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Relevance. A variety of targeted therapies for rheumatoid arthritis (RA) treatment exist. Therefore, reliable predictors are needed
that could be used to accurately predict the efficacy or inefficacy of these therapies in individual patients. This could allow clinicians to
improve diagnosis and prognosis, to make the treatment personalized and to reduce healthcare expenses.

Objectives: to analyze and systemize the predictors of response to treatment in patients with RA.

Materials and Methods. We analyzed the recently discovered predictors of treatment response in RA patients using papers cited
on PubMed, Lilacs, and EMBASE databases from Jan 2005 until Jan 2020. Predictive factors were grouped into four categories:
methotrexate (MTX)-treated RA, tumor necrosis factor (TNF)-a inhibitors-treated RA, interleukin (IL)-6 inhibitors-treated RA, and
rituximab (RTX)-treated RA.

Results. Based on the results of several studies, predictors of response to methotrexate were high Disease Activity Score (DAS),
concentration of myeloid-related proteins 8/14, high P-glycoprotein levels, low serum calprotectin and leptin levels, baseline serum
concentration of tumor necrosis factor (TNF)-a, TNF receptor I, interleukin (IL)-1B, soluble CD163, numbers of CD14+highCDI16,
vascular cell adhesion molecule, lower expression of hsa-miR-132-3p, hsa-miR-146a-5p, and hsa-miR-155-5p. A positive response to
biological therapy was determined by male gender, younger age, lower health assessment questionnaire, erythrocyte sedimentation rate
or C-reactive protein, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, tender joint count (or swollen joint count) scores,
absence of comorbidities, baseline albumin, IL-34, IL-1B, D-dimer, fibrinogen, matrix metalloproteinase 3, DAS 28 and Simplified
Disease Activity Index (SDAI). The plasma interferon (IFN) activity and the IFN beta/alpha ratio, IL-1Ra level were predictive in TNF
antagonist-treated patients. Predictors of response to 1L-6 inhibitors were anti—citrullinated protein antibody (ACPA)+, baseline Sharp/
van der Heijde score, myeloid soluble intercellular adhesion molecule 1, serum levels of sIL-6R, IL-8, calprotectin, and Iymphoid
activation and bone remodeling markers. The prediction of the best response for rituximab was determined to be a combination of IL-
33, rheumatoid factor or ACPA, IgG, and also lower number of previous biological therapies. Genetic factors, such as single-nucleotide
polymorphisms at gene locus rs10919563, rs11541076, rs12083537, rs11265618, and rs1801274, and rs396991 can also be used to
predict a response to treatment.

Conclusions. One of the leading problems in the development of predictors remains the collection of high-quality and complete
information from a large number of patients. For this, it is necessary to develop an digital program for collecting specific data (depending
on the specific disease) and developing new algorithms for predicting the response to treatment.
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Relevance. Many targeted therapies are available for
rheumatoid arthritis (RA) treatment. Because of this wide
choice of treatment, the management of RA has entered
the era of “personalized medicine,” and therefore reliable
biomarkers are needed that could be used to accurately
predict the efficacy or inefficacy of these therapies in
individual patients, thereby improving medical decision-
making [7]. Identifying the responsive subpopulation
before a therapy is started could allow clinicians to
improve diagnosis and prognosis, make treatments
personalized and reduce healthcare expenses [48].

Objectives: to analyze and systemize the predictors
of response to treatment in patients with RA.

MATERIALS AND METHODS

We analyzed the recently discovered predictors of
treatment response in patients with RA using PubMed,
Lilacs, and EMBASE databases from Jan 2005 until
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Jan 2020. The search terms were rheumatoid arthritis,
treatment, response, prediction. Predictive factors were
grouped into four categories: methotrexate (MTX)-
treated RA, tumor necrosis factor (TNF)-o inhibitors-
treated RA, interleukin (IL)-6 inhibitors-treated RA, and
rituximab (RTX)-treated RA.

RESULTS AND DISCUSSION
MTX-treated RA

To date, MTX remains the most widely used first drug
for treating RA. Due to the long period of use, a lot of
information has been accumulated about the prediction
of the treatment response.

The simplest to use in practice are predictors based
on the use of standard disease activity scores (DAS)
and standard laboratory parameters: erythrocyte
sedimentation rate (ESR) or C-reactive protein (CRP).
The study conducted by A.Kavanaugh et al (post
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hoc analysis of data from the randomized, double-
blind OPTIMA and PREMIER studies) revealed that
higher time-averaged DAS28 (CRP) was the strongest
positive predictor of insufficient response to MTX and
clinically relevant radiographic progression at 6 months
(p<0.001 for both). Additionally, high values of time-
averaged DAS28 (CRP) were also positive predictors
of insufficient MTX response and clinically relevant
radiographic progression. [53]. David L. Scott provided
a systematic review of calprotectin as a biomarker. This
biomarker is also often used in routine practice. When
addressing the incremental predictive value, baseline
calprotectin was the only statistically significant independent
determinant of therapy response in full multivariate analysis
with adjustments for DAS28 and 68—tender joint counts.
Initiation of conventional treatment in patients naive for
disease-modifying antirheumatic drugs (DMARDs)/
glucocorticoid (GC) resulted in the near normalization of
calprotectin levels after 3 months. Levels were unrelated to
doses of GC and/or MTX. Changes in serum calprotectin
positively correlated with changes in serum CRP (r = 0.48,
p =0.002), DAS28 (r = 0.39, p = 0.01), and swollen joint
count (r = 0.54, p <0.001). Decreasing in calprotectin level
was significant in treatment responders using RTX as well
as adalimumab (ADA) or infliximab (INF) [1].

The possibility of using various cytokines has also
been studied quite a lot. Multiple studies found that
serum concentrations of the following cytokines are not
correlated with MTX efficacy: IL-1 receptor antagonist,
IL-1B, IL-6, 1L-8, IL-10 and IL-12 [59]. Conversely,
decreased baseline serum concentration of TNF-a has
been reported as predictive of MTX response [35].
However, in another study focusing on early RA patients,
serum TNF-o was not predictive of MTX response [3].
Recently, it was found that a higher concentration of
myeloid-related proteins (MRP) 8 and 14 in the serum of
RA patients before MTX monotherapy is associated with
larger therapeutic response to MTX. Thus, serum MRP
8 and 14 are promising biomarkers that could be used
to predict MTX response [45]. Interestingly, MRP8/14
was a better predictor of response than CRP and ESR,
especially for early arthritis (< 1-yr duration). Seitz
et al found that level of IL-1p produced by peripheral
blood mononuclear cells was associated with ACRS50
and ACR70 response in RA patients following 6 months
of treatment with MTX [34]. Other cytokine, myeloid
progenitor inhibitory factor-1 is a chemokine that is
involved in chemoattraction of resting T cells and
monocytes. Its lower baseline level predicted a good
response to MTX at week 12 in A Sandhu et al study [11].

Alex et al developed a Cytokine Activity Index based
on 16 different serum cytokines measured in RA patients
starting MTX treatment; their model was found to be
associated with treatment response, but has not been
validated in a prospective cohort [2].

MTX has been shown to inhibit cytokine production by
T cells, so immunological predictors are a logical source
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of potential biomarkers of treatment response. Haroon et
al found that in vitro suppression of TNFa in DMARD-
naive RA patients using MTX was predictive of clinical
response, but these findings have not been replicated in
vivo [20]. Greisen et al found that pre-treatment levels
of soluble CD163 correlated with CRP levels, possibly
serving as a molecular marker of response or resistance
to MTX [18].

Sanches Peres et al found reduced expression of
CD39+ Tregs in MTX non-responders compared with
MTX-responsive patients after 3 months of treatment [46].
In monocytes, Chara et al found that the pre-treatment
absolute number of circulating monocytes, and the
numbers of CD14+highCD16— and CD14+highCD16+
subset cells were predictive of the clinical response to
MTX in treatment-naive RA patients, with a sensitivity
and specificity of >70% and >88%, respectively. The
lack of effect of MTX treatment on monocyte CX3CR1
expression is further supported by the absence of
modification of its constitutively increased expression in
CD14+lowCD16+ monocytes in non-responders [5].

However, none of these immunological studies
have been validated in larger, independent cohorts,
so it remains an area of research to identify potential
biomarkers of MTX treatment response.

The results of high-quality clinical studies that
examine different combinations of markers as possible
tools for predicting are promising. Four of the 12
biomarkers in Karen Hambardzumyan et al study (CRP,
leptin, TNF-RI, and vascular cell adhesion molecule
(VCAM-1)) significantly predicted low disease activity
(DAS28 < 3.2). Significantly higher proportions with
low disease activity (LDA; DAS28 <3.2) among patients
with lower versus higher levels of CRP or leptin (40% vs
23%, p=0.004, and 40% vs 25%, p=0.011, respectively)
were shown, as well as among those with higher versus
lower levels of TNF-RI or VCAM-1 (43% vs 27%,
p = 0.004, and 41% vs 25%, p = 0.004, respectively).
Combined score based on these biomarkers, adjusted for
known predictors (smoking, sex, and age) of low disease
activity (LDA), associated with decreased chance of
LDA (adjusted OR 0.45, 95% CI 0.32-0.62).

Erythrocyte folate levels have also been investigated
to determine MTX responsiveness. In one study, a low
baseline folate level was associated with a poor response
to MTX [10], and low levels of polyglutamated folate
were associated with LDA in other study [4].

P-glycoprotein (P-gp) encoded by the multidrug
resistance-1 human gene responsible for cross-resistance
of mammalian cells to a number of chemotherapeutic
agents [37]. RA patients with DMARDs failure had
higher serum P-gp levels than patients with a therapeutic
response. High P-gp levels increased the risk of DMARD
failure (OR 3.36, 95% CI 1.54-7.27, p=0.001). After
adjusting for confounding variables, elevated P-gp
remained associated with DMARD failure (OR 2.64,
95% CI 1.29-5.40, p=0.01). In recent years, there has
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been increasing evidence of the use of micro-RNAs
(miRNAs) as possible predictors of response to therapy.
Deregulation of some miRNAs has been found in RA
[13]. Amita Aggarwal et al study [52] showed that
patients who responded to MTX had lower expression of
hsa-miR-132-3p, hsa-miR-146a-5p, and hsa-miR-155-
Sp as compared to non-responders. Receiver operating
characteristic curve analysis showed that all three
miRNAs were also good predictors of MTX response.

Xia Y et al reported that circulating miR-10a was
significantly decreased in RA patients compared to
osteoarthritic patients and healthy people. Importantly,
circulating miR-10a was up-regulated in RA patients
treated with MTX. Moreover, it was identified that
circulating miR-10a may serve as a predictor of therapy
effectiveness in MTX-treated patients (sensitivity 66.7%,
specificity 80%) [23].

In another work, it was shown that the expression of
miR-125b in PBMCs of treatment-naive patients may
present a novel biomarker for monitoring the treatment
outcome during the early phase of RA. Baseline cellular
expression of miR-125b was higher in responders than
in non-responders (p=0.042) and was a significant and
independent predictor of treatment response at 3 months
(OR 3.717 95 % CI 1.005 to 13.745; p=0.049) [24].

TNF-a inhibitors- treated RA

In current practice, patients who respond inadequately
to conventional therapies usually receive TNF-a
inhibitors [53]. However, patient heterogenecity hinders
identification of predictive biomarkers and accurate
modeling of anti-TNF drug responses. It should also be
noticed that markers found in one ethnic population or
cohort may not be applicable to others [58].

As for MTX, we began with searching for predictors
that are used in routine practice. P Durez et al analyzed
data from the GO-MORE study. In the study, patients
received 50 mg golimumab (GLM) once monthly for 6
months. LDA and remission were associated with male
gender, younger age, lower HAQ (health assessment
questionnaire), ESR or CRP, tender joint count (TJC) or
swollen joint count (SJC), absence of comorbidities [56].

Asimilar assay was performed for certolizumab PEGol
(CZP). Baseline predictors of response were: lower prior
number DMARD, low number prior bDMARD; higher
CRP, ESR, tender joint count and swollen joint count
scores, DAS28 and Simplified Disease Activity Index
(SDAI) (p<0.05) scores [57].

Even a simple indicator like kinetics of response
turned out to be a reliable predictor of a long-term
response. Post-hoc Analysis of the RAPID 1 Trial proofs
that absence of DAS28 improvement to CZP during
the first 12 weeks of therapy was predictive of a low
probability of achieving LDA at Year 1 [59]. In Liqi
Bi et al etanercept study has been shown, that baseline
albumine >34.9 g/l or ESR <55.5 mm/h might predict
a good response at 1st months, while baseline ESR
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<60 mm/h, HAQ <1.31, and 1L-34 <194.1 pg/ml might
predict a good response at 3rd month [12].

In another retrospective cohort study performed by
Han-Na Lee et al, high baseline neutrophil-to-lymphocyte
ratio (NLR) (OR 5.57, 95% CI 1.45-26.99, p=0.014) and
platelet-to-lymphocyte ratio (PLR) (OR 4.24, 95% CI
1.07-16.81, p=0.04) were independently associated with
a higher risk of non-response at 12 weeks. High baseline
NLR was associated with an increased risk of anti-TNF-a
agent withdrawal due to lack of efficacy (HR 2.12, 95%
CI 1.02-4.44, p=0.045) [31].

Mikkel Stergaard et al provided an investigation
to compare treatment responses in patients treated
with ADA, etanercept, or INF. 2326 RA patients were
included from the Danish DANBIO register. Older age,
low functional status, and concomitant GC treatment
were negative predictors of a clinical response [21].

Another promising biomarker to predict response
to bDMARDs is serum concentration of MRP8/14
protein complex. In 1Y Choi et al study responders had
significantly higher MRP8/14 protein complex levels
compared with non-responders. Logistic regression
analysis showed that having high MRP8/14 baseline
levels increased the odds of being a responder by 3.3 up
to 55. In contrast, MRP8/14 levels were stable in non-
responders [6].

In SC Nair et al study the probability of response
increased with higher baseline MRP8/14 complex
levels (OR = 1.39) too, but differentially between the
TNF-blockers and RTX, and also increased with higher
DAS28 at baseline (OR = 1.28). Rheumatoid factor (RF)
positivity, higher HAQ, and previous use of a TNF-
inhibitor decreased the probability of response [39].
According to authors’ conclusion multitool (calprotectin,
DAS 28, HAQ and RF-positivity) may be further
developed and used to personalize treatment. Correlation
of seropositivity for RA and ACPA with treatment
response was also found for T cell blocker, abatacept
(ABA). JE Gottenberg et al investigated data from 9
observational RA registries in Europe (ARTIS [Sweden],
ATTRA [Czech Republic], BIOBADASER [Spain],
DANBIO [Denmark], GISEA [Italy], NOR-DMARD
[Norway], ORA [France], Reuma.pt [Portugal], and
SCQM-RA [Switzerland]). Even after adjustment for
sociodemographic and disease- and treatment-related
confounders, RF and ACPA positivity were each
associated with a lower risk of ABA discontinuation for
any reason, compared to RF-negative and ACPA-negative
patients. Similar associations with RF and ACPA were
observed for discontinuation of ABA treatment due to
ineffectiveness [17].

The plasma IFN activity, the IFN beta/alpha ratio,
and the IL-1Ra level were predictive of the therapeutic
response in TNF antagonist-treated RA patients,
indicating that these parameters might define clinically
meaningful subgroups of RA patients with distinct
responses to therapeutic agents [37]. In 35 RA patients
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on TNF antagonist therapy plasma type I, IFN activity
at baseline was significantly associated with clinical
response (OR 1.36 [95% confidence interval 1.05-1.76],
p = 0.020), with high baseline IFN activity associated
with a good response. Changes in DAS28 scores were
greater among patients with a baseline plasma IFN beta/
alpha ratio >0.8 (indicating elevated plasma IFN beta
levels). Elevated baseline IL-1Ra levels were associated
with better therapeutic outcomes (OR 1.82 [95% CI 1.1-
3.29], p=0.027).

N. Ishiguro et al conducted a retrospective
observational study using the multicenter registry data
in Japan (Tsurumai Biologics Communication registry:
TBCR). It has been shown, that effectiveness at week
52 could be predicted using baseline serum matrix
metalloproteinase 3 (MMP-3) [22].

Evaluation of genetic factors can also be used to assess
the likelihood of a response to treatment. Robert M. Plenge
et al. tested 31 RA risk alleles for associations with the
response to anti-TNF therapy. Only single-nucleotide
polymorphisms (SNPs) at gene locus rs10919563 showed
a significant association (p < 0.01) with a EULAR good
response. The major allele (G allele), which is a known
predictor of RA risk, is the same allele that was found to be
a predictor of favorable response [8].

Another study looked at the gene combinations
identified in eight transcriptome studies done to identify
genetic features predicting the response to INF in
374 patients. The response was associated with only
five genes (FKBP1A, FGF12, ANOIl, LRRC31, and
AKR1D1). The 5-gene model showed a good predictive
power in random- and prospective-designed studies,
with AUC =0.963 and 1.000, and it was also applicable
at the early phase of treatment (at week 2) for predicting
the response at week 14 (AUC=1.000) [25]. Sode et al
study validates rs11541076 in IRAK3, negative regulator
of TLR signalling, as a predictor of anti-TNF treatment
response, and suggests true positive associations of
previously reported SNPs within genes encoding
activators/inhibitors of NF-xB [55].

IL-6 inhibitors-treated RA

Recently, several IL-6 inhibitors have become
available for clinical use. G Karpouzas et al had
investigated sirukumab in 1,670 pts with active RA
refractory to DMARDs. ORs showed that patients
were significantly more likely to be radiographic non-
progressors with sirukumab if they were ACPA+, had
a baseline Sharp/van der Heijde (SHS) radiographic
damage score > cohort median SHS, or had a baseline
SHS >7) [27]. According to sirukumab SIRROUND-T
and -D studies worsening in CDAI at Week 4 was
predictive of non-response at Week 16 [9].Thus, it is
possible to improve the assessment of the need to switch
to another drug within a month after starting.

Cem Gabay et al had demonstrated that myeloid
soluble intercellular adhesion molecule 1 (SICAM-1)
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was predictive of DAS(CRP) and LDA response in the
sarilumab at week 12 in contrast to MMP-3, collagen
type | MMP-cleaved fragment, collagen type I1I MMP-
cleaved fragment C3M, IL-8 and calprotectin, and
lymphoid activation (chemokine, CXC motif, ligand 13
(CXCL13), CXCL10, B cell-activating factor), and bone
remodeling (receptor activator of nuclear factor-xB (NF-
«B) ligand, osteoprotegerin and osteocalcin) [15].

The largest amount of data regarding the prognosis
of response in this group of drugs was accumulated for
tocilizumab (TCZ), which was approved earlier [42].

Toshihisa Kojima et al in their retrospective study have
found that higher CRP levels at baseline was a significant
and independent factor in predicting normal CRP levels
over 52 weeks (HR 0.86 per 1 mg/dL). In contrast, disease
duration, concomitant MTX use and previous TNF inhibitor
failure were not significant factors. Patients with normal
CRP levels at 12 weeks of TCZ treatment achieved better
clinical outcomes, including remission based on DAS28-
ESR criteria, compared to patients with elevated CRP levels
at 12 weeks [31].

Tatsuya Koike et al aimed to identify factors that
could predict the effects of TCZ therapy in patients with
RA in the early period after starting TCZ treatment.
Serum levels of IL-1B, D-dimer and fibrinogen were
measured before and after 4 weeks of TCZ therapy. Low
D-dimer and IL-1P levels at week 4 predicted greater
decrease in disease activity after 52 weeks of treatment
(p = 0.005 and p < 0.001, respectively). These markers
might be more useful than current inflammatory markers
for early-stage prediction of response to TCZ in RA [43].

Lennart T. H. Jacobsson et al searched for predictors
of drug termination. Patients were identified in the
Swedish Rheumatology Quality (SRQ) register. Logistic
regression analyses showed that significant predictors for
EULAR good response vs no response were low HAQ
level, high DAS28 score and not being treated with GC at
baseline. Age, disease duration, having seropositive RA,
initial level of CRP or ESR, concomitant treatment with
any DMARD and previous exposure to biologics were
not significant predictors of EULAR good response [14].

As for another bDMARDs, seropositivity in RF and
anti-CCP play a role on prediction of TCZ treatment
response. Because 1L-6 induces B-cell differentiation and
is thought to lead to the formation of I[gM-RF and anti-
CCP antibodies, TCZ might act well in patients with RA
with high titers of autoantibodies. Although Kawashiri SY
etal [28] found that the rate of high titer [gM-RF patients
was dominantly distributed in the remission group toward
TNF inhibitor-naive patients, logistic regression analysis
identified that not previous anti-TNF therapy but IgM-
RF was an independent predictor of CDAI remission in
patients treated with TCZ, suggesting that the influence
of IgM-RF in regard to CDAI remission was superior to
the influence of previous anti-TNF therapy.

It is tempting to speculate that baseline serum levels
of sIL-6R, rather than those of IL-6, are associated

ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Meouuna nayka Yxpainu, 2020, Vol. 16, Ne 1



TREATMENT RESPONSE PREDICTION IN PATIENTS WITH RHEUMATOID ARTHRITIS. REVIEW

with clinical response to TCZ. To test this hypothesis,
Takeuchi T. et al analyzed serum levels of 1L-6 and sIL-
6R before TCZ treatment and evaluated their association
with clinical remission. Multivariate analysis confirmed
us that sIL-6R was solely a significant predictor. A cut-
off sIL-6R level of 72.6 ng/mL discriminated between
SDAI remission and non-remission with a sensitivity
of 67% and a specificity of 72%, CDAI remission with
65% and 69%, and DAS28-ESR remission with 59% and
81%, respectively [41].

Not only IL-6 serum levels have an impact on
TCZ treatment response. In the study conducted by
M Maldonado-Montoro et al, it was confirmed that
RA patients treated with TCZ showed better EULAR
response, remission, LDA and DAS28 improvement rates
when a lower number of bDMARDs were previously
administered. The AA genotype for rs12083537 and CC
for 1511265618 polymorphisms may act as predictors of
good response LDA [36].

In another retrospective prospective cohort study
dedicated to gene polymorphism it was also shown, that
patients carrying the FCGR3A rs396991-TT genotype
treated with TCZ showed higher EULA R response (OR,
5.075; 95%Cl, 1.20-21.33; p = .027) at 12 months. In
comparison, those who were naive for bDMARDs at
the beginning of treatment showed satisfactory EULAR
response, higher remission, and greater improvement in
DAS28 at 6 months. Younger age at start of TCZ treatment
was associated with satisfactory EULAR response at
18 months and greater remission at 6 and 18 months.
Subcutaneous TCZ administration was associated with
higher remission at 6 months and improved low disease
activity rate at 12 months [26].

Several studies indicate that DNA microarray is a
powerful tool that can be used to identify genes that may
be biomarkers for the prediction of clinical responses
to TCZ. In a prospective multicenter study by Hiroshi
Nakajima et al, dedicated to Biomarkers Identified by
Analysis of Gene Expression, a Genome-Wide DNA
Microarray was used. Of 19,416 genes examined,
4 genes were identified as predictive biomarkers of
moderate-to-good responses, ROC analysis showed that
the AUC was 0.693 for IFI6, 0.920 for MT1G, 0.813
for MX2, and 0.627 for OASL [49]. Among the 4 genes
identified in this study, IFI6, MX2, and OASL were
type 1 IFN response genes. This data, such as previous
reports, suggest that both IL-6 and TNFa blocking
therapies for RA are more likely to be efficacious when
IFN activity is increased. The fourth one, MT1G encodes
metallothionein-1G, a member of the metallothionein
(MT) proteins. MT proteins have also been reported to
be involved in immune and inflammatory responses.

All these studies need to be confirmed in independent
cohorts. In all previous studies TCZ was the first line
biologic therapy, but in a cohort observational multicenter
study (Narvaez J et al) 126 RA patients were treated with
TCZ as a first- or second-line biological therapy. The
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predictive factors increasing the likelihood of clinical
remission at 3 months were baseline ESR > 30 mm/h
(OR: 19.07, 95% CI: 2.720-133.716), baseline CRP >
10 mg/L (OR: 4.95; 95% CI: 1.464—13.826), and the
presence of extra-articular manifestations of the disease
(OR: 1545, 95% CI: 2.334-102.319). In contrast the
factors that decreased it were higher concentrations of
hemoglobin (OR: 0.53, 95% CI: 0.319-0.910), higher
baseline DAS28-ESR (OR: 0.30, 95% CI: 0.145-0.635),
the number of previous DMARDs (OR: 0.41, 95% CI:
0.221-0.779), and biological therapies used (OR: 0.33,
95% CI: 0.155-0.734) [40].

In contrast to above-mentioned, results from Pers YM
et al showed, that they did not observe any correlation
with disease duration, smoking, gender, RF or ACPA
positivity, combination with MTX or another DMARD
and failure of previous biotherapy. In multivariate
analysis, only young age (<55 years), high baseline CRP
>10 mg/Il and no history of CVD were associated with a
EULAR response [47].

RTX-treated RA

Despite the efficacy of RTX, 30% of treated patients
achieve no clinical benefit. In this era of personalized
medicine, in which more data on the individual efficacy
of these biologic agents is needed, knowledge of the
predictors of response to RTX may be crucial for
identifying RA patients in whom RTX therapy may not
be efficacious. The transcriptomic profile was assessed in
J Sellam et al study [50]. From 190 genes the signature
for response featured up-regulation of inflammatory
genes centered on NF-xB, including IL-33 and STAT5A,
and down-regulation of the IFN pathway. At week 24
post-RTX therapy, genes involved in the development
and functions of B cells were the genes most strongly
down regulated. All genes related to B-cell development
and the B-cell immune response was strongly down-
regulated between baseline and week 24, with no
difference between responders and non-responders.

In the multi-cohort study conducted by Xavier Mariet
it was shown that detectable serum IL-33 (OR 2.40, 95%
CI 1.01-5.72; p=0.047) was associated with EULAR
response at 24 week. Combining 1L-33, RF or ACPA,
and IgG predicted the response with an OR of 29.61
(95%CI: 1.30-674.79; p = 0.034) [51].

Other study in 142 RA patients showed better response
in patients with the FCGR2A rs1801274-TT genotype,
the FCGR3A rs396991-G allele, and lower number of
previous biological therapies [26].

Complex interactions between a multitude of
environmental and genetic factors affect disease
development and progression in patients with RA.
Different types of big data analysis could be used for
predictors detection. And the results of the first uses
in rheumatology are encouraging. Gaussian process
regression model for predicting anti -TNF drug responses
in Y Guan study [19] predicts changes in disease activity
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scores with a correlation coefficient of 0.406 and shows
to be promisinig in guiding drug selections in clinical
practice based on primarily clinical profiles with
additional genetic information. Current risk-prediction
models for disease development and outcome based on
population-wide databases work well on average, but in
terms of precision medicine many of the diagnostic and
management needs of patients with rheumatic diseases
are still unmet [16].

Machine learning (ML) approaches, however, consider
all possible interactions between variables according to
multi-dimensional non-linear patterns, irrespective of
the degree of complexity, while aggressively seeking to
capture as many informative and interesting features
as possible [30]. In one study [44] ML integration
and analysis of histologic and transcriptional data sets
identified 3 distinct molecular subtypes of RA that
correlated with specific clinical phenotypes. Histologic
scores were found to be associated with parameters
of systemic inflammation, including the erythrocyte
sedimentation rate, CRP level, and autoantibody levels.
The low inflammatory subgroup is characterized by
high neuronal and glycoprotein gene expression, as
well as pain severity scores that are dissociated from
the elevated levels of systemic inflammation markers.
Another study [33] demonstrates a clinical prediction
model for RA mortality using the machine learning
method Random Survival Forests that helps to identify
five mortality risk groups.

The literature review had some limitations. When
searching for sources, the names of individual drugs were
not used, but only the word “treatment” as a whole. Only
articles in English were analyzed, which could affect the
number of sources included. To decrease the impact of
these limitations we scrutinized the reference lists of the
included studies to identify additional references.

CONCLUSION

Thus, we plan to use ML algorithms to search for new
associations between the initial data and the treatment
results of patients with RA. To achieve this goal, our
Department of Internal Medicine #3 of Bogomolets
National Medical University in 2019 is collaborating
with the German digital health company Midaia, which
provides therapy support for rheumatic disease patients
and caregivers. Using an intelligent chat service, the
Midaia Application improves patient care and collects
health data to develop new algorithms predicting the
response to treatment. Our novel approach will integrate
disease-specific software and the predictive power of big
data analysis and can be able to generate real value for
patients, doctors and the healthcare system.

KOHMNIKT iHTepeciB: BIACYTHIN.
Conflicts of interest: authors have no conflict of interest to declare.
Hapinwna go pepakyi / Received: 03.02,2020

Micnga pnoonpatoaqHa / Revised: 21.02.2020
[MpuiHaTo go apyky / Accepted: 28.02.2020

72

10.

I1.

REFERENCES

Abildtrup M., Kingsley G. H., Scott D. L. Calprotectin
as a Biomarker for Rheumatoid Arthritis: A Systematic
Review // J. Rheumat. 2015; 42(5): 760-70.
DOI:10.3899/jrheum.140628.

Alex P., Szodoray P., Knowlton N. et al. Multiplex
serum cytokine monitoring as a prognostic tool in
rheumatoid arthritis // Clin. Exp. Rheumatol. 2007,
25(4): 584-92. PubMed PMID: 17888215.

Ally M. M. T. M., Hodkinson B., Meyer P. W.
A., Musenge E., Tintinger G. R., Tikly M. et al.
Circulating anti-citrullinated peptide antibodies,
cytokines and genotype as biomarkers of response to
disease-modifying antirheumatic drug therapy in early
rheumatoid arthritis. // BMC Musculoskelet. Dis. 2015;
16(1): 130-9. DOI: 10.1186/s12891-015-0587-1.
Brown P. M., Pratt A. G., Isaacs J. D. Mechanism of
action of methotrexate in rheumatoid arthritis and the
search for biomarkers // N. Rev. Rheumatol. 2016;
12(12): 731-42. DOI:10.1038/nrrheum.2016.175.
Chara L., Sanchez-Atrio A., Perez A. et al. The number
of circulating monocytes as biomarkers of the clinical
response to methotrexate in untreated patients with
rheumatoid arthritis // J. Transl. Med. 2015; 13: 2. DOI:
10.1186/s12967-014-0375-y.

Choi 1. Y., Gerlag D. M., Herenius M. J., Thurlings R.
M., Wijbrandts C. A., Foell D. et al. MRP8/14 serum
levels as a strong predictor of response to biological
treatments in patients with rheumatoid arthritis // Ann.
Rheum. Dis. 2013; 74(3): 499-505. DOIL: 10.1136/
annrheumdis-2013-203923.

Choy E.H., Kavanaugh A.F., Jones S.A. The problem
of choice: current biologic agents and future prospects
in RA // Nat. Rev. Rheumat. 2013; 9: 154-63. DOI:
10.1038/nrrheum.2013.8.

Cui J., Saevarsdottir S., Thomson B., Padyukov L. et
al. Rheumatoid Arthritis Risk Allele PTPRC Is Also
Associated With Response to Anti-Tumor Necrosis
Factor a Therapy // Arthr. Rheum. 2010; 62(7): 1849-
61. DOI:10.1002/art.27457.

Daga S. et al. Inadequate Clinical Response to
Sirukumab, an Anti-IL-6 Monoclonal Antibody, Can be
Predicted after a Single Dose of Treatment in Patients
with Rheumatoid Arthritis / ACR, 2017. Access mode
https://acrabstracts.org/abstract/inadequate-clinical-
response-to-sirukumab-an-anti-il-6-monoclonal-
antibody-can-be-predicted-after-a-single-dose-of-
treatment-in-patients-with-rheumatoid-arthritis/

de Rotte M. C. et al. Methotrexate polyglutamates
in erythrocytes are associated with lower disease
activity in patients with rheumatoid arthritis // Ann.
Rheum. Dis. 2013; Vol. 74: 408-14. DOI: 10.1136/
annrheumdis-2013-203725.

Dhir V., Sandhu A., Gupta N., Dhawan V., Sharma
S., Sharma A. Low Serum Levels of Myeloid
Progenitor Inhibitory Factor-1 Predict Good Response
to Methotrexate in Rheumatoid Arthritis // ISRN
Inflammat. 2013; 1-4. DOI:10.1155/2013/460469.

ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Meouuna nayka Yxpainu, 2020, Vol. 16, Ne 1



TREATMENT RESPONSE PREDICTION IN PATIENTS WITH RHEUMATOID ARTHRITIS. REVIEW

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Meouuna nayxa Yepainu, 2020, Vol. 16, Ne 1

Ding R., Li P, Song D., Zhang X., Bi L. Predictors
of response to TNF-a antagonist therapy in Chinese
rheumatoid arthritis // Clin. Rheumatol. 2015; 34(7):
1203-10. DOI: 10.1007/s10067-015-2973-3.

Filkova M., Jiingel A., Gay R.E., Gay S. MicroRNAs
in rheumatoid arthritis: potential role in diagnosis
and therapy // BioDrugs. 2012; 26(3):131-41. DOI:
10.2165/11631480-000000000-00000.

Forsblad-d’Elia H., Bengtsson K., Kristensen L. E.,
Jacobsson L. T. H. Drug adherence, response and
predictors thereof for tocilizumab in patients with
rheumatoid arthritis: results from the Swedish biologics
register // Rheumatol. 2014; 54(7): 1186-1193.
DOI:10.1093/rheumatology/keud55.

Gabay C., Msihid J., Zilberstein M., Paccard C., Lin
Y., Graham N. M. et al. Identification of sarilumab
pharmacodynamic and predictive markers in patients
with inadequate response to TNF inhibition: a biomarker
substudy of the phase 3 TARGET study // RMD. 2018;
4(1): 1-11. DOI: 10.1136/rmdopen-2017-000607.
Giacomelli R. et al. International consensus: What
else can we do to improve diagnosis and therapeutic
strategies in patients affected by autoimmune rheumatic
diseases (rheumatoid arthritis, spondyloarthritides,
systemic sclerosis, systemic lupus erythematosus,
antiphospholipid syndrome and Sjogren’s syndrome)?:
The unmet needs and the clinical grey zone in
autoimmune disease management // Autoimmunity
Reviews. 2017; 16(9): 911-24. DOI: 10.1016/.
autrev.2017.07.012 PMID: 28705780.

Gottenberg J. E., Courvoisier D. S., Hernandez
M. V, lannone F., Lie E., Canhdo H. et al. Brief
Report: Association of Rheumatoid Factor and Anti-
Citrullinated Protein Antibody Positivity With Better
Effectiveness of Abatacept: Results From the Pan-
European Registry Analysis // Arthr. Rheumatol. 2016;
68(6): 1346-52. DOI:10.1002/art.39595.

Greisen S.R., Moller H.J., Stengaard-Pedersen K. et
al. Macrophage activity assessed by soluble CD163
in early rheumatoid arthritis: association with disease
activity but different response patterns to synthetic
and biologic DMARDs // Clin. Exp. Rheumatol. 2015;
33(4): 498-502. PubMed PMID: 25962601.

Guan Y., Zhang H., Quang D., Wang Z., Parker S. C.
J., Pappas D. A. et al. Machine learning to predict anti-
TNF drug responses of rheumatoid arthritis patients
by integrating clinical and genetic markers // Arthr.
Rheumatol. 2019; 71(12): 1987-96. DOI:10.1002/
art.41056.

Haroon N, Srivastava R, Misra R, Aggarwal A. A novel
predictor of clinical response to methotrexate in patients
with rheumatoid arthritis: a pilot study of in vitro T cell
cytokine suppression // J. Rheumatol. 2008; 35(6): 975-
8. PubMed PMID: 18464312.

Hetland M. L., Christensen 1. J., Tarp U., Dreyer
L., Hansen A., Hansen, I. T. Direct comparison
of treatment responses, remission rates, and drug
adherence in patients with rheumatoid arthritis treated
with adalimumab, etanercept, or infliximab: Results

22.

23.

24.

25.

26.

27.

28.

29.

from eight years of surveillance of clinical practice
in the nationwide Danish DANBIO registry // Arthr.
Rheumat. 2010; 62(1): 22-32. DOI:10.1002/art.27227.
Hirano Y., Hayashi M., Hirabara S., Takahashi
N., Kanayama Y., Kaneko A. et al. Predictors of
Effectiveness in Golimumab Treatment and Efficacy
of Dose-Escalation of Golimumab in Patients with
Rheumatoid Arthritis — A Multicenter Registry Study
TBCR // Ann. Rheum. Dis. 2015; 74(2): 719.1-719.
DOI:10.1136/annrheumdis-2015-eular.1247.

Hong H., Yang H., Xia Y. Circulating miR-10a as
Predictor of Therapy Response in Rheumatoid Arthritis
Patients Treated with Methotrexate // Cur. Pharm.
Biotechnol. 2018; 19(1): 79-86. DOI:10.2174/138920
1019666180417155140.

Hruskova V., Jandova R., Vernerova L.,Mann H., Pecha
0., Prajzlerova K. et al. MicroRNA-125b: association
with disease activity and the treatment response of
patients with early rheumatoid arthritis // Arthr. Res.
Ther.2016; 18: 124. DOI: 10.1186/s13075-016-1023-0.
Huang Q.L.,Zhou F.J.,Wu C.B..Xu C.,Qian W.Y.,Fan
D.P. et al. Circulating Biomarkers for Predicting
Infliximab Response in Rheumatoid Arthritis: A
Systematic Bioinformatics Analysis // Med. Scien.

Monit. 2017; Vol. 23:1849-55. DOI:10.12659/
msm.900897.
Jiménez Morales A., Maldonado-Montoro M.,

Martinez de la Plata J. E., Pérez Ramirez C., Daddaoua
A., Alarcon Payer C. et al. FCGR2A/FCGR3A Gene
Polymorphisms and Clinical Variables as Predictors
of Response to Tocilizumab and Rituximab in Patients
With Rheumatoid Arthritis // J. Clin. Pharmacol. 2018;
00(0): 1-15. DOI:10.1002/jcph.1341.

Karpouzas G, Takeuchi T, Thorne C, Sheng S, Li
X, Rao R, Fei K, Hsu B. Prediction of Inhibition of
Radiographic Progression By Sirukumab, an Anti—IL-6
Cytokine Monoclonal Antibody, in Patients with Active
Rheumatoid Arthritis Despite Disease-Modifying Anti-
Rheumatic Drug Treatment: Results of a Global, Phase
3 Trial [abstract]. Arthritis Rheumatol. 2016; 68 (suppl
10). Access mode: https://acrabstracts.org/abstract/
prediction-of-inhibition-of-radiographic-progression-
by-sirukumab-an-anti-il-6-cytokine-monoclonal-
antibody-in-patients-with-active-rheumatoid-arthritis-
despite-disease-modifying-anti-rheuma

Kawashiri S., Kawakami A., Iwamoto N., Fujikawa
K., Aramaki T., Tamai M. et al. In rheumatoid arthritis
patients treated with tocilizumab, the rate of clinical
disease activity index (CDAI) remission at 24 weeks is
superior in those with higher titers of I[gM-rheumatoid
factor at baseline / Modern Rheumatol. 2011; 21(4):
370-4.DOI:10.3109/s10165-010-0409-0.

Keystone E.C., Curtis J.R., Fleischmann R.M., Furst
D.E., Khanna D., Smolen J. S.et al. Rapid Improvement
in the Signs and Symptoms of Rheumatoid Arthritis
Following Certolizumab Pegol Treatment Predicts
Better Longterm Outcomes: Post-hoc Analysis of a
Randomized Controlled Trial // J. Rheumatol. 2011;
38(6): 990-6. DOI: 10.3899/jrheum.100935.

73



Fedkov D.L., Komkina M.O.

30.

31.

32.

34.

36.

37.

38.

39.

40.

41.

74

. Lezcano-Valverde J.M.

Kim K.J.,Tagkopoulos I..Application of machine
learning in rheumatic disease research // The Korean
Journal of Internal Medicine. 2018; 34(4): 708-22.
DOI: 10.3904/kjim.2018.349.

Kojima T., Yabe Y., Kaneko A., Hirano Y., Ishikawa
H., Hayashi M. et al. Monitoring C-reactive protein
levels to predict favourable clinical outcomes from
tocilizumab treatment in patients with rheumatoid
arthritis / Modern Rheumatol. 2013; 23(5): 977-85.
DOI: 10.3109/s10165-012-0782-y.

Lee H-N., Kim Y-K., Kim G-T. et al. Neutrophil-
to-lymphocyte and platelet-to-lymphocyte ratio as
predictors of 12-week treatment response and drug
persistence of anti-tumor necrosis factor-o agents in
patients with rheumatoid arthritis: a retrospective chart
review analysis // Rheumatol. Inter. 2019; 39(5): 859-
68. DOI: 10.1007/500296-019-04276-x

et al. Development and
validation of a multivariate predictive model for
rheumatoid arthritis mortality using a machine learning
approach // Scientific. Reports. 2017; 7(1): 10189 DOI:
10.1038/s41598-017-10558-w.

Ling S., Bluett J., Barton A. Prediction of response to
methotrexate in rheumatoid arthritis // Expert Review
of Clinical Immunology. 2018; 14(5): 419-29. DOI:10.
1080/1744666x.2018.1465409.

. Maillefert J.-F., Puéchal X., Falgarone G., Lizard G.,

Ornetti P, Solau E et al. Prediction of response to
disease modifying antirheumatic drugs in rheumatoid
arthritis // Joint. Bone Spine. 2010; 77(6): 558-63.
DOI:10.1016/j.jbspin.2010.02.018.
Maldonado-Montoro M., Cafiadas-Garre M., Gonzélez-
Utrilla A., Angel Calleja-Hernandez M. Influence of IL6R
gene polymorphisms in the effectiveness to treatment with
tocilizumab in theumatoid arthritis // The Pharmacogen. J.
2016; 18(1): 167-72. DOI:10.1038/tpj.2016.88.
Mavragani C.P, La D.T., Stohl W., Crow M.K.
Association of the response to tumor necrosis factor
antagonists with plasma type I interferon activity and
interferon-beta/alpha ratios in rheumatoid arthritis
patients: a post hoc analysis of a predominantly
Hispanic cohort // Arthr. Rheum. 2010; 62(2): 392-401.
DOI: 10.1002/art.27226.

McLeod J. T cell ageing and immune surveillance //
Advances in Cell Aging and Gerontology. 2020; Vol.13:
159-72. DOL: 10.1016/S1566-3124(02)13009-4.

Nair S. C. et al. A Personalized Approach to Biological
Therapy Using Prediction of Clinical Response Based
on MRP8/14 Serum Complex Levels in Rheumatoid
Arthritis Patients / PLOS ONE. 2016; 11(3): 1-12.
DOI:10.1371/journal.pone.0152362.

Narvéez J., Magallares B., Diaz Torné C., Herndndez
M. V., Reina D., Corominas H. et al. Predictive factors
for induction of remission in patients with active
rheumatoid arthritis treated with tocilizumab in clinical
practice // Seminars in Arthritis and Rheumatism. 2016;
45(4): 386-90. DOI:10.1016/j.semarthrit.2015.07.001.
Nishina N., Kikuchi J., Hashizume M., Yoshimoto K.,
Kameda H., Takeuchi T. Baseline levels of soluble

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

interleukin-6 receptor predict clinical remission
in patients with rheumatoid arthritis treated with
tocilizumab: implications for molecular targeted
therapy // Ann. Rheum. Dis. 2013; 73(5): 945-7. DOI:
10.1136/annrheumdis-2013-204137.

Ogata A., Hirano T., Hishitani Y., Tanaka T. Safety
and Efficacy of Tocilizumab for the Treatment of
Rheumatoid Arthritis // Clinical Medicine Insights:
Arthritis and Musculoskeletal Disorders. 2012; Vol. 5:
27-42. DOI:10.4137/cmamd.s7371.

Okano T., Inui K., Tada M., Sugioka Y., Mamoto K.,
Wakitani S. etal. Levels of interleukin-1 beta can predict
response to tocilizumab therapy in rheumatoid arthritis:
the PETITE (predictors of effectiveness of tocilizumab
therapy) study / Rheumat. International. 2015; 36(3):
349-57. DOI: 10.1007/s00296-015-3379-x.

Orange D.E. et al Identification of Three Rheumatoid
Arthritis Disease Subtypes by Machine Learning
Integration of Synovial Histologic Features and RNA
Sequencing Data // Arthr. Rheumatol. 2018; 70(5): 690-
701. DOI: 10.1002/art.40428.

Patro P.S., Singh A., Misra R., Aggarwal A.Myeloid-
related Protein 8/14 Levels in Rheumatoid Arthritis:
Marker of Disease Activity and Response to
Methotrexate // J. Rheumatol. 2016; 43(4): 731-7. DOI:
10.3899/jrheum.150998.

Peres R.S., Liew F.Y., Talbot J. et al. Low expression of
CD39 on regulatory T cells as a biomarker for resistance
to methotrexate therapy in rheumatoid arthritis //
Proceedings of the National Academy of Sciences of
the United States of America. 2015; 112(8): 2509-14.
DOI: 10.1073/pnas.1424792112.

Pers Y.-M., Fortunet C., Constant E., Lambert J.,
Godfrin-Valnet M., De Jong A. et al. Predictors of
response and remission in a large cohort of rheumatoid
arthritis patients treated with tocilizumab in clinical
practice // Rheumatol.2013; 53(1): 76-84. DOI:10.1093/
rheumatology/ket301.

Robinson W.H., Mao R. Biomarkers to guide
clinical therapeutics in rheumatology? // Curr. Opin.
Rheumatol. 2016; Vol. 28: 168-75. DOI: 10.1097/
BOR.0000000000000250.

Sanayama Y., lkeda K., Saito Y., Kagami S., Yamagata
M., Furuta S. et al. Prediction of Therapeutic Responses
to Tocilizumab in Patients With Rheumatoid Arthritis:
Biomarkers Identified by Analysis of Gene Expression
in Peripheral Blood Mononuclear Cells Using Genome-
Wide DNA Microarray // Arthr.Rheumatol. 2014; 66(6):
1421-31. DOI:10.1002/art.38400.

Sellam J.,Marion-Thore S., Dumont F., Jacques
S., Garchon H-J., Rouanet S.et al. Use of Whole-
Blood Transcriptomic Profiling to Highlight Several
Pathophysiologic Pathways Associated With Response
to Rituximab in Patients With Rheumatoid Arthritis //
Arthr. Rheumatol.2014; 66(8): 2015-25. DOI 10.1002/
art.38671.

Sellam J., Riviére E., Courties A., Rouzaire P.-O.,
Tolusso B., Vital E. et al. Serum IL-33, a new marker
predicting response to rituximab in rheumatoid arthritis

ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Meouuna nayka Yxpainu, 2020, Vol. 16, Ne 1



TREATMENT RESPONSE PREDICTION IN PATIENTS WITH RHEUMATOID ARTHRITIS. REVIEW

// Arthr. Res. Therap. 2016; 18(1): 294 DOI: 10.1186/ to anti-TNF treatment in rheumatoid arthritis / The
s13075-016-1190-z. Pharmacogenom. J. 2016; 18(1): 81-6. DOI: 10.1038/
52. Singh A.Patro P.S. Aggarwal A. MicroRNA-132, tpj.2016.66.
miR-146a, and miR-155 as potential biomarkers of 56. Vastesaeger N., Kutzbach A.G., Amital H., Pavelka K.,
methotrexate response in patients with rheumatoid Lazaro MA., Moots R.J. et al. Prediction of remission
arthritis / Clin. Rheumatol. 2019; 38(3):877-84. DOI: and low disease activity in disease-modifying anti-
10.1007/s10067-018-4380-z. rheumatic drug-refractory patients with rheumatoid
53. Smolen J.S. et al. EULAR recommendations for the arthritis treated with golimumab // Rheumat. 2016;
management of rheumatoid arthritis with synthetic 55(8): 1466-76, DOI:10.1093/rheumatology/kew179.
and biological disease-modifying antirheumatic drugs: 57. Vicen¢ T-S. et al. Renacer study: Assessment of
2016 update // Ann.Rheum.Dis. 2017; Vol. 76: 960-77. 12-month efficacy and safety of 168 certolizumab
DOI: 10.1136/annrheumdis-2016-210715. PEGol rheumatoid arthritis-treated patients from
54. Smolen J. S., van Vollenhoven R. F., Florentinus S., a Spanish multicenter national database / Modern
Chen S., Suboticki J. L., Kavanaugh A. Predictors Rheumatol. 2015; 26(3): 336-41. DOI.:10.3109/14397
of disease activity and structural progression after 595.2015.1101200.
treatment with adalimumab plus methotrexate or 58. Weyand C.M.,Klimiuk P.A., Goronzy J.J. Heterogeneity
continued methotrexate monotherapy in patients with of rheumatoid arthritis: from phe- notypes to genotypes
early rheumatoid arthritis and suboptimal response to /I Springer. Semin. Immunopathol. 1998; 20: 5-22.
methotrexate / Ann. Rheum. Dis. 2018; 77(11): 1566- DOI: 10.1007/BF00831996.
72. DOI: 10.1136/annrheumdis-2018-213502. 59. Yu M. B, Firek A., Langridge W. H. R. Predicting
55. Sode J., Vogel U., Bank S., Andersen P. S., Hetland M. L., methotrexate resistance in rheumatoid arthritis patients
Locht H. et al. Confirmation of an IRAK3 // Inflammopharmacology. 2018; 26(3): 699-708. DOI:
polymorphism as a genetic marker predicting response 10.1007/s10787-018-0459-z.

IMPOIrHO3YBAHHS BIJIIOBI/II JIIKYBAHHS Y XBOPUX HA PEBMATOIiJTHUI APTPUT. Orasia
Deovkos /1.1, Komkina M.O.

Hayionanvnuii meouynuii ynisepcumem imeni O.0.5ocomonvys, Kuis, Ykpaina

AxTyanbHicTb. ChOrOJHI JOCTYIIHA BEJIMKA KiTBKICTh Pi3HOCIPSIMOBaHOI TapreTHOI Teparlii peBmaroinHoro aprputy (PA), Tomy
icHye moTpeba B HaIiifHUX MPEAUKTOpax, ki MoK O OyTH BUKOPUCTaHI JUISl TOYHOTO MTPOTHO3YBAHHS e()eKTUBHOCTI a00 Hee()eKTHB-
HOCTI OKpPEMHUX NPEMNapariB y KOHKPETHUX Mali€HTiB. BUkoprcTaHHs NpeAUKTOPiB MOXKE MOMIMIINTH AiarHOCTUKY Ta IPOTHO3YBaHHS,
HEepCOHAi3yBaTH JiKyBaHHs Ta 3MEHILIMTH BUTPATH HA OXOPOHY 3/10pPOB’s.

Merta: npoanaii3yBaTu Ta CHCTEMAaTU3yBaTH BUBUSHI IPEAUKTOPH BiATIOBIAI HA JIiKyBaHHS y XBOpUX Ha PA.

Marepiaau Ta MeToau. Mu cucteMaru3yBalii HEI0IaBHO BUSIBJICHI PEAMKTOPH Bi/INOBII Ha JiKyBaHHs XBopuX 3 PA nipoanatisy-
BaBIIIM TeMaTU4Hi cTarTi nuToBani B PubMed, Lilacs Ta EMBASE 3 ciuns 2005 poxy 1o ciunas 2020 poxy.

PesyabraTn. 3a pesyisraraMu JOCIIKEHb, MTPEIMKTOPAMU BiIINOBiIi Ha METOTpEKcarT BUSBUIINCHL BUCOKI 3HAQYEHHS CPEIHBO-
ro DAS28 (Disease Activity Score), koHtenTpaiist mieaoinnux OinkiB 8/14, Bucokuit piBenb P-gp, HU3bKI piBeHi KaJIbIIPOTEKTUHY Ta
JIENTHHY, KOHLIEHTpais ¢axktopa Hekpo3y myxannu (PHII)-a B cuposarui kpoBi 10 nouyarky aikyBanus, penentopu ®HII I, intepueii-
kiny (IJ)-1PB, pozunnna gpopma CD163, kinbkicts CD14+highCD16, monekyna aaresii cyMHHMX KIITHH, HUK4Ya ekcripecist hsa-miR-
132-3p, hsa-miR-146a-5p Ta hsa-miR-155-5p. IlepcnekTHBHIMU MPEIUKTOPAMHU BiAMOBiNI HA Oi0NOTIUHY Tepartiio y akTUBHUX XBOPUX
Ha PA € uonoBiva crare, Monommuii Bik, Hokumnii nokazunk HAQ (health assessment questionnaire), MIBUIKICTh OCifaHHSI €PUTPO-
uTiB a60 C-peakTHBHUI OiOK, CHiBBiIHOMICHHS HEUTPOQiniB 10 TIM(OIUTIB Ta TPOMOOIUTIB 10 JTIMPOIUTIB, KiTbKiCTh OOTHOUUX
a00 HAOpsKIUX Cyr100iB, BiZICYTHICTh CyIMyTHIX 3aXBOPIOBaHb, BUXIAHUI piBeHb anbOyMiHy Ta intepneiikiny 1JI-34, LJI-1B, D-aumepy,
¢ibpunoreny, marpukctoi meranonporeinazu 3, DAS 28 u SDAI (Simplified Disease Activity Index). AkruBHicts inTepdepony (IOH)
y mma3Mi kposi, criBBingHomenHs 6eta / anbpa IOH ta piBens 1JI-1Ra npornosysanu Bianmosiap y mamieHTiB 3 PA, sixi oTpumyBanu
anraronict ®HII-a. [Ipenukropamu Binnosini ua inridiropu 1JI-6 Gyim mo3uTHBHI aHTHUTINIA 10 TMKITIYHOTO HUTPYJTIHOBOTO METITHILY
(AIILIIT), Buxigauit moka3Huk 3a mkanot lllapna / Ban-gep-Xeiinena, MienoinHa po3unHHA MOJIEKyIa MKKIITHHHOT aaresii 1, cupo-
BarkoBi piBHi plJI-6R, 1J1-8, kanenporekriny, Mapkepu JsiMdoinHoi akTuBaiii i pemozenoBanHs KicTku. [IporHos kpartoi Bixnosini Ha
putykcimab, Bu3HadaBcst sk komOiHaris 1J1-33, peBmaroinunoro ¢akxropa abo AL, IgG, a Takox MeHIIOT KiJIbKOCTI onepeaHboi 6io-
noriyHoi Tepamnii. [ eHeTHYHI YMHHUKHY, Taki SK OTHOHYKJICOTHAHMN nodaiMopdizm B nokyci reniB rs10919563, rs11541076, rs12083537,
rs11265618 i rs1801274 i rs396991, Takoxk MOXKyTb OyTH BUKOPUCTaHI JJIsl IPOTHO3YBAHHS! BiJIIIOBI/Ii Ha JTiKyBaHHSI.

BucnoBku. OHi€ro 3 mpoBiTHUX TPoOIeM po3poOKH MPEAUKTOPIB 3aTUIIAETLCS 30ip sikicHOT Ta MOBHOI iH(opMaii cepen Beankol
KiJTbKOCTI martieHTiB. {15 1boro HeoOXiHO po3pobuTu tudpoBy nporpamy Juist 300py criermu@ivHuX JaHuX (B 3a1€KHOCTI BiJl KOHKpET-
HOT'0 3aXBOPIOBAHHSI) i CTBOPEHHS HOBHX AITOPUTMIB IS TIPOTHO3YBAHHS BiAMOBII HA NiKyBaHHSL.

PEBMATOITHUIT APTPUT, JTiKyBaHHS, BiAMOBIAb HA JTiKyBaHHS, IPOrHO3YBAHHSI.
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MPOTHO3UPOBAHUE OTBETA HA JIEYUEHUE Y MAIUEHTOB C PEBMATOU/IHBIM
APTPUTOM. O630p

Deovkoe JI.J1., Komkuna M.A.

Hayuonansuerii meouyuncrkuii ynusepcumem umenu A.A. bocomonsya, Kues, Ykpauna

AKTYaIbHOCTB. CerojiHs 10CTyHO O0JIbIIOE KOJMYECTBO Pa3HOHAIPABIICHHOM TapreTHOM Tepanuu pesmarouHoro aprpura (PA),
MOATOMY CYIIECTBYET HEOOXOIMMOCTh B HAJIEKHBIX MIPEANKTOPAX, KOTOPBIE MOTIIN OBl OBITH MCTIOIB30BAHBI Al TOYHOTO IPOTHO3UPOBA-
HUs 3G dexTUBHOCTH Wit HEA(PEKTUBHOCTH OTAEIBHBIX IIPENAPATOB Y KOHKPETHBIX MalMeHToB. HcIoib30BaHne NPEINKTOPOB MOXKET
YIIYYIINTb JUArHOCTHKY M IPOrHO3UPOBAHUE, IIEPCOHAIM3UPOBATD JICYUEHHUE U YMEHBIIUTh PACXO/Ibl HA 31PABOOXPAHEHHUE.

Leab: mpoaHanu3upoBaTh U CUCTEMATU3UPOBATH U3yUEHHbIE IPEAUKTOPBI OTBETA Ha JiedeHne y O0nbHBIX PA.

MarepuaJjibl U MeToAbI. Mbl CUCTEMATH3MPOBAJIM HEJIABHO OIPEIE/ICHHbIE MPEANKTOPBI OTBETA HA JICUeHUE rnaireHToB ¢ PA, ripoa-
HaIM3MPOBAB TeMaTHUecKue crarey, nutupyemsle B PubMed, Lilacs 1 EMBASE c stBapst 2005 roza mo stuaps 2020 rona.

Pesyabratsl. Ha ocHOBe pe3ynbTaroB psijia UCCIIeN0BaHUM, TPEJUKTOPAMH OTBETA HA METOTPEKCAT OKa3aJMCh BBICOKME 3HAUYEHUE
no mkane DAS28 (Disease Activity Score), koHIIEHTpaIss MHETOUAHBIX OenkoB 8/14, BeICOKHMiT ypoBeHs P-gp, HU3KHE YPOBHHU CHIBO-
POTOYHOTO KaJIbIIPOTEKTUHA U JENTHHA, KOHIIEHTpanus (pakropa Hekpoza omyxonu (PHO)-o B CHIBOPOTKE KPOBH 10 Havaja JIEUSHNS,
peuenropst ®HO I, WJI-1pB, pacrBopumas popma CD163, konmuuectBo CD14+highCD16, Mosneky:ia aare3nu CoCyAUCThIX KIETOK, Ooiee
Hm3Kas skerpeccus hsa-miR-132-3p, hsa-miR-146a-5p u hsa-miR-155-5p. IlepcnexkTuBHBIMYM NMPEIUKTOPaMK OTBETa HA OMOJOTHUE-
CKYIO TEpaIuio y akTUBHBIX O0NBbHBIX PA sBisieTcss My>KCKOHM T10JI, MOJIOZO# Bo3pact, Hu3kuit rokasaresb HAQ (health assessment
questionnaire), CKOPOCTb OCEAAHHS dPUTPOIUTOB MM C-peakTUBHEIN GET0K, COOTHOIIEHHE HEUTPOPHUIOB K TMMQOIUTaM U TPOMOO-
LUTOB K JUMQOIUTAM, KOJIMYECTBO OOJNIE3HEHHBIX MM MPHUITYXIIUX CyCTaBOB, OTCYTCTBHE COIMYTCTBYIOIIMX 3a00JICBaHUN, HCXOIHBIHI
ypoBenb ans0ymuHa u uarepneiikuna (MJ1)-34, MI-1P, D-numepa, pubpunorena, marpukcHoi merayuionporentassl 3, DAS 28 u SDAI
(Simplified Disease Activity Index). AxtuBnocts nntepdepona (MOH) B mnazme kpoBu, coorHomenue 6era / anspa MOH u yposens
WJI-1Ra nporno3upoBaiu oreT y nauueHToB ¢ PA, noayuasuinx anraronuctst @HO-a. [Ipeaukropamu orBera Ha uHruOuropsl MJI-6
OBLITH MOJIOXKUTENBHBIE aHTUTENA K UKINIECKOMY IUTpYy THHCcoaepkamemy nentuay (ALILIT), nexoansrit nokasaresns mo mxasne Hlap-
na / Ban-nep-Xeiine, MuenonHas pacTBOpUMasi MOJIEKylla MEXKKIIETOUHOM anare3un 1, ceiBoporounsie ypoBuu pHJI-6R, NJI-8, kab-
MPOTEKTHH, MapKepPhI TIM(POUTHOMN aKTHBAIIMN U PEMOJETUPOBaHHS KOcTH. [[poruo3 mywmero oTBeTa Ha pUTYKCUMad ONpeersiics Kak
komOuHanus UJI-33, pesmarounnoro ¢axropa uau ALLIL IgG, a Takke MeHbIIEro YKCTa MPEIIICCTBYONICH OUOIOruYecKol Tepa-
. ['eneTndeckue GpakToprl, Takue Kak OJHOHYKJICOTHIHbIE MOJIUMOPPHU3MBI B JoKyce reHoB rs10919563, rs11541076, rs12083537,
rs11265618 u rs1801274 1 rs396991, Takxke MOTyT OBITH UCTIOJIH30BAHBI JIJII IPOTHO3UPOBAHUS OTBETA HA JICUCHHUE.

BeiBoabl. Benyeii npodiaemoii pa3paboTku MpeMKTOpoB ocTagTest cOOp KaueCTBEHHOM U MOJIHOM MH(OpMALK 0T OOJIBIIOr0 KO-
JTMYECTBA MAIMEHTOB. J{71s1 3TOro HeoOX0MUMO pa3padboTaTh UPPOBYIO MpOrpamMmy s cOopa criermpuieckuX TaHHbIX (B 3aBUCIMOCTH
OT KOHKPETHOTO 3a00JI€BaHNSI) ¥ CO3/IaHMSI HOBBIX QJITOPUTMOB JUJIsl IPOTHOZUPOBAHUS OTBETA HA JIEUCHHE.

KunroueBbie cjioBa: peBMarouHbIi apTPUT, JICUSHUE, OTBET HA JICYUEHHUE, IIPOTHO3.
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