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Abstract

Introduction: Rheumatoid arthritis (RA) is a chronic autoimmune disease significantly impacting
patients’ quality of life (Qol) and necessitating complex, long-term treatment. This study aimed to
assess the long-term therapeutic outcomes of biologic therapies in a real-world clinical setting, fo-
cusing on the achievement and maintenance of low disease activity (LDA) among RA patients, while
also investigating factors influencing these outcomes.

Material and methods: A retrospective observational analysis was conducted on 190 RA patients
receiving tumor necrosis factor a. (TNF-a) or interleukin (IL)-6 inhibitors. Disease activity was eval-
uated using the Disease Activity Score 28 (DAS28) at baseline, 6 months, and 12 months. Based on
the DAS28 with C-reactive protein (DAS28-CRP) values, the disease was categorized into 2 main
groups: remission/low activity (target achieved) when the DAS28-CRP value was less than 3.2, and
insufficient therapeutic response when the value exceeded 3.2.

Results: The study group consisted of 190 RA patients, predominantly women (85.8%), with a mean
age of 58.7 years and a disease duration of 12.5 years. We found that 45.8% of patients achieved
single-point LDA, with 39.5% sustaining this response after 12 months. Notably, comorbidities such
as diabetes and smoking negatively affected the likelihood of maintaining LDA. Statistical analysis
revealed that patients without diabetes had a significantly higher chance of retaining sustained LDA
(OR =0.100; p = 0.014).

Conclusions: These findings emphasize the need for personalized treatment approaches that con-
sider comorbidities and lifestyle factors to enhance long-term therapeutic efficacy in RA manage-
ment. Consequently, this study highlights the critical importance of ongoing monitoring and indivi-

dualized strategies to improve outcomes and QoL for patients with RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune
disease with aprofound impact on quality oflife (QoL), ne-
cessitating complex, long-term treatment strategies [1].
Functional disability and chronic pain are key contribu-
tors to diminished Qol, often leading to reduced work
capacity, absenteeism, and productivity loss. These chal-
lenges, compounded by prolonged disease duration,
frequently contribute to comorbidities, including a num-
ber of cardiovascular conditions and depression [2]. On

the other hand, pain and disability are the strongest
predictors of work instability [3]. Sick leave represents
a significant source of financial burden, which can be
mitigated through early diagnosis and prompt initiation
of disease-modifying antirheumatic drugs (DMARDSs).
The treat-to-target strategy (T2T), emphasizing early
DMARD use, is associated with improved QoL and re-
duced disability [4, 5]. Achieving and maintaining low dis-
ease activity (LDA) or remission is a primary therapeutic
goal, offering better long-term outcomes and enhanced
health-related QoL [6, 7]. Advances in biological therapies
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targeting key inflammatory mediators such as tumor ne-
crosis factor o (TNF-o) and interleukin-6 (IL-6) have signifi-
cantly reduced disease activity, alleviating pain and dis-
ability while improving overall QoL for many patients [8].

The long-term outcomes of these therapies in real-
world settings remain insufficiently studied, regarding
both the achievement and maintenance of the thera-
peutic response. In clinical practice, a significant portion
of patients with RA suffer from comorbid conditions
that may impact the sustainability of the therapeutic
response to biological therapy, especially concerning
various comorbidities [9]. Clinical registries have been
established and are continuously evolving to monitor
patient characteristics, disease activity, and the effec-
tiveness and safety of new therapeutic agents [10].

Preliminary evidence suggests that comorbidities,
such as diabetes and overweight/obesity, may signifi-
cantly hinder the achievement of favorable long-term
therapeutic outcomes with both synthetic and biologic
DMARDs in RA patients, and may notably impact the
retention of the therapeutic response [11]. The need
for further investigation into these factors is crucial to
optimize long-term treatment efficacy and to develop
personalized therapeutic approaches.

The present study aimed to determine the proportion
of patients receiving biologic therapies in real-world cli-
nical practice who adequately respond to treatment and
achieve LDA, as well as the proportion of patients who
maintain this response after 12 months. A secondary ob-
jective was to identify factors and comorbidities related
to therapeutic outcomes and the ability to maintain LDA
or remission.

Material and methods
Study design and setting

The study was conducted as a retrospective, obser-
vational, single-center study that included patients with
RA undergoing long-term biologic therapy.

The study was conducted at the Rheumatology Clinic
at St. Marina University Hospital, Varna, Bulgaria in RA
patients who received outpatient biological therapy
(TNF-o. inhibitors and IL-6 inhibitors) and visited the
committee for continuation of treatment every 6 months.
One hundred and ninety patients with RA who received
outpatient biologic therapy were included.

The study included the entire period of exposure
to biological therapy (until September—October 2018).
The long-term therapeutic outcomes of the patients
were assessed in detail using their follow-up data for
a 12-month period (3 visits) from June 2017 until October
2018. In September-October 2024, all necessary data for
the analysis were extracted.
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Eligibility criteria
The study included patients with RA who met the fol-
lowing criteria:
e over 18 years of age,
» confirmed diagnosis of RA (American Rheumatism
Association [ARA] 1987 criteria) [12],
 treatment with biological therapy with TNF-a inhibi-
tors or IL-6 inhibitors,
* long-term treatment with biological therapy,
—for a total of at least 18 months:
-6 months before the active analysis period,
- 12 months during the study analysis,
» complete active medical records were available.
Patients were excluded from the analysis if they
met any of the following criteria: 1) having an additional
diagnosis that made them eligible for biological thera-
py, such as ankylosing spondylitis or psoriatic arthritis;
2) having received biological therapy for a duration
shorter than 6 months prior to study entry; 3) dropping
out of biological therapy during the 12-month analysis
period for any reason; 4) having incomplete medical re-
cords, including missing baseline demographic and life-
style data, comorbidities of interest, or laboratory and
clinical results necessary to assess long-term treatment
outcomes. These exclusion criteria were implemented
to ensure that the study population was homogeneous
and that long-term therapeutic effects could be accu-
rately evaluated.

Sources and methods for selecting
participants

Patients were selected through a systematic review
of clinic records to ensure data relevance.

The medical records of patients undergoing biolo-
gical therapy were used. Each patient on biological the-
rapy has a medical record in the Rheumatology Clinic,
which is part of the registry of patients at the clinic.
It contains medical documents with initial data on the
diagnosis of RA, data on concomitant diseases, and ini-
tialtreatment, and usually includes the initial discharge/
outpatient list, as well as subsequent outpatient lists
and discharges, which contain data on the course of the
disease and therapeutic interventions.

The participants were selected among RA patients
according to the order of presentation to the committee
for continuation of treatment between June and October
2017.

Follow-up methods

Follow-up of therapeutic efficacy and long-term treat-
ment outcomes was performed through in-depth analy-
sis of data from outpatient examination notes, laboratory
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tests, and therapeutic regimens from follow-up exami-
nations in the period from June 2017 to October 2018
(12 months — 3 visits for each patient) every 6 months
(active analysis period).

Outcomes

Long-term therapeutic outcomes of RA patients pro-
posed for biological therapy were assessed by the com-
plex Disease Activity Score 28 (DAS28) based on C-re-
active protein (CRP) at 3 time points: at the beginning
of the active analysis period, and at 6 and 12 months.
Based on the DAS28-CRP values, the disease was cat-
egorized into 2 main groups: remission/low activity
(favorable long-term outcome) when the DAS28-CRP
value was less than 3.2, and unsatisfactory therapeutic
response (unfavorable long-term outcome) when the
value exceeded 3.2.

The primary endpoint was to determine the propor-
tion of patients with a single-point LDA who maintained
a therapeutic response (sustained LDA), as well as
those who lost a favorable outcome over the next 6 and
12 months.

Long-term outcomes of biological therapy were as-
sessed over the entire treatment period, overall for the
entire group, and by type according to the biological the-
rapy (e.g., TNF-a inhibitors, IL-6 inhibitors), as monothe-
rapy or in combination with methotrexate (MTX) and
concomitant use of glucocorticosteroids (GCs) and non-
steroidal anti-inflammatory drugs (NSAIDs).

Predictors of a favorable, sustained therapeutic out-
come in long-term biological therapy were investigated:
age, body mass index (BMI) < 25 kg/m?, non-smoking,
duration of RA, X-ray stage, functional disability [13],
duration of biological therapy, type of biological drug
(TNF-o inhibitor or IL-6 inhibitor), combination with
MTX, absence of concomitant diseases.

The need for daily use of NSAIDs and GCs were ini-
tially included as potential confounding effects/modify-
ing factors.

Bias

To reduce potential sources of bias, the study strictly
adhered to clear criteria for: participant selection, clearly
defined analysis and treatment periods, and complete
medical records available with data for calculating com-
posite measures of disease activity.

Statistical analysis

Statistical methods employed in the study included
the y? test to analyze categorical data and assess associ-
ations between various demographic and clinical charac-

teristics. Student’s t-test was used for comparison of
continuous variables to determine significant differences
between groups. Multiple binomial logistic regression
analysis was conducted to examine the relationship be-
tween therapeutic response, as measured by the level
of LDA, and to identify factors significantly associated
with a successful therapeutic outcome and its retention.
A significance level of p < 0.05 was accepted for the entire
study. The results are presented using both tabular and
graphical methods.

Bioethical standards

The study was approved by the Research Ethics
Committee of the Medical University of Varna, Bulgaria,
approval number 2 dated 04/07/2024.

Results

In the study group of 190 patients with RA, the mean
age was 58.7 +11.2 years, with 85.8% of participants be-
ing women. The average weight was 73.2 +16.3 kg, and
55.3% of patients were classified as overweight (BMI
> 25 kg/m?), while 23.2% were obese (BMI > 30 kg/m?);
30.5% of patients were smokers.

Disease characteristics

The mean duration of RAwas 12.5 £9.2 years. The dis-
tribution by disease duration was as follows: 15.8% of
patients had RA for 1to 5 years, 36.8% for 5 to 10 years,
and 47.3% for more than 10 years (p < 0.001). The radio-
graphicstage of the disease was stage I1in 34.2%, stage lll
in 28.9%, and stage IV in 36.8% of the patients. A signif-
icant proportion of them exhibited structural damage
associated with radiographic stage llI/IV (p < 0.001).
The functional class was evenly distributed among the
participants, with 54.2% in functional class Il and 45.8%
in class Ill (p > 0.05). Table I shows clinical and demo-
graphic characteristics of RA patients.

The median time from RA diagnosis to initiation of
biologic therapy was 9 years (range 2-44 years). The me-
dian duration of biologic therapy prior to data analysis
was 3.4 years, with a range of 1-13 years, and there was
no significant difference between the 2 groups (anti-TNF:
median 3.4 years, range 1-13; anti-IL-6: median 3.4 years,
range 1-10, p > 0.05).

Altogether, 45.8% of patients achieved LDA by 1 point
(95% Cl: 38.57-53.17, p = 0.246) using biologic therapy
over 3.4 years. Out of this group, 8% lost this therapeutic
outcome at 6 months, and an additional 5.7% lost LDA
in the following 6 months. After 12 months, sustained
LDA was present in 39.5% of all patients, while the re-
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Table 1. Clinical and demographic characteristics of pa-
tients with RA (N = 190)

Indicators Mean +SD  n (%)
Age [years] 58.7 £11.2
Sex: female 163 (85.8)
Weight [kg] 73.2 £16.3
Overweight or obese 105 (55.3)
[BMI > 25 kg/m?]
Smoking 58 (30.5)
Duration of RA (median, range)  12.5+9.2
[years]
Duration of RA [years]
1to 5 years 30 (15.8)
5 to 10 years 70 (36.8)
> 10 years 90 (47.3)
X-ray stage
I 65 (34.2)
Il 55 (28.9)
\Y; 70 (36.84)
Functional class
I 103 (54.2)
Il 87 (45.0)
HTN 112 (58.9)
DM 29 (15.3)

BMI - body mass index, DM — diabetes mellitus, FC — functional
class, HTN — arterial hypertension, RA — rheumatoid arthritis,
SD — standard deviation.

maining 6.3% showed an unstable therapeutic response
(Table I1).

Out of all 87 patients who achieved single-point LDA,
86.2% sustained LDA for 12 months. The difference be-
tween patients who achieved single-point LDA and pa-
tients who sustained LDA is 13.8% (95% Cl: 6.42—23.38,
p < 0.001).

Factors influencing the sustainability

of therapeutic outcomes in rheumatoid
arthritis treated with tumor necrosis factor
and interleukin-6 inhibitors

The likelihood of maintaining sustained LDA is sig-
nificantly higher in patients without diabetes. The results
indicate that patients with diabetes have a substantially
lower chance of maintaining persistent LDA (odds ratio
[OR] = 0.100, 95% Cl: 0.016-0.628, p = 0.014) compared
to those without diabetes. Furthermore, smoking has
been identified as a poor prognostic factor for main-
taining sustained LDA (OR = 0.265, 95% Cl: 0.067-1.048,
p = 0.058; Table IlI).
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Table Il. Therapeutic characteristics and long-term re-
sults in RA patients on biological therapy

Indicators Total
Median (range) n (%)

NSAIDs 82 (43.2)
Methylprednisolone (use) 109 (57.4)
Methotrexate (use) 117 (61.6)
Time to bDMARDs [years] 9.0 (2-44)
Duration of bDMARDs [years] 3.4 (1-13)
Type of biological medication

Anti-IL-6 85 (44.7)

Anti-TNF-au 105 (55.3)
One-point LDA 87 (45.8)
Sustained LDA

6-month 80 (42.1)

12-month 75 (39.5)

IL-6 — interleukin-6, TNF-o. — tumor necrosis factor o,

bDMARD:s — biological disease-modifying anti-rheumatic drugs,
LDA — low disease activity, NSAIDs — nonsteroidal anti-inflamma-
tory drugs.

Table Ill. Analysis of factors associated with long-term
therapeutic response (sustained LDA)

Factor Adj. OR*  95% Cl p
For all treated patients
RA and DM 0.100 0.016-0.628 0.014
Smoking 0.265 0.067-1.048 0.058
For TNF-a inhibitor
treated patients
RA and DM 0.064 0.005-0.841 0.036
For IL-6 inhibitor
treated patients
Smoking 0.046 0.004-0.556 0.015
RA and DM 0.069 0.003-1.562 0.093

* Adjusted odds ratios (adj. OR) are corrected for age, sex,

BMI > 30 kg/m?, duration of RA, duration of biological treatment,
X-ray stage, functional class, combination with methotrexate,
NSAIDs and GCs used, HTN.

DM — diabetes mellitus, IL-6 — interleukin-6, RA — rheumatoid
arthritis, TNF-o. — tumor necrosis factor a.

Several covariates considered in the analysis, includ-
ing age, sex, BMI > 30 kg/m?, duration of RA, duration of
biological treatment, X-ray stage, functional class, combi-
nation with MTX, NSAID and GC use, and hypertension,
were not found to be significant predictors of sustained
LDA. These variables did not meet the threshold for statis-
tical significance (p > 0.05) and thus were not included in
the final model. Consequently, they were not recognized
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as significant predictors for achieving and maintaining
persistent LDA.

For patients receiving TNF-a inhibitor treatment, the
presence of RA and DM was found to significantly influ-
ence the likelihood of maintaining sustained LDA, with
an OR of 0.064 (95% Cl: 0.005-0.841, p = 0.036), indicat-
ing a significantly lower chance of achieving persistent
LDA in patients with both RA and DM compared to those
without.

For patients receiving IL-6 inhibitors, smoking was
identified as a significant negative prognostic fac-
tor, with an odds ratio of 0.046 (95% Cl: 0.004-0.556,
p = 0.015), suggesting that smokers have a considerably
lower chance of maintaining sustained LDA.

Additionally, while there was weak evidence for the
presence of RA and DM influencing outcomes for IL-6
inhibitors patients, the association was not statistical-
ly significant, with an OR of 0.069 (95% Cl: 0.003-1.562,
p =0.093).

Discussion

Long-standing RA is often associated with un-
healthy lifestyle factors and health challenges, such as
overweight/obesity, diabetes, and arterial hyperten-
sion. Smoking, obesity and poor physical activity are
associated with a worse treatment outcome [14]. Clear
guidelines recommend treatment strategies targeting
disease control through synthetic, biologic, and targeted
synthetic therapies [15]. Achieving and maintaining clin-
ical remission/LDA is associated with several clinical and
QoL benefits for patients. Patients in remission/LDA have
improved radiographic outcomes, physical functioning,
no progression of disability, and lower mortality [16].
These benefits were observed in clinical remission/LDA,
regardless of how early or late it was achieved [17].

The primary target of modern therapies for treating
RA is to achieve LDA in long-standing RA or remission in
those with early disease. Once LDA has been reached, the
next target is to sustain this effect for at least 12 months,
after which a gradual tapering of medication may be at-
tempted, with the goal of reaching a drug-free status [18].

In practice, however, reaching these targets remains
challenging for the majority of patients, for whom com-
posite and index assessments do not indicate values
determining disease activity as remission/LDA. Available
data are controversial. Some biologic registers show in
the 3 year 45% remission with TNF-a inhibitors, while
others show significantly higher figures [7, 19-21]. On
the other hand, real-life studies continue to demon-
strate significant superiority of TNF-a inhibitors com-
pared to conventional DMARD therapy. A recent study
showed that achievement of short-term and long-term
remission at 1 and 2 years, respectively, after the start

of TNF-a inhibitor therapy compared to triple synthetic
therapy had significant superiority [22].

Complex individual patient characteristics, as well as
sociodemographic factors, behavioral habits, and comor-
bidities, are discussed as being associated with differenc-
es in long-term responses [23]. A wealth of data suggests
that RA, especially in long-standing disease with highly
active inflammation, is often associated with behavioral
risks and comorbid conditions, including metabolic disor-
ders such as obesity and diabetes [9, 24]. Both RA alone
and its combination with these comorbidities lead to in-
creased cardiovascular morbidity and mortality [25].

The present study was conducted in patients with
long-standing RA (mean duration of RA 12.5 years)
in which biologic treatment started late after diagnosis
(mean 9 years). The median duration of biologic therapy
prior to data analysis was 3.4 years, and it lasted a mean
of 44.9 months until assessment of the therapeutic re-
sponse. Point LDA was detected in 46.8% of all patients,
which is consistent with data reported from other bio-
logical registries [26].

The ratio of patients with a sustained therapeutic re-
sponse to those with loss of response was significantly
in favor of the former (39.4% vs. 6.3%). These data indi-
cate that some patients with DAS28-CRP LDA lose the
therapeutic response during long-term treatment with
TNF-a and IL-6 inhibitors. In these cases, the therapeutic
effect cannot be sustained with unchanged treatment
regimens.

Loss of the therapeutic response in patients treated
with TNF-ae and IL-6 inhibitors is associated with several
factors. One primary cause is the development of anti-
drug antibodies (ADAs), which can neutralize the biolog-
ic agents or increase their clearance, leading to reduced
drug efficacy and suboptimal therapeutic outcomes [27].
Additionally, poor adherence to treatment regimens in
outpatient settings may further contribute to the dimi-
nished long-term effectiveness of biologics [28]. Further-
more, both subjective (pain) and objective (CRP levels)
components of the DAS28 score can fluctuate due to
various factors, complicating the assessment of the
therapeutic response [29].

This highlights the critical importance of consider-
ing key patient lifestyle factors and comorbidities that
may influence individual components of the DAS28-CRP
score, potentially affecting the overall value. Such influ-
ences could lead to misclassification of the therapeu-
tic response, resulting in inappropriate adjustments to
treatment regimens. Cardiovascular issues and diabetes
mellitus are amongst the most common comorbidities
in patients with rheumatic diseases [30, 31].

Our data suggest that patients with and without
sustained LDA for 12 months share similar characteris-
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tics, including age, sex, X-ray stages, functional class,
RA duration, and the use of NSAIDs, GCs, and biologi-
cal therapies (either as monotherapy or in combination
with MTX). These findings underscore the homogeneity
of factors influencing the long-term therapeutic re-
sponse in this patient group.

Patients with RA and DM have a lower chance of
maintaining LDA, with a high likelihood of it worsening
in the following months, both in patients treated with
TNF-a inhibitors and in those treated with IL-6 inhibi-
tors, indicating that these comorbidities impair long-
term therapeutic outcomes.

Smokers have a lower chance of maintaining LDA,
with a high likelihood of it worsening in the following
months. This is observed in the entire patient group, but
smoking is particularly associated with poorer outcomes
in patients treated with IL-6 inhibitors, indicating that
this comorbidity impairs long-term therapeutic results
in this subgroup.

Study strengths and limitations

The strengths of the study include the comprehen-
sive overview and understanding of RA and its impact on
patients’ QoL. Focusing on comorbidities such as diabe-
tes offers a deeper understanding of factors influencing
treatment success, which are often overlooked in similar
studies. Limitations of the study include the retrospective
design, which may introduce biases related to data col-
lection and patient self-reporting, potentially affecting the
results’ reliability. The study involved 190 patients from
a single clinic in Bulgaria, which may limit the generaliz-
ability of the findings to other populations or countries.
The analysis span is only 12 months, which may not cap-
ture the long-term sustainability of treatment responses
and the potential evolution of patient conditions.

Conclusions

The results of this study highlight that personalized
medicine in the treatment of RA, including consideration
of individual patient characteristics, comorbidities, and
lifestyle factors, is key to improving long-term therapeu-
tic outcomes with biologic therapy. Although a signifi-
cant number of patients achieve the desired therapeutic
response with long-term biologic therapy, maintaining
this response over a 12-month period remains a chal-
lenge, requiring attention to factors such as smoking
and diabetes.
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