.54-14.79) 10.35 (2.85-16.67) 0.31
Gal-9, median (IQR), pg/mL 5,240.00 (3,180.00-8,640.00) 5,000 (3,240.00-9,440.00) 0.40
T28, mean + SD 8.33+4.17 9.15+5.6 0.27
SW28, mean + SD 5.42+4.02 6.00+5.63 0.43
PGA, mean + SD 2.72+0.94 2.91+1.13 0.24
PHGA, mean + SD 2.92+0.79 3.05+0.89 0.32
HAQ, mean + SD 0.43+0.37 0.43+0.27 0.98
DAS28-ESR, mean + SD 4.72+0.83 4.85+0.9 0.24
DAS28-CRP, mean + SD 3.87+0.78 4.06+0.95 0.32
GC combination rate (%) 41.09 32.73 0.29
MTX combination rate (%) 60.47 70.91 0.18
HCQ combination rate (%) 70.54 81.82 0.11
T-614 combination rate (%) 60.50 61.80 0.86
FK506 combination rate (%) 39.50 38.20 0.86

RA, rheumatoid arthritis; SD, standard deviation; IQR, interquartile range; ACPA, anticitrullinated protein antibody; ESR, erythrocyte
sedimentation rate; CRP, C-reactive protein; TNF-a, tumor necrosis factor-a; VEGF, vascular endothelial growth factor; IL-6, interleukin-6;
Gal-9, galectin-9; T28, tenderness joint 28 count; SW28, swelling joint 28 count; PGA, patient global assessment; PHGA, physician global
assessment; HAQ, health assessment questionnaire; DAS28-ESR, disease activity score-28 for rheumatoid arthritis with erythrocyte
sedimentation rate; DAS28-CRP, disease activity score in 28 joints using C-reactive protein; GC, glucocorticoid; MTX, methotrexate; HCQ,

hydroxychloroquine; T-614, iguratimod; FK506, tacrolimus.

clear clinically relevant goals (21). The selection of targets
for standard treatment is based on medical evidence.
Large randomized clinical trials have shown that the T2T
treatment strategy produces better results compared with
standard treatment. However, the implementation of T2T
in autoimmune diseases is much more complicated, and
the goal related to reaching the standard is not a single
parameter but requires the combined scores of multiple
clinical and laboratory changes (22). Compared with
standard treatment, T2T has a better response to treatment,

© Annals of Translational Medicine. All rights reserved.

higher remission rate, and less imaging detectable damage
in RA patents (23,24). The patients in this study had high
compliance and good overall efficacy. All patients in our
cohort studies had moderate-to-severe disease activity,
and there were many poor prognostic factors. However,
no matter which index, the DAS28-ESR, DAS28-CRP,
simplified disease activity index (SDAI), or clinical disease
activity index (CDAI), is used to describe disease activity;
most patients can achieve remission within 12 months after
treatment with csDMARDs and remain stable in the long-
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Figure 2 Kaplan-Meier analysis of first remission time according to baseline TNF-a (A), VEGF (B), IL-6 (C), Gal-9 (D) in the development
cohort. TNF-o, tumor necrosis factor-o; VEGE, vascular endothelial growth factor; IL-6, interleukin-6; Gal-9, galectin-9.

22 21 17 14 8 2

2.0 4~

Coefficients

T T T T T T
-7 -6 -5 -4 -3 -2
Log lambda

222222212121 1919171717 1514141310 875552 11 1

6.0

5.5

5.0

Partial likelihood deviance

T T T T T T
-7 -6 -5 -4 -3 -2
Log, A

Figure 3 LASSO regression procedure in the development cohort. LASSO, least absolute shrinkage and selection operator.

term follow-up. Our research provides better practical
significance for T2T implementation. However, there
are always some patients who cannot achieve remission in
the long-term treatment follow-up, which requires us to
screen these patients at an early stage and select a stronger
treatment scheme.

The pathological feature of RA is the infiltration of
immune and inflammatory cells into the joint synovium,
which prolifically secrete inflammatory factors (25,26).
Different inflammatory factors can coexist in the

© Annals of Translational Medicine. All rights reserved.

inflammatory microenvironment of RA and reach a certain
level in the serum. These inflammatory factors play a
synergistic, antagonistic, or non-interference role in the
occurrence, development, and response to RA treatment (27).
No matter the role of these inflammatory factors, they may
be related to disease activity and have certain prognostic
value. In patients with RA, high levels of IL-6 can be
detected in synovial fluid, suggesting that IL-6 is a crucial
factor in RA. The cytokine IL-6 induces nuclear factors «
molecules, such as B receptor activator ligand (RANKL),
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Table 2 Univariate and multivariate analysis of factors associated with first remission time according to the Cox Proportional Hazards Model

Univariate Multivariate
Variable
HR 95% ClI P value HR 95% CI P value

Age, years

<45 vs. >45 0.69 0.43-1.12 0.13 0.75 0.46-1.21 0.24
CRP

<10vs. >10 0.87 0.53-1.42 0.57 1.56 0.87-2.82 0.14
IL-6

<9.04 vs. >9.04 0.58 0.34-0.97 0.04 0.54 0.31-0.95 0.03
Gal-9 < 0.01 0.03

<4,490 vs. >4,490 and <8,980 0.37 0.18-0.73 < 0.01 0.43 0.21-0.89 0.02

<4,490 vs. >8,980 0.44 0.26-0.77 < 0.01 0.51 0.29-0.90 0.02
HAQ

<0.5vs. >0.5 1.71 1.01-2.9 0.05 0.65 0.36-1.17 0.15
DAS28-ESR

<5.3vs. >5.3 0.56 0.34-0.93 0.02 0.50 0.28-0.87 0.01

HR, hazard ratio; Cl, confidence interval; CRP, C-reactive protein; IL-6, interleukin-6; Gal-9, galectin-9; HAQ, health assessment
questionnaire; DAS28-ESR, disease activity score-28 for rheumatoid arthritis with erythrocyte sedimentation rate.
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Figure 4 The nomogram for predicting the remission rate of RA after treatment. CRP, C-reactive protein; IL-6, interleukin-6;
Gal-9, galectin-9; HAQ, health assessment questionnaire; DAS28-ESR, disease activity score-28 for rheumatoid arthritis with erythrocyte
sedimentation rate; RA, rheumatoid arthritis.
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Figure 5 ROC curve analysis showed the discriminatory ability
of nomogram for predicting 3, 6, 12 months remission rate after

treatment. AUC, area under the curve; ROC, receiver operating
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prostaglandins, and matrix metalloproteinases, which
mediate signs and symptoms of RA, such as pain and
swelling (28). Previous studies have shown that the level of
IL-6 is usually regarded as a marker for most infectious and
inflammatory diseases (29,30). Especially after the advent of
IL-6 antagonists, the correlation between the level of IL-6
and the prognosis of patients using IL-6 antagonists have
been continuously reported (31,32). This evidence shows
that IL-6 has a strong predictive effect on the prognosis.
The cytokine Gal-9 plays an important role in cell
adhesion, aggregation, and cell death and is closely related
to the occurrence and development of RA (33). According
to existing reports, the functions of Gal-9 are complex
and even contradictory. Knockout of Gal-9 by small
interfering RNA (siRNA) can induce apoptosis of synovial
fibroblasts in RA. Our own research has also shown that
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Figure 6 The calibration curves for predicting RA patients’ postoperative 3, 6, and 12 months remission rate. The calibration curve of

the probability of remission rate in development cohort for 3 months (A), 6 months (B) and 12 months (C). The calibration curve of the

probability of remission rate in validation cohort for 3 months (D), 6 months (E) and 12 months (F). The x-axis and y-axis represent the

nomogram-predicted probability and the actual probability of remission rate, respectively. The perfect prediction would correspond to the

slope line that makes a 45° angle. The solid black line represents the actual probability. RA, rheumatoid arthritis.
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when C57BL/6 mice were injected with Gal-9 directly into
the knee, the inflammation and monocyte migration were
significantly higher than those in the negative control (34).
This suggests that endogenous and exogenous forms of
Gal-9 play opposite roles in regulating the occurrence and
development of RA, and the role of Gal-9 in RA needs to be
investigated in further research. No matter the role Gal-9
plays in RA, our previous studies have confirmed that Gal-9
can distinguish RA patients from normal controls and it
has shown the potential to predict treatment results (13).
In addition, there is a correlation between Gal-9, adverse
clinical outcomes, and therapeutic potential of some
autoimmune diseases (35,36), including systemic lupus
erythematosus and dermatomyositis. In this study, we
detected the expression of IL-6 and Gal-9. Our results
showed that IL-6 and Gal-9 were closely related to the
remission rate of patients, showed good discrimination
ability, and were tested as factors predicting the time of the

© Annals of Translational Medicine. All rights reserved.

first remission.

Currently, the prediction of RA prognosis mainly
includes the evaluation of disease activity, autoantibodies,
and genetics. However, these indicators are mainly based on
the stratification of RA patients, and there is no appropriate
tool to predict the remission time and rate. We used LASSO
regression to select and model the variables of 14 clinical
features and inflammatory indexes in the way of punishment.
Being different from other statistical modeling methods,
the LASSO process uses shrinkage attributes, and the
selected variables are more stable (37). A nomogram is a
statistical model developed to maximize prediction accuracy.
The tool shows advantages in individualized prognosis
prediction of various autoimmune diseases (38). However,
most nomograms established for RA patients thus far
mainly focus on the prediction of recurrence or sustained
remission by clinical characteristics. In this study, we
established a nomogram based on combined inflammatory
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indicators and disease activity to provide a personalized
prediction for patients treated with csDMARDs. In addition
to inflammatory indicators, the nomogram also included 2
other independent indicators for evaluating disease activity,
namely HAQ and DAS28-ESR, to predict the remission rate.
Similar additions have been reported by other teams (39).
The nomogram showed strong discrimination and
considerable stability in the first remission time of patients.
It is a simple, useful, and reliable prognostic tool.

This study had several limitations. First, unlike in
randomized controlled trials, selection bias is inevitable
in this real-world analysis. Although the baseline disease
activity and therapeutic drugs of the development and
the validation cohorts are matched, the possibility that
other potential confounding factors may affect the
outcome measurement cannot be ruled out. Importantly,
many patients did not strictly follow the visit schedule in
the study. Second, this was a single-center study with a
relatively small sample size and a lack of external validation.
Further research will require a larger sample cohort and
multicenter validation. Additionally, these inflammatory
factors or nomograms cannot predict sustained remission,
nor can they make recommendations for the selection of
csDMARDs. More studies are needed to clarify the value
of inflammatory factor levels in the choice of treatment
options for RA.

Conclusions

In conclusion, we studied the expression of inflammatory
factors in the plasma of RA patients. The prognostic value
of serum inflammatory factors has been shown not only
in predicting the remission rate of csDMARDs treatment,
but has also been applied to the personalized prediction of
remission time to provide better clinical decision-making.
These data support the valuable potential of IL-6 and Gal-9
levels in autoimmune diseases and show that evaluating the
level and balance of inflammatory factor levels can provide
useful information for accurate prognosis prediction of drug
treatment of csDMARD:s.

Baseline IL-6 and Gal-9 levels can predict the first
remission time after treatment of csDMARDs. Biomarkers
need to be combined with patients’ clinical symptoms
and objective indicators to measure patients’ response to
treatment.

In this study, we verified the prognostic value of cytokines
such as Gal-9, IL-6 and some indicators that can reflect the
disease activity, and we built a predictive nomogram in the

© Annals of Translational Medicine. All rights reserved.
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RA patients. The nomogram had a strong predictive ability
for the remission rate of patients in 3, 6 and 12 months,
which is helpful to facilitate the identification of high-risk
patients early and intervene with them as soon as possible.
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