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ABBREVIATIONS USED 

Used Latin abbreviation 
ACR - American College of Rheumatology 

ACA - anti-centromere AT 

ANA - antinuclear antibodies 

ANCA - antineutrophil cytoplasmic antibodies 

ARA - American Rheumatism Association 

AZA - azathioprine 

BAL - bronchoalveolar lavage 

COMP - cartilaginous oligomeric matrix protein 

CREST syndrome (calcinosis, Raynaud's phenomenon, esophageal dysfunction, sclerodactyly 

and telangiectasia) 

CTGF - connective tissue growth factor 

CYC - Cyclophosphamide 

DIP - distal interphalangeal joint 

D LCO - diffusing capacity of the lung for carbon monoxide 

dcSSc - diffuse cutaneous systemic sclerosis - diffuse cutaneous systemic sclerosis 

dsDNA - double-stranded Deoxyribonucleic acid antigen 

EBV - Epstein-Barr virus 

ECM - the extracellular matrix 

ELISA - enzyme-liked immunosorbent assay 

EMC - eosinophilia-myalgia syndrome 

ENA (extractable nuclear antigen antibodies) - extractable antinuclear antibodies 

ET-1 - endothelin-1 

EULAR - European League Against Rheumatism 

FVC - boosted vital capacity  

HIF-1 is hypoxia-inducible factor-1 

HLA - human leukocyte antigen 

HRCT (high resolution computer tomography) - high resolution computed tomography 

HSCT - hematopoietic stem cells  

IFN - interferon 

IGF - insulin-like growth factor 

ILD (interstial lung disease) - interstitial lung disease 

IL-1β is interleukin-1β 

lcSSc - limited cutaneous systemic sclerosis - limited cutaneous systemic sclerosis 

LPA1 - lysophosphatidic acid 1 

LVEF - left ventricular ejection fraction 

MCP - metacarpophalangeal joint 

MCTD - Mixed connective tissue disease  

MHC - M ajor H istocompatibility C omplex - the main complex of tissue compatibility   

mRSS - modified Rodnan Skin Score - modified Rodnan Skin Score 

NSIP - nonspecific interstitial pneumonia 

NLRP1 is an inflammatory scandal 

NPV - negative predictive value  

NXP2 - nuclear matrix protein-2 

PDGF - platelet-derived growth factor 

PIP - proximal interphalangeal joint 

PM / DM - polymyositis / dermatomyositis 

PPAR-γ - peroxisome proliferator-activated receptor-γ 
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PPV - positive predictive value 

PTPN22 - protein tyrosine phosphatase, non-receptor type 22 

R A - rheumatoid arthritis - rheumatoid arthritis 

Scl70 - topoisomerase and antigen 

SD - scleroderma 

SLE - Systemic Lupus Erythematosus  

Sm - Smith antigen 

Sp (specifity) - specificity 

SRC - Sclerodermal renal crisis  

SSc - Systemic Sclerosis - systemic sclerosis 

SSc-linked AAT - scleroderma-linked autoantibodies 

TFR - tendon friction rub - tendon friction when slipping  

TGF-β - transforming growth factor-β 

Th - T helper cell 

TIF1-γ - transcription factor-γ 

TIMPs - a tissue inhibitor of metalloproteinases 

TLC - total lung capacity 

TNF-α - tumor necrosis factor α 

TLR - Toll-like receptor pathway  

UCTD - undifferentiated connective tissue disease 

U1RNP AAT - U1ribonucleoprotein antigen 

VEDOSS - Very Early Diagnosis Of Systemic Sclerosis  

VEGF - vascular-endothelial growth factor 

Used abbreviation of Cyrillic 
AA - autoantibodies 

At - antibodies 

BACH - pulmonary arterial hypertension 

CS - corticosteroids 

PSS - progressive systemic sclerosis 

RF - Raynaud's phenomenon 

CEA - carcinoembryonic antigen 

SZST - systemic connective tissue disease 

SLE - systemic lupus erythematosus 

SZST - systemic obstruction of the connective tissue 

STDs - mixed connective tissue disease 

US - ultrasonography  

FID - functional examination of respiration 

MRI - magnetic resonance imaging 

 

 

 

 

 

 

 

 

 

 



7 

 

1. INTRODUCTION 

 

Systemic sclerosis (SC) is a chronic, immunomediated rheumatic disease 

characterized by a heterogeneous clinical picture, multisystem limited involvement, and 

high mortality. (134, 221). Beginning as vasculopathy involving the microcirculation, it 

ends in severe fibrosis of the skin and internal organs. Despite advances in the field in 

recent years and numerous clinical studies and developments shedding light on increasing 

aspects of the etiology and pathogenesis of the disease , the therapeutic response of patients 

with SS remains a challenge in modern rheumatology. Treatment focuses on addressing 

the individual symptoms of the disease, but lacks effective disease-modifying therapy. 

(118, 122, 130, 222). Therefore, the search for a systematic approach to comprehensively 

addressing this suffering is relevant at the moment and a number of research searches are 

focused on it. 

The prevalence of SS varies from 7 to 33 per 100 thousand, and its incidence from 

0.6 to 2.3 per 100 thousand / year (44, 45, 220 ). Overall survival has improved over the 

last few decades and is approximately 12 years from diagnosis (67). Despite the demand 

for and application of innovative biomarkers and therapies, we still do not have good 

enough control over the disease (3). The main problem remains high mortality (highest in 

rheumatic diseases) due to severe multiorgan involvement and lack of effective treatment 

(51). 

The JAK / STAT signaling pathway is a major mechanism by which cytokines and 

growth factors function (110). After binding of cytokines to their receptors, JAK kinases 

mediate the transmission of signals to the cell nucleus by activation of S TAT cascades. 

Recent studies have demonstrated the role of IL6 / JAK / STAT in myofibroblast 

activation, causing organ fibrosis . (126, 127, 203, 224, 225). However, data on the use of 

JAK inhibitors in patients with CC are quite scarce (3, 7, 8 , 203 ). Tofacitinib is the first 

JAK inhibitor approved for the treatment of rheumatoid arthritis, but also used to treat 

other rheumatic diseases. 

This motivates us to study the effect of blockade of the JAK / STAT by the tracheal 

route in these patients, through innovative and reliable research methods, in order to 

practically apply a new treatment in patients with this severe, disabling disease. 
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2. PURPOSE AND TASKS OF THE DISSERTATION 

 
 2.1. Purpose  

Evaluation of the efficacy and safety of Tofacitinib in affecting skin, joint and intra-organ 

involvement in patients with systemic sclerosis compared with treatment with Methotrexate. 

 

 2.2. Tasks 

1. Study of the effect of Tofacitinib therapy on skin involvement assessed by mRSS and 

high-frequency ultrasonography and of the effect on digital ulcers . 

2. Study of the effect of tofacitinib therapy on joint and tendon involvement as assessed 

by the US10SSc score 

3. Study of the effect of tofacitinib therapy on lung involvement assessed by 

ultrasonography and measurement of forced vital capacity ( FVC) 

4. Study of the effect of tofacitinib therapy on internal organ involvement assessed by 

splenic and hepatic elastography 

5. Quality of life study of patients treated with Tofacitinib , assessed by patient 

questionnaires PROMIS 29, SHAQ, PGA VAS, CGA VAS 

6. Safety study in treatment s Tofacitinib and reported adverse reactions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 

 

3. MATERIALS AND METHODS 

 3.1 . Patients 

 

The study included 66 patients with SS (59 women and 7 men) aged 22-70 years , average 

age 48.45 ± 12.35 years for the TOF group and 48.21 ± 11.51 years for the MTX group, in the 

period between 2018 and 2021 in the Rheumatology Clinic of Kaspela University Hospital. 

Patients were divided into 2 groups in a ratio of 1: 1. 33 of them received therapy with TOF 

5mg, 2 times a day; 33 received MTX therapy 7.5-10mg once a week. 

All patients meet the ACR / EULAR Systemic Sclerosis Classification Criteria, 2013 (192). 

They were classified and evaluated according to accepted international criteria for those with 

limited skin form, limited SSc (l with SSc) or diffuse skin form, diffuse SSc (d with SSc). Of 

the patients on tofacitinib ( TOF ) therapy, 14 ( 42 %) had dcSSc and 19 ( 58 %) had lcSSc . Of 

the patients treated with methotrexate ( MTX ), 12 ( 36 %) had dcSSc and 21 ( 64 %) had lcSSc 

.  

The duration of the disease, as of the first non-early manifestations, was 34.69 (± 16.03) 

months in the TOF group and 34.54 (± 15.01) in MTX patients . 

All patients signed an informed consent for physical, paraclinical and instrumental 

examinations , including the applied treatment . Comprehensive assessment of patients includes 

physical status; hematological, biochemical and immunological indicators - ANA , anti - Scl 

70, ACA ; anti - RNA polymerase III , RF, anti-CCP; instrumental methodology - skin 

ultrasound, high-frequency musculoskeletal ultrasonography ( two- dimensional and Power 

Doppler ) , LUS , transthoracic echocardiography, elastography of the spleen and liver. Forced 

vital capacity (FVC) and high-resolution computed tomography (HRCT) studies were also 

performed in patients with LUS evidence of ILD . 

The studies were performed in accordance with the requirements of Good Clinical Practice 

and in compliance with the Declaration of Helsinki on the rights of subjects. 

 

The study was approved by the IEC (Local Ethics Commission) at the University Hospital 

Kaspela, May 14, 2018. The opinion of the Ethics Committee is that "Research meets the 

standards and criteria of science, ethics and complies with the requirements of : ethics in 

science, the Principles of Good Clinical Practice, the Bulgarian laws and regulations for 

conducting clinical and scientific research with human participation ", for which a document 

with outgoing number 58B / 22.05.18 was issued. 
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 3.1.1. Including and excluding criteria 

 3.1.1.1. Including criteria 

1) Meet the 2013 ACR / EULAR classification criteria . 

2) Duration of the disease ≤ 5 years (from the beginning of the first non-Raynaud's 

manifestations) 

3) mRSS ≥ 10 and less than 30 per day 0 

4) Oral corticosteroids are allowed ( ≤ 10 mg / day prednisone or equivalent) at a stable 

dose for at least 2 weeks before the start of the study. 

5) Age ≥ 18 years at inclusion 

6) Signed informed consent 

   

 3.1.1.2. Excluding criteria 

1) Presence of a rheumatic disease other than SS 

2) Presence of acute bacterial infections in the last 3 months or presence of chronic 

bacterial infections 

3) Current therapy with hydroxychloroquine, D-penicillamine, mycophenolate mofetil or 

cyclophosphamide 

4) Therapy with biological disease-modifying antirheumatic drugs in the last 3 months 

5) Patients at increased risk of tuberculosis 

6) Positive test for hepatitis B and C up to 30 days before the start of the study 

7) History of HIV 

8) Current or previous history of uncontrolled, clinically significant lung, heart, 

gastrointestinal, liver, kidney, hematological, neurological or endocrine diseases. 

9) Pregnant or lactating patients 

10) Significant deviation from the reference values of the following indicators: hemoglobin, 

hematocrit, leukocytes, neutrophils, platelets, lymphocytes, AST, ALT, bilirubin 

11) History of recurrent or disseminated shingles or herpes simplex 

12) History of malignancy in the last 5 years with the exception of adequately treated basal 

cell or squamous cell carcinoma or cervical cancer in situ. 

 

 3. 2 . Study design 

52-week, single-center, prospective, interventional study. 
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At the start of the study, patients were assigned to 1 of the 2 drug arms ( TOF and MTX) 

and monitored at weeks 12, 26 and 52. At each patient visit, a medical history was taken and 

physical examination performed, instrumental tests - skin ultrasound , high-frequency 

musculoskeletal ultrasonography (two-dimensional and Power Doppler) , performed an 

assessment of disease activity using a visual analog scale, provided patient questionnaires, and 

performed an assessment of adverse events to date. At week 0 and week 52, lung ultrasound, 

spleen and liver elastography, and transthoracic echocardiography were performed to examine 

the pressure in the pulmonary artery. FVC and HRCT were also performed in patients with 

ultrasound evidence of ILD on weeks 0 and 52 . The study was performed first by a specialist, 

and then by the doctoral student under the guidance of a specialist (Table 1). 

 

Table 1 - Visit study design 

 Week 0 Week 

12 

Week 

26 

Week 

52 

An informed consent ●    

Including and excluding criteria ●    

Medical history ● ● ● ● 

Physical examination ● ● ● ● 

Ultrasound of the skin ● ● ● ● 

Joint ultrasound ● ● ● ● 

CGA VAS ● ● ● ● 

PGA VAS ● ● ● ● 

SHAQ, PROMIS-29 ● ● ● ● 

LUS ●   ● 

Elastography of the spleen and liver ●   ● 

Echocardiography ●   ● 

FVC * ●   ● 

HRCT * ●   ● 

Assessment of adverse events ● ● ● ● 

* In these patients with LUS data for ILD 

 

 

 3. 3 . Assessment methods and tools used in the study 

3. 3 .1. Clinical methods - examination and palpation of the skin 

A standard physical examination was performed, according to the rules of Propaedeutics 

of Internal Medicine, local rheumatological status, including m odified Rodnan Skin Score 

(mRSS) - see Applications. 

 



12 

 

3.3.1.1. The Visual Analog Global Rating Scale 

The overall condition of patients treated with TOF and MTX was assessed at baseline, 

month 3, month 6, and month 12 on the Visual Analog Scale for Global Assessment . The VAS 

scale includes values from 0 to 100, with higher values corresponding to worse overall 

condition. In the current sector, the results of the evaluation made by the doctor (CGA) and by 

the patients themselves ( PGA) are presented (33) . 

3.3.1.2. Assessment of the quality of life of patients with scleroderma ( Scleroderma HAQ, 

SHAQ) 

During treatment with TOF and MTX, the manifestations of systemic sclerosis were 

monitored according to the SHAQ (Scleroderma Health Assessment Questionnaire) at four time 

points: baseline, 3 months, 6 months and 12 months. you month. 

According to the rating scale, the system includes two types of answers. Difficulties in 

dressing and dressing, getting up, eating, personal hygiene, walking, reaching for an object, 

grabbing and other activities were measured on an ordinal scale with the following levels: 1 = 

without any difficulty; 2 = with some difficulty; 3 = with great difficulty; 4 = I can't do it. The 

second type of response was measured on a long-term scale, including values from 0 to 100 

(VAS) on disease severity, Raynaud's disease, disease-related pain, finger injuries, breathing 

problems and intestinal problems. In both types of responses, an increase in values corresponds 

to a worsening of the disease and vice versa, a decrease in values indicates an improvement in 

the condition of patients associated with the disease. 

    

3.3.1.3. Patient Reported Outcomes Measurement Information System (PROMIS) 

The PROMIS information system includes 29 questions, 28 of which follow an ordinal 

scale and the last question №29 measures the degree of pain on a long scale (0 to 10). For the 

purpose of the analysis, questions 1 to 28 were grouped into seven categories covering key 

aspects related to the quality of life of patients. 

1) Physical function (questions 1,2, 3 and 4) 

2) Fatigue and exhaustion ( questions 13, 14, 25 and 16) 

3) Influence of pain (questions 25, 26, 27 and 28) 

4) Sleep disorders (questions 17, 18, 19 and 20 ) 

5) Anxiety and fear (questions 5, 6, 7 and 8) 

6) Depression and helplessness (questions 9, 10, 11 and 12) 

7) Difficult participation in social roles and activities (questions 21, 22, 23 and 24) 
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Each of the above aspects of patients' quality of life was measured on a scale of 1 to 5, 

corresponding to the absence or persistent presence of difficulty / problem with the following 

degrees: 1 = never, 2 = rare, 3 = sometimes, 4 = frequent, 5 = constantly. A decrease in the 

mean value at time points compared to the zero level indicates a reduction in the difficulties 

associated with the disease and an improvement in the quality of life according to the studied 

indicators. Conversely, an increase in the mean corresponds to an increased degree of disease-

related difficulties and a deteriorating quality of life. 

  

3.3.1.4. Assessment of adverse events and adverse reactions 

At each visit, patients were interviewed and the presence of adverse events and adverse 

reactions was documented. The information was classified and entered into files for further 

statistical processing. 

  

 

3. 3 .2. Laboratory and immunological methods - hematological, biochemical and 

immunological indicators - ANA, anti-Scl70, ACA; anti-RNA polymerase III , RF, anti-CCP; 

acute phase reactants - CRP, ESR.  

  

3. 3 .3. Instrumental methods - The study used high-end ultrasound with high-frequency probes 

up to 18 MHz to assess skin thickness, to assess joint and tendon involvement, ultrasound of 

the lung, elastography of the liver and spleen and echocardiography to measure pulmonary 

artery pressure (99, 147, 149). 

 

3. 3 .3.1. Two-dimensional ultrasonography 

3. 3 .3.1.1. Two-dimensional ultrasonography for skin assessment  

 The measurement of the skin thickness was performed with a General Electric Logic E9 

device and a linear high-frequency transducer with a frequency of 18 MHz at the designated 

places with B-Mode CS - see Applications. The transducer is placed perpendicular to the skin 

with a sufficient amount of gel, which allows separate visualization of the epidermal layer of 

the skin from the border of the transducer . The criterion for quality performance of the MB 

was the reproducibility of the echo signal, which distinguishes epidermis, dermis and 

subcutaneous tissue. The device was adjusted to visualize superficial structures and position the 

acoustic window at the level of skin and subcutaneous adipose tissue with a subsequent increase 

in the image of this limit and measure the thickness of the dermis in millimeters (Fig. 1).  
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FIG. 1 High-frequency ultrasonography of the skin ( B-Mode) in a patient with SS . Increased 

skin thickness (dermis ) is visible . 

 

3. 3 .3.1.2. Two-dimensional ultrasonography for assessment of joints and tendons 

Esaote My Lab 7 device and a high frequency linear transducer (10-18 MHz) were 

performed . The frequency of Gray Scale Ultrasound (GSUS) is 12-18 MHz depending on the 

examined joint and GSUS gain is adjusted according to the joint region and patients with an 

average value of about 50%. The following settings are used for PDUS: frequency 9.1 MHz; 

pulse repetition frequency 500–750 Hz; PDUS gain is according to the joint region and patients 

with an average of about 50%; low low wall filter, which was preserved during the study. PDUS 

gain did not change for each patient during the follow-up period. 10 joints of both arms were 

examined: bracelets, second and third metacarpophalangeal (ICF) and second and third 

proximal interphalangeal (PIF) joints and their respective tendons. Several parameters were 

evaluated according to the definitions and standardized protocols of Outcome Measures in 

Rheumatology (OMERACT) for individual pathologies, including the presence of synovitis 

and tenosynovitis. All studied structures were evaluated by GSUS and PDUS. 

GSUS. The bracelet joint was evaluated for the presence of synovitis and tenosynovitis of 

the dorsal, palmar and ulnar scans. MKF2 and MKF3 were evaluated for the presence of 

synovitis and tenosynovitis on the palmar scan and paratenonitis on the dorsal scan, PIF2 and 

PIF3 were evaluated for the presence of synovitis on the palmar scan. The GSUS Synovite is 

graded on a semi-quantitative scale of 0-3. 

PDUS. PDUS was used to grade synovitis and tenosynovitis / paratenonitis on dorsal and 

palmar scans for each joint, grading on a semi-quantitative scale (0-3 st.). 

The rate of GSUS synovitis ranges from 0–30, GSUS tenosynovitis / paratenonitis from 0–
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14, PDUS synovitis from 0–66, and PDUS tenosynovitis / paratenonitis from 0–42. The 

US10SSc score is calculated as the sum of the GSUS synovitis and tenosynovitis / paratenonitis 

scores; and PDUS synovitis and tenosynovitis / paratenonitis. US10SSc ranges from 0-152. (see 

Appendix). 

In FIG. 2 shows an ultrasound image of the B-Mode of synovitis in the wrist joint, and 

FIG. 3 tenosynovitis of the flexor tendon of the finger of the hand is visualized. 

 

 

FIG. 2 Two-dimensional high-frequency ultrasonography for synovitis assessment 

 

  

FIG. 3 Two-dimensional high-frequency ultrasonography to assess tenosynovitis of the flexor 

tendon of the finger 

 

3. 3 .3.2. Lung ultrasound (LUS) 

GE Logic E9 device (3-5 MHz, cardiac profile). In the examined patients an assessment 

was applied with the so-called simplified LUS analysis of the 14 intercostal spaces ( LIS ) 

according to Tardella 2018 (189) , corresponding to Warrick score 7, for cut-off for available 

ILD available 10 B-lines with sensitivity 96.30 (95% CI 81.0-99.9) and specificity 92.31 (95% 

CI 64.0-99.8). It was obtained by summing the number of B-lines found in each of these 14 

LISs, namely for the anterior chest - second LIS along the parasternal line and fourth LIS along 

the medioclavicular, anterior and middle axillary lines; for the posterior part of the thorax - 
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eighth LIS on the paravertebral, subscapular and posterior axillary line for both thoracic halves. 

If B-lines are in conflict, the semi-quantitative method proposed by Gargani and Volpicelli is 

used, namely the percentage of affected areas occupied by B-lines divided by 10 (ie 30% white 

screen corresponds to 3 B-lines, 40 % on 4 B-lines, etc.), if there is a full white screen, this 

corresponds to 10 B-lines. 

 

FIG. 4 Ultrasonography of the lung. A hyperechoic line (B-line) is visualized, descending from 

the pleura. 

  

3.3.3.3 Transthoracic echocardiography (TTexCG) 

TEChoCG was administered to all patients to measure pulmonary artery pressure 
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3.3.3.4 Elastography of the liver and spleen Perform point cross-wave elastography, 

point Shear-wave elastography (pSWE) with Esaote MyLab 9 eXP with C1-8 iQ appleprobe 

transducer and QelaXto software. The density of spleen and liver was assessed before and after 

treatment. 

 

FIG. 5 pSWE spleen elastography of a patient with SSc 

3. 4 . Statistical methods 

The objectives of the dissertation and the type of quantities (metric, rank, nominal, 

dichotomous) were decisive in the choice of statistical methods for data analysis. The main 

parameters, mRSS, US skin thickness and US10SSc score, representing metric dimensions, 

showed no normal distribution according to the Kolmogorov-Smirnov test and are represented 

by median and interquartile range (IQR) values. For these values, non-parametric statistical 

methods were used to monitor the dynamics between baseline and the end of treatment. 

Intragroup dynamics for TOF and MTX treatment were monitored using the Friedman's Test-

Friedman's test, followed by post-Hawk pairwise comparisons between time points (baseline, 

week 13, week 26, and 52). week). The Mann-Whitney U test was used to compare the two 

treatments for each time point. 

 

Pulmonary parameters including pressure in a. pulmonalis (AP) and the number of B lines 

detected by lung ultrasound (LUS) were measured at baseline and at the end of treatment (week 

52) in the TOF and MTX groups. Due to the lack of normal distribution in the pressure values 

in a. pulmonalis and the number of LUS-B lines in both groups at baseline and at the end of 

treatment (Kolmogorov-Smirnov, p> 0.05), the intergroup comparison was made by the Mann-
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Whitney U test, and for follow-up of the dynamics of each treatment was used Wilcoxon test 

(Wilcoxon). The mean trend is represented by medians and interquatril range (IQR). 

 

The general condition of patients treated with TOF and MTX was assessed at baseline, month 

3, month 6, and month 12 on the Clinical Visual Analog Scale for Global Assessment (CGA) 

and by patients themselves (PGA). The data showed a normal distribution in both patient groups 

(Kolmogorov – Smirnov p> 0.05 for all time points) and are presented by means of mean values 

and standard deviation (SD). An independent sample t-test was used to compare treatments. 

CGA and PGA were compared using a paired-samples t-test to check for statistically significant 

discrepancies in the clinician's and patients' assessments. 

 

The condition of the patients at baseline, 3rd month, 6th month and 12th month was monitored 

through their self-assessment according to the PROMIS and SHAQ systems. The data were 

grouped into categories covering key aspects of patients' quality of life. Because each aspect 

was calculated as an average of several questions, the values were treated as continuous values. 

The presence of a normal distribution (Kolmogorov-Smirnov p> 0.05) allowed the use of 

parametric statistical methods. To compare the two treatments at each time point (0, 3 months, 

6 months and 12 months), a t-test for independent samples was performed. The dynamics in the 

values from zero to 12 months for each treatment was monitored individually by one-way 

analysis of variance for repeated measurements and post-hoc comparisons in pairs (repeated 

measures ANOVA with paired post-hoc comparisons). 

The values presented on a dichotomous category scale (Yes / No - No / No) are summarized in 

number and percentage and are compared using the Fisher's exact test. 

 

The results are summarized in tables and illustrated with appropriate graphs, including: 

 Box charts including medians, interquartile range and individual values to illustrate 

the dynamics of the parameters in each of the two treatment methods. 

 Interval plots, based on the mean and 95% confidence interval (Interval plots with 

the mean and 95% CI) to illustrate the comparison between the two treatments in 

terms of changes in target parameters. 

 Line charts to illustrate changes in target metrics. 

All analyzes were performed at an acceptable level of error of type I alpha = 5% (p <0.05). The 

results are graded according to statistical significance as follows: * - significant difference / 

change at p <0.05; ** - significant difference / change at p <0.01; *** - significant difference / 
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change at p <0.001. The statistical programs IBM SPSS, version 27 (2020) and Minitab version 

19 (2020) were used for analysis and graphical presentation of the data. 

 

4. RESULTS 

4.1. Patient characteristics 

66 patients were included in the study: 33 received oral TOF 5 mg twice daily; 33 received 

10 mg weekly oral MTX. During the treatment period, three patients were discontinued due to 

adverse reactions. One patient in the TOF group withdrew due to progressive interstitial lung 

disease (ILD) (switched to CYC followed by MMF), and two patients in the MTX group 

withdrew due to elevated transaminase levels (more than 2.5 times above the upper limit of 

norm). Two patients in the MTX group and none in the TOF group received rescue therapy 

after week 26. The baseline patient characteristics were similar in both treatment groups (Table 

2). 

 

Table 2 - Characteristics of the studied patients on TOF and MTX therapy at the start of the 

study 

 

                    

  

Sizes   

GROUP 

TOF (N = 33) MTX (N = 33) p 

Mean age (± SD) years 48.45 (± 12.35) 48.21 (± 11.51) 0.935 t 

Female , n (%) 30 (91%) 29 ( 88%) 
1,000 f 

  

dcSSc, n (%) 14 (42%) 12 (36%) 

  

0.801 f lcSSc, n (%) 19 ( 58%) 
21 ( 64%) 

  

Average duration of the disease in 

months ! (± SD) 
34.69 (± 16.03)  34.54 (± 15.01) 0.969 t 

mRSS, median (IQR) 24 (10.50) 
23 (10) 

  
0.589 U 

Skin thickness , median (IQR) 1.71 (0.52) 1.69 (0.50) 
0.822 U 
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US10SSc score 16 (12.50) 16 (10.50) 0.959 U 

Background immunosuppressive 

therapy , n (%) 

  

0% 

  

0% 

  

and 

Mycophenolate mofetil, n ( %) 0% 0% 
and 

  

Azathioprine, n (%) 0% 0% and 

Prednisone, n (%) 1 (3%) 2 (6%) 
1,000 f 

  

Rescue therapy , n ( %) 0 (0%) 
2 (6%) 

  

1,000 f 

  

f - Fisher's exact test; t - t-test for independent samples ; U - Mann-Whitney U test ; !! - from the beginning of 

the first non-Raynaudan manifestations ; !! - Prednisolone ≤10mg ; na - not applicable 

 

 

4.2 Results of Tasks 1 and 2: Study of the effect of Tofacitinib therapy on skin 

involvement and digital ulceration , as assessed by mRSS and high- frequency 

ultrasonography , and joint and tendon involvement as assessed by US10SSc score. 

  

 At baseline, patients in both treatments, TOF and MTX , had similar values, with no 

significant difference: mRSS (p = 0.589), skin thickness (p = 0.822), US10SSc ( p = 0.9 59 ) . 

At week 12, after starting treatment, there was a decrease in the values of the studied indicators 

in both groups of patients. In general, lower values were found in those treated with TOF, but 

the lack of a significant difference between the groups persisted. The median mRSS decreased 

to 19 for TOF and 20 for MTX , p = 0.058. Skin thickness also decreased to 1.59 mm with TOF 

treatment and to 1.67 mm with MTX , p = 0.273. The US10SSc score , which at baseline was 

16 in both groups, decreased to 13 in TOF treatment and 15 in MTX treatment , p = 0.089.  

 At week 26, the difference between the two treatments widened on the three indicators 

and reached statistical significance. With TOF treatment, there is a strong tendency to decrease, 

while with MTX the change is hesitant with a slight increase or decrease. The median mRSS 

decreased from 19 to 12 in the TOF group and increased from 20 to 21 in MTX , p <0.001. Skin 

thickness has a median of 1.49 mm (from 1.59 mm) in TOF treatment and 1.61 mm (from 1.65 

mm) in MTX , p = 0.040. The US10SSc score decreased almost twice from 13 to 7 in the TOF 

group, while in the MTX the reduction was minimal from 15 to 14, p <0.001. 
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 At week 52, the difference between treatments in terms of the indicators examined 

remained in favor of TOF treatment , with significantly lower values. At 

The TOF group, mRSS , has a median of 10 and twice the MTX (median 20), p <0.001. The 

skin thickness has a median of 1.33 mm at TOF group and 1.60 mm at MTX , p = 0.001. 

 In the TOF group , the US10SSc score remained at 26 weeks (median 7), but remained 

significantly lower than in MTX treatment (median 13), p = 0.001 (Table 3) .  

 

Table 3 : Baseline results , weeks 26 and 52, in both patient groups for skin, joint, and tendon 

involvement 

 

Indicator Group N Median Q1 - Q3 IQR 

Mann-

Whitney In  

p 

Baseline 

mRSS 
TOF 33 24.00 19.00 - 29.50 10.50 

0.589 
MTX 33 23.00 18.00 - 28.00 10.00 

Skin 

thickness 

TOF 33 1.71 1.39 - 1.91 0.52 
0.822 

MTX 33 1.69 1.37 - 1.87 0.50 

US10SSc 

score 

TOF 33 16.00 10.50- 23.00 12.50 
0.959 

MTX 33 16.00 11.50 - 22.00 10.50 

12th week 

mRSS 
TOF 33 19.00 14 - 24.50 10.50 

0.058 
MTX 33 20.00 18 - 26.00 8.00 

Skin 

thickness 

TOF 33 1.59 1.33 - 1.76 0.43 
0.273 

MTX 33 1.67 1.35 - 1.86 0.51 

US10SSc 

score 

TOF 33 13.00 8.00-18.50 10.50 
0.089 

MTX 33 15.00 10.00 - 21.50 11.50 

26th week 

mRSS 
TOF 33 12.00 9.00 - 16.50 7.50 

<0.001 
MTX 33 21.00 17.00 - 25.00 8.00 

Skin 

thickness 

TOF 33 1.49 1.30 –1.61 0.31 
0.040 

MTX 33 1.61 1.32 –1.84 0.52 

US10SSc 

score 

TOF 33 7.00 6.00- 12.50 6.50 
<0.001 

MTX 33 14.00 8.50 –19.00 10.50 

52nd week 

mRSS 
TOF 32 10.00 8.00 - 15.00 7.00 

<0.001 
MTX 31 20.00 17.00 - 24.00 7.00 

Skin 

thickness 

TOF 32 1.33 1.15 - 1.50 0.35 
0.001 

MTX 31 1.60 1.29 –1.79 0.50 

US10SSc 

score 

TOF 32 7.00 6.00 - 12.75 6.75 
0.001 

MTX 31 13.00 8.00 - 18.00 10.00 
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MTX- methotrexate; TOF-tofacitinib; mRSS- modified Rodnan skin score; skin thickness - 

assessed by ultrasound; US10SSc - ultrasound joint and tendon score; Q 1- First quartile; Q3 - 

Third quartile; IQR- interquartile range 

 

Intragroup dynamics in the values of the studied indicators ( mRSS , skin thickness, change 

in US10SSc score) , during the course of treatment with TOF and MTX 

 Change in mRSS 

 Intragroup dynamics in mRSS values during TOF treatment ( Fig. 6-A). 

Between baseline and the end of the 52nd week, there is a systemic and statistically 

significant reduction in the score in this type of treatment. At 12 weeks the reduction 

was 21% ( p <0.001 ), at 26 weeks the values decreased by 50% ( p <0.001 ) and at 52 

weeks a 58% reduction in mRSS was achieved ( p <0.001 ). . 

 reduction in mRSS between baseline and week 52 was also reported with MTX 

treatment , but the change was hesitant and significantly less than with TOF treatment, 

as mentioned in the previous section when comparing the two treatments . At the 12th 

week a reduction was achieved mRSS by 13% ( p <0.001 ), at week 26 the decrease 

was 8.70% and was lower than at week 12, although significant ( p = 0.001 ). At the 

end of the 52nd week, there was a 13% reduction in mRSS ( p <0.001 ), as at 12 weeks. 

 Overall, although the reduction in mRSS was statistically significant in both 

treatments, the results were of much greater practical significance in the TOF - treated 

group , which at the end of week 52 showed a 45% greater improvement. during 

treatment with MTX . ( Fig - 6-B ).  
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Figure 6 -A and B: Change in mRSS between baseline, 12th , 26th and 52nd week. There was 

a reduction in both treatments, but with a significantly higher percentage of treatment with TOF 

( Panel A ) compared to the percentage reduction with treatment with MTX ( Panel B). 

 

 Change in skin thickness 

 

 In the course of treatment, in the TOF group, skin thickness decreased by 7% at 12 

weeks, by 12.90% at 26 weeks and by 22% at 52 weeks. p <0.001 for all time points ( Fig. 7-A 

). MTX treatment also decreased by 1.18% at week 12, by 4.73% at week 26, and by 5.90% at 

week 52, p <0.001 for all time points ( Fig. 7- B ). . Despite the fact that the improvement was 

significant in both groups, the percentage improvement (reduction) was 16.10% higher in the 

treatment with TOF . 
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Figure 7 A and B: Change in skin thickness between baseline, 12th, 26th and 52nd week. There 

was a reduction in both treatments, but with a significantly higher percentage of treatment with 

TOF ( Panel A ) compared to the percentage reduction with treatment with MTX ( Panel B). 

 

 Change in US10SSc soon 

 In patients treated with TOF ,  The US10SSc score decreased by 18.75% at week 12, by 

56.25% at week 26, and maintained the same rate of decrease of 56.15% at week 52, p <0.001 

for all time points ( Fig. 8-A ). A significant reduction in US10SSc was also achieved with 

MTX treatment : 6.25% ( p = 0.001 ) at week 12; 12.50% at 26 weeks ( p <0.001 ); 18.75% at 

week 52 ( p <0.001 ) ( Fig. 8-B ). 

Again, the better results of the TOF treatment were confirmed , with the improvement in the 

US10SSc score at the end of the 52nd week being 37.50% greater than that with the MTX 

treatment . 
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Figure 8 A and B: Change in US10SSc score between baseline, 12th, 26th and 52nd week. 

There was a reduction in both treatments, but with a significantly higher percentage of treatment 

with TOF ( Panel A ) compared to the percentage reduction with treatment with MTX ( Panel 

B) . 
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FIG. 9 .: Medians and individual values of the change in the main indicators between baseline 

and week 52. 

Note: Individual values of the change with the same value are marked with one sign. Therefore, 

the number of signs does not always correspond to the number of patients. 

 

 

 

 Summary 

 Figure 9 illustrates the change between baseline and week 52, expressed as medians and 

individual values. In patients treated with TOF , the median change in mRSS was −13, while in 

patients treated with MTX a change of −3 was reported . below the zero line, indicating no 

change. This indicates that a reduction in mRSS occurred in all (100%) patients. In contrast, in 

MTX treatment, four (12.90%) of the individual change values were located at the zero line and 

four (12.90%) above it, corresponding to no change in four patients and an increase in mRSS 
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in the other four. The other individual values of the change are below the zero line, but much 

closer to it compared to those in the TOF group ( panel A ). 

 A similar distribution of change values was observed for skin thickness ( panel B ). 

Again, there was an improvement in all (100%) patients treated with TOF and to a greater extent 

(median - 0.33 mm) compared to the MTX group, where the individual improvement was lower 

(median -0.08 mm), and in four patients (12.90%) an increase in the values is reported. 

 For the US10SSc , the median rate of change in patients treated with TOF was -8.00 

compared to -4.00 in the MTX group . The TOF reported a reduction in score in all patients 

(100%) in a wide range between -1 to -71 units. In the group of patients receiving MTX , in one 

patient (3%) there was an increase in the score, in 5 (15%) there was no change, in the remaining 

25 the decrease was in the range between -1 to - 62 units, and again the majority of individual 

values were located near the zero line. 

 During treatment with TOF , without exception, a decrease (below the zero line) was 

observed in 100% of patients. In comparison, with MTX treatment, some patients showed an 

increase (above the zero line) or no change (at the zero line).  

 

Study of the effect of Tofacitinib therapy on digital ulcers 

 

At baseline , digital ulcerations were documented in eight patients treated with TOF and 

six patients treated with MTX (Fig. 10). No new digital ulcerations developed in patients treated 

with TOF during treatment and the total number of digital ulcers was reduced by 75%. In the 

same group, a patient with prolonged pruritus showed significant improvement. In comparison, 

no healing of digital ulcers was observed in the MTX group and three new DUs (15% increase) 

occurred. 
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FIG. 10: Dynamics in the cumulative number of digital ulcers in patients with MS, 

treatment with TOF and MTX 

 

 

 4.3 Results of Task 3: Study of the effect of Tofacitinib therapy on lung involvement 

assessed by ultrasonography and measurement of forced vital capacity (FVC) 

 

 Monitoring of pulmonary involvement between baseline and the end of the one-

year period in patients with MSDs 

 The pressure in a. pulmonalis (A P) in millimeters of mercury (mmHg) and number B 

lines detected by lung ultrasound (LUS ) were measured at baseline and at the end of treatment 

(week 52) in patients treated with TOF and MTX. Due to the lack of normal distribution in the 

pressure values in a. pulmonary  and the number of LUS - B lines in both groups at baseline 

and at the end of treatment (Kolmogorov-Smirnov: p = 0.001, p = 0.001, p = 0.008, p = 0.008, 

p = 0.001, p = 0.001, p = 0.003, p = 0.004), the intergroup comparison was made using the 

Mann-Whitney U test , and the Wilcoxon test was used to monitor the dynamics of each 
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treatment . The mean trend is represented by medians and interquatril range ( IQR) , but mean 

values and standard deviation (± SD) are also given. 

 No significant differences in pressure were found in a. pulmonary and the number of 

LUS - B lines between treatments with TOF and MTX ( Table 8 ). At baseline, the median 

pressure in a. pulmonalis has the same value of 18 mmHg in both patient groups and almost the 

same arithmetic mean, p = 0.750. At the end of treatment, the median pressure in a. pulmonalis 

remained unchanged in both treatments ( 18 mmHg ) with similar arithmetic means, p = 0.454. 

LUS - V lines they also show the same medians in both treatments: N = 5 at baseline ( 

p = 0.972 ); N = 6 at the end of treatment ( p = 0.967 ). The average number of LUS - B lines 

they are also very similar in treatment with TOF and MTX ( Table 4 )  

Table 4: Estimation of pressure in a. pulmonary and LUS- At baseline and at the end of 

treatment with TOF and MTX in patients with MS 

Sizes 

 

Group N Median 

( IQR) 

Average 

value 

(± SD) 

Mann-

Whitney 

p 

Pressure a.pulmonalis ( mmHg) 

base level 

TOF 33 18 (3.75) 18.59 ± 

3.82 

 

0.750 

MTX 33 18 (4.00) 18.58 ± 

4.43 

Pressure a.pulmonalis ( mmHg) 

52nd week 

TOF 32 18 (3.00) 18.81 ± 

3.47 

 

0.454 

MTX 31 18 (4.00) 18.85 ± 

4.59 

LUS- B lines ( Number) 

base level 

TOF 33 5 (14.50) 9.01 ± 

9.97 

 

0.972 

MTX 33 5 (14.50) 9.03 ± 

9.66 

LUS - V lines (Number) 

52nd week 

TOF 32 6 (15.25) 9.25 ± 

9.45 

 

0.967 

MTX 31 6 (15.00) 9.26 ± 

9.55 

IQR - Interquartile range 
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Intragroup pressure comparison in a. pulmonalis at baseline and at the end of treatment 

(week 52) is represented by box charts including medians, intequartile ranges, and individual 

values in Figs. 11 . In both types of treatment there is a lack of significant dynamics in the 

individual and average values of pressure in a. pulmonary - treatment with TOF , p = 0.220 ( 

panel A ), treatment with MTX , p = 0.963 ( panel B ) . 

Fig.11 : Box graphs illustrating the medians, interquartile ranges and individual pressure values 

in a. pulmonary in treatment with TOF ( panel A ) and MTX ( panel B ) 

 LUS- B lines in both types of treatment is similarly illustrated ( Fig. 12 ). Box charts 

including medians, intequartile ranges, and individual values show a lack of significant 

dynamics in TOF treatment p = 0.198 ( panel A ) and in the control group of MTX treatment , 

p = 0.248 ( panel B ) . 
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FIG. 12 : Box graphs illustrating medians, interquartile ranges and individual LUS numbers - 

B lines for TOF ( panel A ) and MTX ( panel B ) treatment 

 

Monitoring of forced vital capacity (FVC) in patients with ILD 

Following LUS for B -line detection, a subgroup ( N = 13) was isolated from the Tofacitinib 

group of patients with ultrasound evidence of ILD. The presence of interstitial lung involvement 

in these patients was also confirmed by high resolution computed tomography (HRCT) . To 

evaluate the effect of TOF therapy on lung involvement in patients with ILD , a study of forced 

vital capacity was performed at week 0 and week 52 . The results of weeks 0 and 52 are 

illustrated in 13. The mean percentage of predicted FVC at baseline is 75.46 ± 2.40%, and 

after the end of therapy 73.23 ± 3.07%. There is a reduction of the predicted FVK by 2.95% for 

the one-year follow-up period. 
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FIG. 13 Changing the predicted forced vital capacity (FVC) in patients with ILD on TOF 

therapy (n = 13) 

 

Summary : 

 The analysis of patients with SSc treated with TOF and MTX did not show significant 

differences in the value of pressure in a. pulmonalis and the number of LUS-B lines between 

treatment with the two drugs. At baseline, the median pressure in a. pulmonalis has the same 

value of 18mmHg in both patient groups and almost the same arithmetic mean, p = 0.750. At 

the end of treatment, the median pressure in a. pulmonalis remained unchanged in both 

treatments (18mmHg) with similar arithmetic means, p = 0.454. LUS – B lines also show the 

same medians in both treatments: N = 5 at baseline (p = 0.972); N = 6 at the end of treatment 

(p = 0.967). The average number of LUS-B lines is also very similar in the treatment with TOF 

and MTX (Table 8). In both types of treatment there is a lack of significant dynamics in the 

individual and mean values of pressure in a. pulmonary. An intragroup comparison of the 

number of LUS-B lines in both treatments is similarly illustrated. 

In the subgroup of patients with ILD on TOF therapy, forced vital capacity was observed at 

baseline and at the end of the one-year follow-up. There was a decrease in the projected FV C, 

but only by 2.95%. Similar results for the reduction in F VC were obtained in other authors 

evaluating the therapeutic effect of lung function in patients with S S-ILD co-administered with 

placebo in larger patient cohorts ( 226 ). 
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4.4 Outcomes of Task 4: Study of the effect of Tofacitinib therapy on internal organ 

involvement assessed by elastography of the spleen and liver 

 

Monitoring the density of the spleen and liver between baseline and the end of the one-

year period 

Spleen and liver densities were assessed by Elastography before initiation of treatment 

(baseline) and at the end of treatment at week 52 in patients on active treatment with TOF and 

the control group . treated with MTX.  

According to the Kolmogorov-Smirnov test, the values of spleen density (PS) and liver 

(PM) showed a normal distribution in both groups of patients at baseline and at the end of 

treatment ( p = 0.173, p = 0.200, p = 0.189, p = 0.200, p = 0.200, p = 0.200, p = 0.200, p = 

0.200). Accordingly, a comparison of the two patient groups was made on the basis of the mean 

values using the independent-samples t-test. For intragroup monitoring of the dynamics in the 

individual and average values in each of the two treatments, a paired samples t-test was used. 

Spleen and liver densities showed similar mean, minimum, and maximum values in 

patients treated with TOF and MTX ( Table 5 ). At baseline, the mean PS for TOF treatment 

was 3.106 ± 0.42 m / s and for MTX treatment was 3.108 ± 0.42 m / s, p = 0.988. At the end of 

treatment, at week 52, the mean spleen density in both treatments remained almost unchanged: 

TOF 3.103 ± 0.42m / s; MTX 3.110 ± 0.43m / s, p = 0.945. A similar trend is observed with 

respect to liver density. At baseline, mean mean PM = 2.422 ± 0.72m / s for the TOF group and 

PM = 2.436 ± 0.64 for MTX treatment, p = 0.936. The mean values of PM at the end of 

treatment remained almost unchanged in both groups: TOF PM = 2.421 ± 0.72 m / s; MTX IF 

= 2.438 ± 0.64m / s, p = 0.928 .  

 

Table 5. Baseline and hepatic density at baseline and at the end of treatment with TOF and 

MTX 

Sizes 

(MS) 

Group N Average 

value 

(± SD) 

Min.-Max. t-test 

p 

Spleen density 

base level 

TOF 33 3.10 6 ± 0.42 2.26 - 4.05 0.988 

MTX 33 3.108 ± 0.42 2.27 - 4.05 

Spleen density TOF 32 3.10 3 ± 0.42 2.26 - 4.05 0.945 



34 

 

52nd week MTX 31 3.110 ± 0.42 2.27 - 4.05 

Liver density 

base level 

TOF 33 2,422 ± 0.72 1.07- 3.93 0.936 

MTX 33 2,436 ± 0.64 1.15 -3.70 

Liver density 

52nd week 

TOF 32 2.421 ± 0.72 1.07- 3.93 0.928 

MTX 31 2,438 ± 0.64 1.15 - 3.70 

 

Fig . 14 illustrates individual and mean values with 95% confidence intervals of spleen 

density before and after treatment with TOF ( panel A ) and MTX ( panel B ) . In both groups 

there was a lack of significant dynamics between baseline and end of treatment: TOF (p = 

0.233); MTX (p = 0.570). 

 

FIG. 14 A and B : Individual and mean values with 95% CI of splenic density before and after 

treatment with TOF ( panel A ) and MTX ( panel B ) . 

Liver density also did not show a significant change in the one-year period of TOF 

treatment (p = 0.079) and with MTX ( p = 0.109 ). Individual and mean values with 95% 

confidence intervals are illustrated in FIG. 15 . 
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FIG. 15 A and B : Individual and mean values with 95% CI of liver density before and after 

treatment with TOF ( panel A ) and MTX ( panel B )  

  

Summary : 

   

 Spleen and liver densities were assessed by Elastography before treatment (baseline) 

and at the end of treatment at week 52 in patients on active treatment with TOF and the control 

group treated with MTX. Both groups had a normal baseline distribution at the end of treatment. 

Spleen and liver densities showed similar mean, minimum, and maximum values in patients 

treated with TOF and MTX. At baseline, the mean PS for TOF treatment was 3.106 ± 0.42 m / 

s and for MTX treatment was 3.108 ± 0.42 m / s, p = 0.988. At the end of treatment, at week 

52, the mean spleen density remained almost unchanged in both treatments. A similar trend is 

observed with respect to liver density. Liver density also did not show a significant change in 

the one-year treatment period with TOF (p = 0.079) and MTX (p = 0.109). 

4.5 Results of Task 5: Study of the quality of life of patients treated with Tofacitinib, 

assessed using patient questionnaires VAS, CGA, PGA, SHAQ, PROMIS 29 

 

Monitoring the condition of patients according to the Visual Analog Scale for Global 

Assessment 
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 The overall condition of patients treated with TOF and MTX was assessed at baseline, 

month 3, month 6 and month 12 on the Visual Analog Scale for Global Assessment . The VAS 

scale includes values from 0 to 100, with higher values corresponding to worse overall 

condition. In the current sector, the results of the evaluation made by the doctor (CGA) and by 

the patients themselves ( PGA ) are presented. The data showed a normal distribution in both 

patient groups (Kolmogorov-Smirnov p> 0.05 for all time points) and for comparison between 

treatments, an independent samples t-test was used . 

 

 Medical Patient Assessment (CGA) 

 At baseline, according to CGA , the condition of patients in both groups had similar 

mean values ( 65.00 ± 14.15 for TOF treatment and 65.33 ± 14.33 for MTX treatment ), a 

similar range of minimum and maximum dimensions, with no statistically significant difference 

between treatments. p = 0. 925. At month 3, VAS values decreased in both groups, but the 

improvement was significantly greater with TOF treatment (50.21 ± 14.91) compared with 

MTX (57.88 ± 12.54), p = 0 027. The trend is maintained at 6 months, when there is again an 

improvement in the general condition of patients in both groups, with a greater improvement in 

treatment with TOF (42.76 ± 16.22) compared with MTX (52.06 ± 13.86) , p = 0. 015. At 12 

months, at the end of treatment in patients treated with TOF , the mean VAS decreased to 38.66 

± 14.07, and in MTX up to 50.52 ± 12.05, with a significant difference, p = 0. 001. There is a 

noticeable shortening of the range between the minimum and maximum value during treatment 

with TOF , especially at the end of treatment. ( Table 6)  

 

 

Table 6: Physician Evaluation (CGA ) of the condition of patients treated with TOF and MTX 

according to VAS 

YOU ( CGA ) 

(0 to 100) 

Group N Average value 

(± SD) 

Min.-Max. t-test 

p 

YOU  

base level 

TOF 33 65.00 ± 14.15 35- 86 0.925 

MTX 33 65.33 ± 14.33 37 - 88 

YOU 

3rd month 

TOF 32 50.21 ± 14.91 20 -72 0.027 * 

MTX 31 57.88 ± 12.54 30- 75 

YOU 

6th month 

TOF 33 42.76 ± 16.22 18-63 0.015 * 

MTX 33 52.06 ± 13.86 21-73 
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YOU 

12th month 

TOF 32 38.66 ± 14.07 17-58 0.001 ** 

MTX 31 50.52 ± 12.05 26-68 

* - p <0.05; ** - p <0.01 

 

 Figure 16 illustrates the change in VAS between month 3 and baseline, month 6 and 

baseline, and month 12 and baseline in both treatments. At month 3, VAS decreased by 14.78 

± 8.15 units in TOF treatment and by 7.45 ± 4.82 units in MTX treatment , p <0.001. At 6 

months, a decrease of 22.24 ± 10.97 units was reported for TOF compared to 13.27 ± 5.05 for 

MTX , p <0.001 . At the end of treatment, the reduction reached 26.34 ± 10.97 units for TOF 

and 16.38 ± 6.61 for MTX treatment , p <0.001. 

 

 

*** - Significantly greater reduction in VAS at p <0.001 

FIG. 16 . VAS change ( With GA ) between month 3 and baseline, month 6 and baseline, and 

month 12 and baseline in TOF and MTX treatment   

  

The percentage improvement in the general condition of the patients in both types of 

treatment is presented in Fig. 17. At 3 months, patients treated with TOF had an improvement 

of 23.32 ± 13.58% compared to 11.20 ± 6.79% with MTX treatment , p <0.001. At 6 months, 

the improvement in TOF reached 35.36 ± 17.82% compared to 21.02 ± 9.32% in MTX , p 

<0.001 . At the end of treatment, the TOF group reported an improvement in overall condition 

of 41.33 ± 16.30% compared to 24.76 ± 10.39% in MTX treatment , p <0.001. In general, we 
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can summarize that the percentage improvement achieved in the third month in patients treated 

with TOF is achieved approximately at the end of MTX treatment . 

 

 

*** - Significantly higher degree of improvement at p <0.001 

Fig.17. Percentage improvement in the general condition of patients at 3, 6 and 12 months 

during treatment with TOF and MTX according to With GA 

Patients' assessment of their condition during treatment ( P GA) 

 At baseline, patients treated with TOF and MTX assessed their condition ( P GA ) with 

similar means, 61.36 ± 17.85 at TOF and 61.90 ± 10.33 in MTX , without a statistically 

significant difference, p = 0. 880. At 3 months, a decrease in VAS values was observed in both 

groups, with the mean value in the treatment with TOF amounting to 52.00 ± 20.06, and in the 

treatment with MTX to 57.81 ± 9.85, with a difference of 5.81 no statistical significance, p = 0. 

140. Further improvement in patients was observed at 6 months when VAS decreased to 47.45 

± 20.35 in TOF treatment and to 54.90 ± 9.65 in MTX -treated patients , with a difference of 

7.45 without statistical significance, p = 0. 062. At the end of treatment (12 months), in patients 

treated with TOF the mean VAS decreased to 43.87 ± 19.84, and in MTX up to 53.16 ± 9.64, 

with a significant difference of 9.29 units, p = 0. 022. ( Table 7 ). 

 

Table 7: Patient assessment ( P GA ) of their condition during treatment with TOF and MTX 

according to VAS 

YOU ( P GA ) 

(0 to 100) 

Group N Average value 

(± SD) 

Min.-Max. t-test 

p 
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YOU  

base level 

TOF 33 61.36 ± 17.85 14-88 0.880 

MTX 33 61.90 ± 10.33 40-82 

YOU 

3rd month 

TOF 32 52.00 ± 20.06 11-90 0.140 

MTX 31 57.81 ± 9.85 40-75 

YOU 

6th month 

TOF 33 47.45 ± 20.35 10-96 0.062 

MTX 33 54.90 ± 9.65 35-73 

YOU 

12th month 

TOF 32 43.87 ± 19.84 5-88 0.022 * 

MTX 31 53.16 ± 9.64 31-70 

* - p <0.05 

 The change in VAS according to the patients' assessment between 3rd month and 

baseline, 6th month and baseline and 12th month and baseline in both treatments can be traced 

in Figs. 18. At month 3, VAS decreased by 9.40 ± 16.10 units in TOF treatment and by 4.09 ± 

3.25 units in MTX treatment , with no significant difference between the two groups, p = 0.073. 

At 6 months , a decrease of 13.90 ± 17.50 units was observed in patients treated with TOF 

compared with 7.00 ± 3.00 in MTX , with a significantly greater improvement in TOF treatment 

, p <0.033 . At the end of treatment, VAS decreased by 17.50 ± 17.40 units in TOF and by 9.58 

± 4.33 in MTX treatment . The improvement was significantly higher in patients treated with 

TOF , p = 0.0 18.  
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* - Significantly greater reduction in VAS at p <0.05 

Fig.18. Change in VAS ( P GA ) between month 3 and baseline, month 6 and baseline, and 

month 12 and baseline in TOF and MTX treatment 

  

The percentage improvement in the general condition of the patients in both types of 

treatment is presented in Fig. 19. At month 3, an improvement of 21.60 ± 18.50% was reported 

in TOF treatment compared with 7.46 ± 4.29% in MTX treatment , p <0.001. At 6 months, the 

improvement in TOF was 25.30 ± 23.20% compared to 11.29 ± 4.81% in MTX , p = 0.002 . At 

the end of treatment, the improvement in the general condition of the patients in the TOF group 

amounted to 30.70 ± 24.10% compared to 15.45 ± 6.48% in the treatment with MTX , p = 

0.001. Generally. the percentage improvement in patients treated with TOF at all time points 

was significantly greater than in MTX treatment . 
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*** - Significantly greater degree of improvement at p <0.001; ** - Significantly 

greater degree of improvement at p <0.01 

  Fig.19 Percentage improvement in the general condition of patients at 3, 6 and 12 months 

during treatment with TOF and MTX according to P GA 

 

 

Comparison of clinician ( C GA ) and patient ( P GA ) assessment 

 The assessment of the clinician and patients of their general condition during treatment 

was compared using a paired-samples t-test to check for statistically significant discrepancies 

in the assessment of both parties. 

In FIG. 20 summarizes the results of the evaluation of the clinician and patients in treatment 

with TOF and MTX. The mean VAS for baseline TOF treatment was slightly higher in the 

clinician's assessment, but without statistical significance, p = 0.322. At other time points, VAS 

had a higher mean value in the assessment of patients, but without statistical significance of the 

difference: 3rd month ( p = 0.593); 6 months c ( p = 0.172); 12th month ( p = 0.105) ( Panel A 

). 
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 In the MTX -treated group , similar differences were observed between the clinician's 

and patients' assessments, but without statistical significance: baseline ( p = 0.122); 3rd month 

( p = 0.977); 6 months c ( p = 0.222); 12th month ( p = 0.238) 

 

0 - base level; 3rd - 3rd month; 6 - 6 months; 12th - 12th month 

Fig.20. Comparison of the assessment of the clinician and the patients during the treatment with 

TOF ( panel A ) and MTX (panel B). 

 

Comparison of SHAQ assessment in patients with MSF treated with TOF and MTX 

 During treatment with TOF and MTX, the manifestations of systemic sclerosis were 

monitored according to the SHAQ (Scleroderma Health Assessment Questionnaire ) at four 

time points: baseline, 3rd month, 6th month and 12th month. 

 the rating scale , the system includes two types of answers. Difficulties in dressing and 

dressing , getting up , eating , personal hygiene , walking , reaching an object , grabbing and 
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other activities were measured on an ordinal scale with the following levels: 1 = without any 

difficulty; 2 = with some difficulty; 3 = with great difficulty; 4 = I can't do it. The second type 

of response was measured on a long scale including values from 0 to 100 ( VAS) on severity of 

the disease , Raynaud 's disease , pain associated with the disease , injury to the fingers , 

breathing problems and intestinal problems . In both types of responses, an increase in values 

corresponds to a worsening of the disease and vice versa, a decrease in values indicates an 

improvement in the condition of patients associated with the disease. An independent t-test was 

used to compare treatments , and a paired-sample t-test was used to monitor intragroup 

dynamics . 

 

 Difficulties in performing daily activities 

 Dressing and toilet 

At the baseline level, the two treatments had similar mean values, corresponding to moderate ( 

known ) difficulties in dressing and dressing activities , without significant difference, p = 0. 

776. On the 3rd, 6th and 12th month there was a significant difference between patients treated 

with TOF and MTX in favor of TOF ( p = 0 004; p < 0 001 ). During the treatment with TOF 

there was a significant reduction in the difficulties related to dressing and dressing, and at the 

12th month the difficulties decreased by 41.66% ( p < 0 001). With MTX treatment, the change 

is hesitant. After a slight increase of 4.50% in the 3rd month, there is a decrease to 17.00%. At 

the end of the 12th month, TOF treatment showed a 24.66% greater improvement in patients' 

ability to dress , fasten their buttons , tie their training ties and wash their hair compared to 

patients treated with MTX . 

 Getting up 

 The ability of patients to get up from a regular chair and to lie down and get out of bed 

is relatively good at the beginning of treatment, with mean values of 1.77 ( TOF ) and 1.78 ( 

MTX ), which indicate minor difficulties in both groups, p = .0.917 . In the course of treatment, 

the difference between the two treatments becomes significant with better results in TOF 

( p ≤ 0 001 ), where there is a steady downward trend in difficulties and at the 12th month there 

is almost no difficulty (1.13). The improvement compared to baseline reached 36.50% ( p < 0 

001). During treatment with MTX , the change was hesitant, with a slight increase in the mean 

of the 3rd month by 6.77%, followed by a slight decrease in the 6th and 12th month without 

statistical significance of the change ( p> 0.05 for the three time points ). The improvement in 

the TOF group at the end of the 12th month was 24.64% higher than in MTX . 

 Nutrition 
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 The level of difficulty in eating (lifting a full glass to the mouth, cutting meat, etc.) at 

the beginning of treatment indicates the presence of moderate problems in both groups of 

patients with mean values of 1.97 ( TOF ) and 1.90 ( MTX ), p = 0.676. In the course of 

treatment, changes occur, which in the TOF group follow a stable trend of significant decrease, 

while in MTX there is a slight increase in the 3rd month, followed by a significant decrease. At 

the end of the 12th month in both groups there was a significant reduction in nutritional 

difficulties , but with 17.04% higher improvement in those treated with TOF (-37.56%) 

compared to MTX (-20.52%), p = 0.009. 

 Personal hygiene 

 At the beginning of the treatment there were no serious difficulties in personal hygiene 

, with mean values of 1.70 for TOF and 1.64 for MTX ( p = 0.651). During treatment with TOF 

, there was a steady trend of gradual decrease in the mean, which at 12 months showed almost 

no difficulty (1.14), with a significant improvement of 33.00% ( p < 0 001 ). In MTX the trend 

is fluctuating. At the 3rd month there was a significant increase in difficulties by 12.80% ( p < 

0 001 ), followed by a slight decrease, but without statistical significance. At the end of the 12th 

month, the improvement in TOF was 33.00% compared to 1.80% in MTX , p < 0 001 . 

 Walking 

 Both groups of patients rated walking difficulties (walking on flat terrain, climbing 5 

steps) as minimal at the beginning of treatment, with mean values of 1.59 ( TOF ) and 1.57 ( 

MTX ), p = 0.905. Nevertheless, in the treatment with TOF there was a further reduction of the 

difficulties at the three time points, as at the 12th month the mean value (1.14) showed almost 

complete absence of difficulty in walking, with significant change ( p < 0 001 ). In the MTX 

group , a slight increase in difficulty of 8.90% was reported at month 3, followed by a decrease 

at month 6 and 12, but no significant change ( p> 0.05 for the three time points). The 

improvement in TOF at 12 months was 25.16% compared to 9.55% in MTX ( p = 0.042 ). 

Reaching an object 

Slightly higher average difficulty was observed for reaching an object (reaching and lowering 

an object up to 2.5 kg above the head, lifting clothes from the floor) at baseline in both groups 

- 2.16 ( TOF ) and 2.13 ( MTX ), p = 0.882. There was an improvement in the treatment process, 

but to a greater extent in the TOF , with a 37% improvement at the end of the 12th month 

compared to 19.25% in the group treated with MTX , a difference of 17.75% ( p = 0.011 ) . 

 Catching 

 At the beginning of treatment, both groups showed the same mean (1.76) of difficulty 

in grasping (opening the door, turning on the tap, opening the stirrer). During treatment, there 
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is a significant difference in favor of TOF with a persistent tendency to subdue, with an almost 

complete lack of difficulty at 12 months (mean = 1.16). In MTX , the change is hesitant - at 3 

and 6 months there is a slight increase, followed by a slight decrease at 12 months, but none of 

these trends is significant ( p> 0.05 for the three time points). At 12 months, the improvement 

in TOF was 34.10% compared to 5.68% in MTX , with a difference of 28.42% ( p> 0.001 ) . 

 Activities 

 Performing daily activities in the household, shopping and the like does not pose a great 

difficulty for patients at the beginning of treatment with mean values of 1.80 for TOF and 1.75 

for MTX ( p = 0.711 ) . In the course of treatment, a lasting and significant improvement was 

reported in TOF , while in MTX at 3 months there was a significant increase in difficulty by 

6.86%, followed by a significant decrease by 13.71% at 6 months. At 12 months, the 

improvement in TOF was 36.67% compared to 10.86% in MTX , p> 0.001. 

 

 

 

 

 

Table 8: Difficulties in performing normal actions during treatment o according to the SHAQ 

assessment system 

Indicators TOF MTX p 

 Average ( 

SD) 

Change from base level 

Difference ( % ) 

Average 

value 

( SD) 

Change from base 

level 

Difference (%) 

 

Dressing and toilet 

o basic 2.04 (0.65)  2.00 (0.63)  0.776 

o 3rd month 1.65 (0.59) - 0.39 (- 19.11 ) ** 2.09 (0.60) +0.09 (+4.50) 0 .004 

o 6th month 1.30 (0.49) - 0.74 (-36.27 ) *** 1.77 (0.51) -0.23 (- 11.50 ) * 0.000 

o 12th month 1.19 (0.46) -0.85 (-41.66 ) *** 1.66 (0.51) -0.34 (-17.00 ) *** 0.000 

Getting up 

o basic 1.78 (0.58)  1.77 (0.58)        0.917 

o 3rd month 1.36 (0.47) -0.42 (-23.60 ) *** 1.89 (0.62) +0.12 (+6.77) 0.000 

o 6th month 1.21 (0.41) -0.57 (-32.00 ) *** 1.60 (0.44) -0.17 (-9.60) 0.000 

o 12th month 1.13 (0.41) -0.65 (- 36.50 ) *** 1.56 (0.59) -0.21 (-11.86) 0.001 

Nutrition 

o basic 1.97 (0.72)  1.90 (0.64)  0.676 

o 3rd month 1.64 (0.52) - 0.33 (- 16.75 ) ** 1.95 (0.49) +0.05 (+2.60) 0.014 

o 6th month 1.38 (0.48) -0.59 (- 29.95 ) *** 1.55 (0.39) -0.35 (-18.42 ) *** 0.121 

o 12th month 1.23 (0.43) -0.74 (- 37.56 ) *** 1.51 (0.41) -0.39 (-20.52 ) *** 0.009 

Personal hygiene 

o basic 1.70 ( 0.56 )  1.64 (0.51)  0.651 
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o 3rd month 1.50 (0.45) -0.20 (-11.76 ) *** 1.85 (0.47) +0.21 (+12.80) *** 0.003 

o 6th month 1.27 (0.42) -0.43 ( -25.30 ) ** * 1.53 (0.40) -0.11 (-6.70) 0.012 

o 12th month 1.14 (0.33) -0.56 (-33..00 ) *** 1.61 (0.40) -0.03 (-1.80) 0.000 

Walking 

o basic 1.59 (0.50)  1.57 (0.51)  0.905 

o 3rd month 1.34 (0.44) -0.25 (-15.72 ) ** 1.71 (0.53) +0.14 (+8.90) 0.004 

o 6th month 1.19 (0.43) -0.39 (- 25.15 ) *** 1.46 (0.52) -0.11 (-7.00) 0.121 

o 12th month 1.18 (0.48) -0.40 (-25.16 ) *** 1.42 (0.46) -0.15 (-9.55) 0.042 

Reaching an object 

o basic 2.16 (0.83)  2.13 (0.82)  0.882 

o 3rd month 1.80 (0.74) -0.36 (-16.67 ) *** 2.04 (0.60) -0.09 (-4.20) 0.153 

o 6th month 1.55 (0.64) - 0.61 (-28.24 ) **** 1.87 (0.64) -0.26 (-12.20 ) * 0.049 

o 12th month 1.36 (0.53) -0.80 (-37.00 ) *** 1.72 (0.58) -0.41 (-19.25 ) ** 0.011 

Catching 

o basic 1.76 (0.57)  1.76 (0.58)  1,000 

 

o 3rd month 1.45 (0.49) -0.31 (-17.61) *** 1.90 (0.50) +0.14 (+8.00) 0.000 

o 6th month 1.24 (0.34) -0.52 (-29.55) *** 1.77 (0.50) +0.01 (+0.56) 0.000 

o 12th month 1.16 (0.36) -0.60 (-34.10) *** 1.66 (0.51) -0.10 (-5.68) 0.000 

Activities 

o basic 1.80 (0.59)  1.75 (0.50)  0.711 

o 3rd month 1.55 (0.45) -0.25 (-13.88) ** 1.87 (0.52) +0.12 (+6.86) * 0.010 

o 6th month 1.33 (0.44) -0.47 (-26.11) *** 1.51 (0.41) -0.24 (-13.71) *** 0.000 

o 12th month 1.14 (0.28) -0.66 (-36.67) *** 1.56 (0.46) -0.19 (-10.86) * 0.000 

* - Significant change from baseline at p <0.05; * * - Significant change from baseline at p 

<0.01; * ** - Significant change from baseline at p <0.001 

 The trends described above are illustrated in FIG. 21 . In all indicators, there is a steady 

downward trend in the level of difficulty in treatment with TOF , while in MTX the change 

during treatment is hesitant. At the end of the 12th month, both types of treatment showed a 

reduction in difficulties, but to a significantly higher extent in TOF . 
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FIG. 21: Change in difficulties in performing daily activities during treatment with TOF and 

MTX according to the assessment of patients under the SHAQ system 

 

 Patient assessment of disease manifestations ( VAS) as part of the SHAQ system 

 Severity of the disease 

 At baseline, the severity of the disease has similar mean values in both groups, with no 

significant difference, p = 0. 940. In the course of treatment in both groups there is a significant 

improvement in the condition of patients, but we must note a systemically higher degree of 

improvement in TOF treatment , as at 12 months, the difference reached 28.90% in favor of 

TOF ( p = 0.004 ). 

 Raynaud's disease 
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 At baseline, patients treated with TOF and MTX gave a similar score for Raynaud 's 

disease ( p = 0.869 ). In the course of treatment in both groups there was a significant 

improvement, with higher values in the TOF group and at the end of the 12th month the 

difference between the two groups increased to 32.37%, with statistical significance ( p = 0.01 

). 

 Pain 

 Both groups started treatment with a similar level of pain without significant difference 

between them ( p = 0.724 ). Both treatments lead to a significant reduction in pain at 3, 6 and 

12 months, with a higher degree of improvement in TOF treatment at all points in time . At 12 

months, the reduction in pain with TOF treatment was 41.50% compared with 13.26% with 

MTX , with a significant difference of 28.24% ( p = 0.001 ). 

 Injury to fingers 

 Complaints of finger injuries have similar levels in the two patient groups at baseline ( 

p = 0.584 ) and decreased significantly during treatment. In the treatment with TOF the 

improvement is systematically greater and at the end of the 12th month the difference with 

MTX reaches 43.45% ( p = 0.001 ). 

 Breathing problems 

 According to the patients' assessment, breathing problems were low before starting 

treatment in both groups ( p = 0.734 ). In the course of treatment, there was an additional 

reduction in respiratory problems with significant improvement in both groups, but to a greater 

extent in treatment with TOF . At 12 months, the difference between TOF MTX reaches 31.38% 

( p = 0. 024). 

 Intestinal problems 

 In both groups, intestinal complaints related to the disease did not pose a serious baseline 

problem ( p = 0. 804) and were further reduced during treatment. In the treatment with TOF the 

improvement is significant at 6 and 12 months, while in the treatment with MTX significant 

improvement is reported only at 12 months. The degree of improvement was systemically 

higher with TOF treatment and at 12 months the difference was 36.57% ( p = 0. 040). 
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Table 9: Patient assessment of the disease during treatment o according to the SHAQ system 

Indicators TOF 

 

MTX p 

 

Average value 

( SD) 

Change from base 

level 

Difference ( % ) 

Average value 

( SD) 

Change from base 

level 

Difference (%) 

 

Severity of the disease 

o basic 52.84 (25.83)  52.39 (23.29)  0.940 

o 3rd month 44.54 (22.74) - 8.30 (- 15.70 ) ** 49.54 (22.75) -2.85 (-5.40 ) ** 0.375 

o 6th month 36.39 (20.98) -16.45 (-31.70 ) *** 46.75 (22.28) -5.64 (- 10.77 ) *** 0.056 

o 12th month 29.36 (18.99) -23.48 (-44.40 ) *** 44.27 (21.37) -8.12 (-15.50 ) *** 0.004 

Raynaud's disease 

o basic 51.30 (27.71)  50.18 (27.49)        0.869 

o 3rd month 43.45 (23.21) -7.84 (-15.30 ) ** 47.66 (27.04) -2.52 (-5.02 ) ** 0.500 

o 6th month 37.45 (24.05) -13.84 (-27.00 ) *** 45.78 (26.31) -4.40 (-8.77 ) *** 0.184 

o 12th month 28.24 (21.83) -23.06 (- 45.00 ) *** 43.84 (25.50) -6.34 (- 12.63 ) *** 0.010 

Pain in the last week 

o basic 49.15 (24.61)  51.18 (21.75)  0.724 

o 3rd month 41.54 (23.10) -7.61 (- 15.48 ) ** 49.48 (19.75) -1.70 (-3.32 ) * 0.138 

o 6th month 37.00 (22.13) -12.15 (- 24.72 ) *** 46.84 (19.96) -4.34 (-8.47 ) *** 0.062 

o 12th month 28.75 (18.75) -20.40 (- 41.50 ) *** 44.39 (19.43) -6.79 (-13.26 ) *** 0.001 

Finger injury 

o basic 36.15 (28.32)  39.96 (28.07)  0.584 

o 3rd month March 27 

(22.60) 

-9.12 (-22.15 ) ** 37.36 (26.95) -2.60 (- 6.50 ) ** 0.096 

o 6th month 21.81 (24.03) -14.34 (-39.67 ) ** * 35. 81 (26.70) -4.15 (-10.39 ) *** 0.029 

o 12th month 15.30 (18.44) -20.85 (-57.68 ) *** 34.27 (25.70) -5.69 (- 14.23 ) *** 0.001 

Breathing problems 

o basic 28.39 (22.90)  30.33 (23.32)  0.734 

o 3rd month 22.39 (20.64) -6.00 (-21.13 ) * 27.66 (22.59) -2.67 (-8.80 ) * 0.326 

o 6th month 21.15 (20.67) -7.24 (- 25.50 ) * 26.21 (22.41) -4.12 (-13.60 ) * 0.344 

o 12th month 14.66 (15.45) -13.73 (-48.36 ) *** 25.21 (21.10) -5.12 (-16.88 ) *** 0.024 

Intestinal problems 

o basic 27.81 (25.76)  26.21 (26.16)  0.804 

o 3rd month 24.09 (23.49) -3.72 (-13.37 ) 25.27 (24.98) -0.94 (-3.60 ) 0.844 

o 6th month 20.42 (22.18) -7.39 (-26.57 ) * 25.27 (23.79) -0.94 (-3.60 ) 0.395 

o 12th month 15.36 (17.67) -12.45 (-44.77 ) *** 24.06 (21.79) -2.15 (-8.20 ) * 0.040 

* - Significant change from baseline at p <0.05; * * - Significant change from baseline at p 

<0.01; * ** - Significant change from baseline at p <0.001 

 The improvement in the manifestations of the disease according to the self-assessment 

of the patients in both types of treatment is illustrated in Fig . 22 . There was a decrease in mean 

values regardless of treatment, but with a systemically higher degree of improvement in TOF 

treatment . 
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FIG. 22: Change in disease manifestations during TOF and MTX treatment as assessed by 

SHAQ ( VAS) patients 

 

Patient Reported Outcomes Measurement Information System PROMIS Results 

 The PROMIS information system includes 29 questions, of which 28 follow an ordinal 

scale and the last question №29 measures the degree of pain on a long scale (0 to 10). For the 

purpose of the analysis, questions 1 to 28 were grouped into seven categories covering key 

aspects related to the quality of life of patients. 

1) Physical function (questions 1,2, 3 and 4) 

2) Fatigue and exhaustion (questions 13, 14, 25 and 16) 

3) Influence of pain (questions 25, 26, 27 and 28) 

4) Sleep disorders (questions 17, 18, 19 and 20) 

5) Anxiety and fear (questions 5, 6, 7 and 8) 
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6) Depression and helplessness (questions 9, 10, 11 and 12) 

7) Difficult participation in social roles and activities (questions 21, 22, 23 and 24) 

 Each of the above aspects of patients' quality of life was measured on a scale of 1 to 5, 

corresponding to the absence or persistent presence of difficulty / problem with the following 

degrees: 1 = never, 2 = rare, 3 = sometimes, 4 = frequent, 5 = constantly. Because each aspect 

was calculated as the average of several questions, the values were treated as continuous values 

and processed by parametric statistical methods. An independent sampling t-test was used to 

compare the two treatments at each time point (0, 3 months, 6 months and 12 months). The 

dynamics of the values from zero to 12 months for each treatment was monitored individually 

by t-test for related samples. A decrease in the mean value at time points compared to the zero 

level indicates a reduction in the difficulties associated with the disease and an improvement in 

the quality of life according to the studied indicators. Conversely, an increase in the mean 

corresponds to an increased degree of disease-related difficulties and a deteriorating quality of 

life. 

 Physical function 

 The physical function category combines four questions about patients' ability to do 

housework , do chores and shop , climb stairs , and walk . At baseline, both groups had similar 

mean values corresponding to moderate ( known ) difficulty in physical function, with no 

significant difference, p = 0. 370. At 3, 6, and 12 months, there was a significant difference in 

the physical function of patients treated with TOF and MTX in favor of TOF ( p < 0 001 ). 

During the treatment with TOF , a significant improvement in the physical function of the 

patients was observed, as at the 12th month the difficulties decreased by 31.40% ( p < 0 001). 

During treatment with MTX , the change in the physical function of patients at 3, 6 and 12 

months showed minimal ( <1%) deterioration compared to baseline, but no statistical 

significance ( p> 0.05 for all three points of time). 

 Fatigue and exhaustion 

 The degree of fatigue and exhaustion is presented as the average of four questions. 

 At baseline, patients treated with TOF and MTX rated similarly for fatigue and 

exhaustion, with mean values just above 3 corresponding to moderate fatigue ( somewhat ), 

with no significant difference ( p = 0.815 ). In the course of treatment, a difference occurred 

between the two groups, with significantly lower mean values in the TOF group at 3, 6 and 12 

months, p ≤ 0.001 . In particular, the TOF showed a significant and gradual reduction in the 

degree of fatigue tested, which decreased by 49.00% at 12 months, p> 0.001. On the other hand, 
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in MTX the reduction in the feeling of fatigue is minimal in the 3rd and 6th month and reaches 

7.70% in the 12th month. 

 Influence of pain 

 The negative impact of pain on the quality of life of patients is presented as an average 

of four questions about the difficulty of performing daily, household, household and social 

activities. Both groups started treatment with a similar degree of difficulty caused by pain, with 

no significant difference between them ( p = 0. 426). During treatment - at 3, 6 and 12 months 

--- the TOF group showed a significantly higher degree of improvement compared to the MTX 

group, with a significant difference ( p ≤ 0.001 ). 

 Intragroup, TOF treatment showed a strong tendency to reduce pain-related difficulties, 

which decreased by 50.56% at 12 months, p <0.001. In MTX treatment , a significant reduction 

in difficulties was reported at 6 and 12 months, but to a significantly lower extent (13.41%). 

 Sleep disorders 

 Sleep quality includes patients' assessment of difficulty falling asleep, lack of 

invigorating sleep, and other problems. At baseline, both groups showed a moderate degree of 

sleep disturbances, with no significant difference ( p = 0.563 ), but in the course of treatment in 

the group 

with TOF , a significantly greater reduction in problems was observed at all time points 

compared with the MTX group ( p ≤ 0.001 ). The improvement in TOF was systemic and 

significant at 3, 6, and 12 months, when it reached 47.50% ( p <0.001 ). The MTX group also 

improved, but to a much lower degree with a maximum of 18.40% in the 12th month. The 

difference between the two treatments regarding the degree of reduction of sleep problems at 

12 months was 29.10%. 

 Anxiety and fear 

 At the start of treatment, patients in both groups reported rare to moderate anxiety and 

fear with similar mean values in both groups (2.60 TOF ). and 2.53 MTX ), without significant 

difference ( p = 0. 695). During treatment, the TOF group experienced a systematic and 

significant reduction in the incidence of such conditions with an improvement of 49.62% at 12 

months, p <0.001 . No change in the incidence of fear and anxiety was observed during 

treatment with MTX at 3 months; on the 6th month there is an improvement of 9%, which 

reaches 14.40% on the 12th month. At the end of treatment, the difference between TOF and 

MTX reaches 35.22% in favor of TOF ( p <0.001 ). 

 Depression and helplessness 
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 Depression and helplessness were uncommon in both groups of patients at baseline ( p 

= 0.936) and became even rarer during TOF treatment during treatment, decreasing by 47.50% 

at 12 months and the mean a value of 1.15 indicates almost complete overcoming of such 

conditions ( p <0.001 ). In the treatment of 

MTX at 3 and 6 months did not show a significant change in the incidence of depression and 

only at 12 months a significant decrease of 13.12% was reported. At the end of treatment, the 

reduction in the incidence of depression was 34.38% greater in the MTX group ( p <0.001 ). 

 Difficult participation in social roles and activities 

 At the beginning of treatment, patients rated their ability to participate in social activities 

- family, friends and others - as moderately difficult with mid-scale values , with no significant 

difference between groups ( p = 0.276). Between baseline and month 12, there was a significant 

improvement in this ability, but with a systemic greater degree of improvement in the TOF 

group . At 12 months, the improvement was 49.33% in TOF treatment and 19.35% in MTX 

treatment , with a difference of 29.98% ( p <0.001 ) (Table 14). 

 

Table 10: Assessment of patients for their condition according to the PROMIS system 

Indicators TOF 

 

MTX p 

 

Average ( SD) Change from base 

level 

Difference ( % ) 

Average 

value 

( SD) 

Change from 

base level 

Difference (%) 

 

Physical function 

o basic 2.29 (0.64)  2.43 (0.64)  0.370 

o 3rd month 1.84 (0.53) - 0.45 (- 19.70 ) *** 2.44 (0.53) +0.01 (+0.41) 0.000 

o 6th month 1.82 (1,164) -0.47 (-20.50 ) *** 2. 48 (2.30)  +0.05 (+2.05) 0.000 

o 12th month 1.57 (1.39) -0.72 (-31.40 ) *** 2.44 (2.26) +0.01 (+0.41) 0.000 

Fatigue and exhaustion 

o basic 3.18 (0.98)  3.23 (0.85)        0.815 

o 3rd month 2.65 (0.74) -0.53 (-16.60 ) ** 3.25 (0.67) -0.02 (-0.62) 0.001 

o 6th month 2.18 (0.80) -1.00 (-31.40 ) *** 3.07 (0.55) -0.16 (-4.95) 0.000 

o 12th month 1.62 (0.59) -1.56 (- 49.00 ) *** 2.98 (0.69) -0.25 (- 7.70 ) * 0.000 

Influence of pain 

o basic 3.46 (0.97)  3.28 (0.86)  0.426 

o 3rd month 2.66 (0.80) -0.80 (-23.12 ) *** 3.37 (0.61) +0.09 (+2.74) 0.000 

o 6th month 2.37 (0.65) -1.09 (-31.50 ) ** * 2.95 (0.74) -0.33 (-10.07 ) 

*** 
0.001 

o 12th month 1.71 (0.59) -1.75 (-50.56 ) *** 2.84 (0.66) -0.44 (- 13.41 ) 

*** 
0.000 

Sleep disorders 

o basic 3.26 (0.80)  3.15 (0.78)  0.563 

o 3rd month 2.53 (0.63) -0.73 (- 22.40 ) *** 3.02 (0.62) -0.13 (-4.13) 0.002 
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o 6th month 2.16 (0.72) -1.10- ( 33.70 ) *** 2.73 (0.58) -0.42 (-13.00 ) 

*** 
0.001 

o 12th month 1.71 (0.60) -1.55 (- 47.50 ) *** 2.57 (0.53) -0.58 (-18.40 ) 

*** 
0.000 

Anxiety and fear 

o basic 2.60 (0.72)  2.53 (0.67)  0.695 

o 3rd month 2.12 (0.65) -0.48 (-18.46 ) *** 2.53 (0.55) 0.00 ( 0.00) 0.008 

o 6th month 1.71 (0.74) -0.89 (- 34.23 ) *** 2.29 (0.58) -0.24 (-9.00 ) * 0.001 

o 12th month 1.31 (0.42) -1.29 (-49.62 ) *** 2.19 (0.46) -0.34 (-14.40 ) 

*** 
0.000 

Depression and helplessness 

o basic 2.19 (0.78)  2.21 (0.74)  0.936 

o 3rd month 1.79 (0.60) -0.40 (-18.26 ) ** 2.34 (0.44) +0.13 (+5.89) 0.000 

o 6th month 1.49 (0.74) -0.70 (-32.00 ) ** 2.10 (0.47) -0.11 (-4.97) 0.000 

o 12th month 1.15 (0.39) -1.04 (-47.50 ) *** 1.92 (0.45) -0.29 (-13.12 ) 

** 
0.000 

Difficult participation in social roles and activities  

o basic 3.02 (0.92)  2.79 (0.80)  0.276 

o 3rd month 2.27 (0.71) -0.75 (-24.83) *** 2.72 (0.57) -0.07 (-2.50) 0.006 

o 6th month 1.99 (0.80) -1.03 (-34.10) *** 2.34 (0.54) -0.45 (-16.12) 

*** 

0.038 

o 12th month 1.53 (0.50) -1.49 (-49.33) *** 2.25 (0.49) -0.54 (-19.35) 

*** 

0.000 

* - Significant change from baseline at p <0.05; * * - Significant change from baseline at p 

<0.01; * ** - Significant change from baseline at p <0.001 

 The improvement in the manifestations of the disease according to the self-assessment 

of the patients in both types of treatment is illustrated in Fig . 23 . A reduction in mean values 

was seen regardless of treatment, but with a systemically higher reduction in TOF treatment . 
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FIG. 23 : Change in the condition of patients according to their self-assessment under the 

PROMIS system between baseline and 12 months 

 Degree of pain 

 The last question (№29) of the PROMIS rating system requires patients to rate the 

average level of pain they experience on a scale of 0 to 10, with 0 = no pain and 10 = the 

strongest possible pain . The results ( Table 11 ) show similar pain levels in both groups at the 

beginning of treatment with mean values of 6.27 for TOF and 6.12 for MTX . ( p = 0.745 ). 

Significant reductions in pain were observed during treatment in both groups, but with a 

significantly higher degree of TOF treatment . At 12 months, the pain level decreased by 

50.71% in the TOF group and by 20.42% in MTX , with a difference of 30.29% ( Fig . 24 ), p 

<0.001 . 
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Table 1 1: Psychosocial aspects of patients' quality of life assessed by the PROMIS system 

during treatment 

Moderate pain 

(0 to 10) 

TOF MTX p 

 

Average ( 

SD) 

Change from base 

level 

Difference ( % ) 

Average value 

( SD) 

Change 

from base 

level 

Difference 

(%) 

 

o basic 6.27 (1.92)  6.12 (1.85)  0.745 

o 3rd month 4.78 (1.98) -1.49 (-23.70 ) *** 5.63 (1.71) -0.49 ( 8.00) 

* 

0.067 

o 6th month 4.09 (2.02) -2.18 (- 34.70 ) *** 5.39 (1.90) -0.73 (-

16.33 ) *** 
0.009 

o 12th month 3.09 (1.64) -3.18 (-50.71 ) *** 4.87 (1.85) -1.25 (-

20.42 ) *** 
0.000 

* - Significant change from baseline at p <0.05; * * - Significant change from baseline at p 

<0.01; * ** - Significant change from baseline at p <0.001 

 

 

FIG. 24: Dynamics in the mean level of pain between baseline, month 3, month 6 and month 

12 
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Summary 

The overall condition of patients treated with TOF and MTX was assessed at baseline, month 

3, month 6, and month 12 on the VAS scale , and the results of the assessment made by the 

physician (CGA) and by the patients themselves were presented. ). 

 At baseline, according to CGA , the condition of patients in both groups had similar 

mean values ( 65.00 ± 14.15 for TOF treatment and 65.33 ± 14.33 for MTX treatment ), a 

similar range of minimum and maximum dimensions, with no statistically significant difference 

between treatments. p = 0. 925. At month 3, VAS values decreased in both groups, but the 

improvement was significantly greater with TOF treatment compared with MTX . . The trend 

is maintained at 6 and 12 months. The percentage improvement in the overall condition of the 

patients in both treatments showed an improvement of 23.32 ± 13.58% in the TOF treatment 

group compared to 11.20 ± 6.79% in the MTX treatment . 

 At the end of treatment (12 months), in patients treated with TOF the mean VAS 

decreased to 43.87 ± 19.84, and in MTX up to 53.16 ± 9.64 

  During treatment with TOF and MTX, the manifestations of systemic sclerosis were 

monitored according to the SHAQ health self-assessment questionnaire at four time points: 

baseline, 3rd month, 6th month and 12th month. 

 At the baseline level, the two treatments had similar mean values, corresponding to 

moderate ( known ) difficulties in dressing and dressing activities , with no significant 

difference. At 3, 6, and 12 months, there was a significant difference between patients treated 

with TOF and MTX in favor of TOF . The ability of patients to get up from a regular chair and 

to lie down and get out of bed is relatively good at the beginning of treatment, with mean values 

of 1.77 ( TOF ) and 1.78 ( MTX ), which indicate minor difficulties in both groups, p = .0.917 

. In the course of treatment, the difference between the two treatments becomes significant with 

better results in TOF . The level of difficulty in eating (lifting a full glass to the mouth, cutting 

meat, etc.) at the beginning of treatment indicates the presence of moderate problems in both 

groups of patients with mean values of 1.97 ( TOF ) and 1.90 ( MTX ), p = 0.676. In the course 

of treatment, changes occur, which in the TOF group follow a stable trend of significant 

decrease, while in MTX there is a slight increase in the 3rd month, followed by a significant 

decrease. At the beginning of the treatment there were no serious difficulties in personal 

hygiene , with mean values of 1.70 for TOF and 1.64 for MTX ( p = 0.651). During the treatment 

with TOF there is a firm tendency of gradual decrease of the average value, which at the 12th 

month shows almost complete absence of difficulties with a significant improvement of 33.00% 

. In MTX the trend is fluctuating. Both groups of patients rated walking difficulties (walking on 
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flat terrain, climbing 5 steps) as minimal at the beginning of treatment. Nevertheless, in the 

treatment with TOF there is an additional reduction of the difficulties in the three time points, 

as at the 12th month the average value shows almost complete absence of difficulties in walking. 

Slightly higher mean difficulty was observed for reaching an object (reaching and lowering an 

object up to 2.5 kg above the head, lifting clothes off the floor) at baseline in both groups. There 

was an improvement in the treatment process, but to a greater extent in the TOF , with a 37% 

improvement at the end of the 12th month compared to 19.25% in the MTX group . 

 At the beginning of the treatment, both groups showed the same average values of difficulty in 

grasping (opening the door, turning the tap on the tap, opening the stirrer). During treatment, 

there is a significant difference in favor of TOF with a steady trend of improvement and at the 

12th month there is almost no difficulty.  

Carrying out daily activities in the household, shopping and the like is not a big difficulty for 

patients at the beginning of treatment. At 12 months, the improvement in TOF was 36.67% 

compared to 10.86% in MTX , p> 0.001. 

 During treatment with TOF and MTX, the manifestations of systemic sclerosis were 

monitored according to the SHAQ health self-assessment questionnaire at four time points: 

baseline, 3rd month, 6th month and 12th month. At the baseline level, the two treatments had 

similar mean values, corresponding to moderate ( known ) difficulties in dressing and dressing 

activities , with no significant difference. At 3, 6, and 12 months, there was a significant 

difference between patients treated with TOF and MTX in favor of TOF . 

  The PROMIS information system proved the same trend as with the other scales - at 

the baseline level, the two treatments showed similar mean values, corresponding to moderate 

( known ) difficulties in all activities, without significant difference. At 3, 6, and 12 months, a 

difference was observed between patients treated with TOF and MTX in favor of TOF . 

 

4.6 Outcomes of Task 6: Safety study in TOF treatment and reported adverse reactions  

 

 The safety of treatment and the presence of side effects are of particular importance to 

every researcher and physician. In the observed patients they are rare in both treatment groups 

(Table 12). A total of four serious adverse events were reported, of which one was a patient on 

TOF treatment who developed progressive idiopathic fibrosis and withdrew from the study; 

two patients in the MTX treatment group who withdrew due to elevated transaminase levels 

(more than 2.5 times the upper limit of normal), and one patient in the MTX treatment group 

was diagnosed with basal cell carcinoma at week 52. 
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Table 12: Adverse events reported up to week 52 in 66 MSD patients treated with tofacitinib 

and methotrexate ( n (%) ). 

                    

Adverse events up to 52 weeks 

                      GROUP 
Fisher's 

exact test 

TOF 

(N = 33) 

MTX 

(N = 33) 
p 

One or more HC , n (%) 11 (33%) 11 (33%) 1,000 

One or more infectious HC , n (%) 4 (1 2 %) 6 (1 8 %) 0.733 

One or more severe NA (SNA) , n (%) 1 ( 3 %) 3 (9%) 0.613 

SNA leading to dropout , n (%) 1 (3%) 2 (6%) 1,000 

Infections 4 (12%) 6 (18%) 0.733 

Pneumonia 0 (0%) 0 (0%) 1,000 

Viral infections 3 (9%) 5 (15%) 0.708 

Shingles 0 (0%) 0 (0%) 1,000 

Genitourinary infections 1 (3%) 0 (0%) 1,000 

Infected digital ulcers 0 (0%) 1 (3%) 1,000 

Heart disease 0 (0%) 2 (6%) 0.492 

Atrial fibrillation 0 (0%) 1 (3%) 1,000 

Acute coronary syndrome 0 (0%) 0 (0%) 1,000 

Pericardial effusion 0 (0%) 1 (3%) 1,000 

Deep venous thrombosis 0 (0%) 0 (0%) 1,000 

Lung diseases 1 (3%) 0 (0%) 1,000 

Progressive interstitial lung disease ( SNA ) 1 (3%) 0 (0%) 1,000 

Pulmonary thromboembolism 0 (0%) 0 (0%) 1,000 

Gastrointestinal diseases 6 (18%) 2 (6%) 0.258 

Cholecystitis 0 (0%) 0 (0%) 1,000 

High cholesterol (> 1.5x) 2 (6%) 0 (0%) 0.492 

Elevated transaminases (> 1.5x - <2.5x ) 4 (12%) 0 (0%) 0.114 

Elevated transaminases ( > 2.5x ) 0 (0%) 2 (6%) 0.672 

Malignant diseases 0 (0%) 1 (3%) 1,000 

Basal cell carcinoma ( SNA ) 0 (0%) 1 (3%) 1,000 

 

 Summary  

 There was no statistically significant difference in the number of adverse events reported 

in the two groups of patients with MSF treated with TOF and MTX up to week 52. No cases of 

shingles and deep vein thrombosis were observed in the tofacitinib group. 

 There are no new types of adverse events compared to those previously reported for the 

preparation. 
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5. DISCUSSION 

 

 Systemic sclerosis (SC) is a multi-organ connective tissue disease characterized by 

microangiopathy, immune dysregulation, and fibrotic changes affecting the skin and internal 

organs (194). Although the pathogenesis of SS is far from fully understood, many pathogenic 

mechanisms and different cell types are involved in the disease process (191). Chronic vascular 

damage, endothelial activation, and immune activation are thought to be crucial for secondary 

activation of fibroblasts and associated fibrogenesis (43, 197, 209, 214). The release of various 

soluble mediators, including endothelin-1, chemokines and growth factors, together with 

increased expression of adhesion molecules and platelet activation may lead to recruitment and 

activation of immune inflammatory cells, including type 2 helper (Th2) T cells, which secrete 

transforming growth factor-β (TGFβ), interleukin 13 (IL-13) and IL-4, which are known to 

promote fibrogenesis; In cells that produce autoantibodies and IL-6; macrophages that release 

TGFβ, IL-1 and IL-6 and dendritic cells that secrete type 1 interferon (IFN) (51, 57, 66, 69). In 

addition, activated platelets can increase the production of platelet-derived growth factor, 

thrombin, thromboxane, serotonin and platelet-derived factor 4. All of these mediators 

contribute to the phenotypic differentiation of fibroblasts into myofibroblasts, which are 

responsible for generating other reactive acid species. which include TGFβ, connective tissue 

growth factor (CTGF) and PDGF. Regulatory pathways activated by lipid mediators and 

intracellular molecules can further modulate extracellular matrix production (78, 114). 

Excessive collagen deposition causes changes in the skin and internal organs (9, 34). Many 

factors, including environmental factors, can lead to immune system disorders and vascular 

changes (9, 44, 217). Endothelial changes can lead to a cascade of stimulatory changes that 

involve many cells, including fibroblasts, T lymphocytes, macrophages, and mast cells. In turn, 

activated cells secrete various substances, including cytokines and their soluble receptors and 

enzymes and their inhibitors (9, 13, 61, 218). Activation of the immune system is of paramount 

importance in the pathogenesis of systemic sclerosis. Antigen-activated T cells infiltrate the 

skin and produce the profibrotic cytokine IL-4. B-cells may contribute to fibrosis, as deficiency 

of CD19, a B-cell transduction molecule, results in reduced fibrosis in animal models (34, 51, 

78). Numerous studies suggest a sequence of pathogenetic events initiated by unknown 

etiological factors in a genetically susceptible host that cause microvascular damage 

characterized by structural and functional abnormalities of endothelial cells (43, 50, 61). 

Endothelial cell abnormalities lead to increased production and release of numerous and potent 
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mediators, including cytokines, chemokines, polypeptide growth factors, and various other 

substances such as prostaglandins, reactive oxygen species, or to reduction of important 

compounds such as prostacyclin and nitric oxide (56, 124 , 82). 

 Endothelial cell dysfunction allows chemokine and cytokine-mediated attraction of 

inflammatory cells and fibroblast precursors (fibrocytes) from the bloodstream and bone 

marrow and their transmigration into surrounding tissues, leading to the establishment of a 

chronic inflammatory process involving 89 macrophages. T and B lymphocytes, with further 

production and secretion of cytokines and growth factors by these cells (87). Endothelial 

dysfunction and fibrosis are closely related and it has been suggested that vascular changes, 

including the phenotypic transformation of endothelial cells into activated mesenchymal 

myofibroblasts, may be the initiating event and common pathogenetic change leading to fibrotic 

and chronic inflammatory involvement. , 142). 

 Activation of endothelial cells induces the expression of chemokines and cell adhesion 

molecules, causing the attraction, transendothelial migration, and perivascular accumulation of 

immunologically inflammatory cells, including T- and B-lymphocytes and macrophages (169, 

170). 

 Inflammatory cells produce and secrete various cytokines and / or growth factors, 

including transforming growth factor beta (TGF-β) and other profibrotic mediators such as 

endothelin-1, which induce increased smooth muscle cell proliferation, marked accumulation 

of subendothelial fibrous tissue and of platelets and intravascular thrombosis, which ultimately 

causes microvascular occlusion (137, 210, 213). 

 

Synovitis, intra-articular effusion, tenosynovitis, calcifications, erosions, carpal tunnel 

syndrome have been shown in patients with MS, but they are difficult to prove on clinical 

examination due to altered proper skin - thickened, thickened and with low elasticity (189). 

High-frequency US (HFUS) through its modalities (Gray scale and Power Doppler) allows a 

detailed assessment of changes in tendons, vaginal tendons and retinaculums in patients with 

MS, the presence of TFRs, both clinically pronounced and palpable, and in subclinical 4, 35, 

96, 173, 174). MRSS is a widely used method for assessing skin involvement in SSc, but its 

shortcomings are well known - it is subjective, insufficiently sensitive and unable to 

differentiate skin thickness from other skin changes characteristic of scleroderma (5, 6, 17, 18). 

, 64). This necessitates an objective, non-invasive, reliable method both for capturing changes 

in the dermis during the early phase of MSD (which precedes palpable skin involvement) and 

for monitoring disease progression (7, 15, 105, 175). 
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 High-frequency US very accurately determines the thickness of the skin (dermis), its 

echogenicity and homogeneity, and there is a strict relationship between skin thickness and 

echogenicity in the various phases of MSS (22, 121, 214). In the early, edematous phase, there 

is increased thickness and decreased echogenicity, and as the disease progresses, there is a 

decrease in skin thickness and an increase in echogenicity (18, 32, 167, 168). The modified 

ultrasonographic Rodnan skin score (mRUSS) allows objectification of quantitative changes in 

the skin in patients with MS. Determining skin thickness has its importance and place in the 

early stages of the evolution of the disease, when it significantly increases. As the disease 

progresses, the skin thickness decreases and the changes become insignificant for the individual 

phases (7, 200). 

 The JAK / STAT pathway is the major signaling mechanism for several cytokines and 

growth factors (110, 188-A). Targeting JAK and STAT can be a safe and effective strategy for 

treating these diseases. Tofacitinib, as the first JAK inhibitor, has been approved for the 

treatment of rheumatoid arthritis. Also, many other JAK inhibitors have been proven or are in 

different phases of clinical trials for different diseases. Low molecular weight JAK inhibitors 

are currently considered a new category of drugs in the treatment of cancer and immune-

mediated diseases (9, 110). 

STAT3 is part of the JAK / STAT pathway and plays a critical role in skin and lung fibrosis 

(188-A). Tofacitinib is a 'pan-JAK inhibitor' because it has low JAK selectivity and is able to 

block JAK1, JAK2 and JAK3 (8). Some major mediators that are considered major in the 

pathogenesis of MSDs are involved in the JAK / STAT signaling pathway: IL-6, IFN types 1 

and 2, and most importantly IL-4 and IL-13 (21). 

 The safety and efficacy of tofacitinib in MSDs were tested in a phase I / II, 6-month, 

double-blind, randomized placebo-controlled study in early (≤ 60 months) patients with diffuse 

CC (203). Tofacitinib was shown to be well tolerated during the study period, with no patients 

experiencing adverse events ≥ grade 3. There was a tendency to improve clinical outcomes. 

 MSD is a disease with remarkable heterogeneity, reflecting the enormous clinical 

diversity. Recent findings regarding the involvement and interaction of various cytokines and 

markers have led to a better understanding of the pathogenesis of the disease and to the 

identification of new therapeutic targets. Improved screening and evaluation strategies have 

encouraged earlier detection, stratification and intervention. There is a general consensus on the 

use of immunosuppressants in patients with early MSDs. However, the disadvantages of 

traditional immunosuppressants in the disease, together with the brilliant success of biological 

DMARDs and low molecular weight synthetic drugs in inflammatory arthritis, have prompted 
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research into their potential benefits in MSDs. Following the paradigms established in 

inflammatory arthritis, it seems obvious that concomitant or sequential combination therapies 

will need to be investigated in patients with CC. 

With regard to other organic products, no definitive conclusion can be drawn in the absence of 

rigorous randomized controlled trials. Some encouraging data are available from studies on the 

effect of IL-6 blockers in patients with CC. Recent promising patient stratification strategies 

based on autoantibody status (anti-topoisomerase I versus anti-RNA polymerase 3 versus anti-

centromere, etc.) and skin gene profiling offer the ability to select and identify the best 

candidates for any targeted therapy such as tofacitinib. 

 Our study included 66 patients with SS (59 women and 7 men) aged 22-70 years, mean 

age 48.45 ± 12.35 years. for the TOF treatment group and 48.21 ± 11.51 years for the MTX 

treatment group. Patients were divided into 2 groups in a ratio of 1: 1. 33 of them received 

therapy with TOF 5mg, 2 times a day; 33 received MTX therapy 7.5-10mg once a week. All 

patients meet the ACR / EULAR Systemic Sclerosis Classification Criteria, 2013 (192). 

 According to the results obtained, at baseline, patients in both treatments, TOF and 

MTX, have similar values of the studied indicators, without significant difference, on the 12th 

week after starting treatment, there is a decrease in the values of the studied indicators and both 

groups of patients. In general, lower values were found in those treated with TOF, but the lack 

of a significant difference between the groups remained. The median mRSS decreased to 19 for 

TOF and 20 for MTX, p = 0.058. Skin thickness also decreased to 1.59 mm with TOF treatment 

and to 1.67 mm with MTX, p = 0.273. The US10SSc score, which at baseline was 16 in both 

groups, decreased to 13 in TOF treatment and 15 in MTX treatment, p = 0.089. 

 At week 26, the difference between the two treatments widened on the three indicators 

and reached statistical significance. With TOF treatment, there is a strong tendency to decrease, 

while with MTX the change is hesitant with a slight increase or decrease. 

 According to W. Wu et al., Skin involvement in diffuse SS is a predictor of visceral 

involvement, prognosis, and mortality. m RSS reflects the progression of the disease and its 

improvement is a positive prognostic sign and vice versa (204). For these reasons, mRSS was 

chosen as the primary efficacy endpoint. In addition, we evaluated musculoskeletal 

involvement, as it has been shown that joint and periarticular involvement is associated with a 

more aggressive course of the disease, progression of skin fibrosis, internal organ involvement, 

and poorer prognosis (39, 190). In addition, synovitis and TFRs are independent predictors of 

skin fibrosis and pulmonary fibrosis progression (143). 
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 According to ours results, TOF is more effective in affecting the skin and 

musculoskeletal system than MTX. At both 26th and 52nd week, patients treated with TOF had 

significantly lower mean values and significantly higher mean reductions and mean percentage 

reductions in outcome variables compared to the MTX group, similar to the results of other 

authors (9). 

 In the planning phase of the study, we hypothesized a 40% better outcome in the primary 

measure (mRSS) in the TOF treatment group than in the MTX group. At week 26, there was a 

difference of 9 points in the mean reduction in mRSS and a difference of 37.34% in the mean 

percentage reduction in favor of TOF. At week 52, these differences increased further to 10.43 

points in the mean reduction in mRSS and 44% in the mean percentage reduction. Individual 

changes in the TOF range from −7 to −24 points, with the majority (75%) achieving a reduction 

of more than −10 points. In comparison, individual changes in the MTX group varied between 

6 and −7 points, as 64% were below −5 points, 13% showed no change, and 13% showed an 

increase in mRSS. 

 The results of other recently published randomized controlled trials with tocilizumab 

(126), abatacept, riociguat and belimumab in diffuse SS are close to statistical significance, but 

do not correspond to the primary endpoint for mRSS reduction (20, 21, 131). 

The assessment of skin thickness by mRSS has some shortcomings in terms of its objectivity, 

bias among evaluators and the inability to detect subtle changes in the skin. Other techniques 

such as high-frequency ultrasonography are more sensitive, objective and reliable for estimating 

skin thickness (125). 

 Musculoskeletal ultrasonography can be used to assess joint and periarticular 

involvement in patients with SS (127). Elhai et al. have shown that signs of tendon involvement 

are more common in SS than in patients with RA (96). Sclerosing tenosynovitis, detected by 

ultrasound as a hyperechoic thickening of the tendon sheath, appears to be more specific for 

CC and rare in RA (96). 

 In our study, TOF was more effective than MTX in reducing musculoskeletal 

involvement in SS. In fact, the average reduction in the US joint and tendon score (US10SSc 

score ) was significantly higher in the TOF group at all three time points. 

  

 Our pilot study is one of the first studies on the efficacy of TOF treatment in patients 

with SS. The use of high- frequency ultrasonography to objectively measure and monitor the 

effectiveness of TOF and MTX on skin and musculoskeletal disorders is another new aspect. 
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The fact that all three measurements of the result (mRSS, skin thickness and US10SSc score ) 

showed consistent results may confirm the validity of the observed clinical improvements. 

TOF treatment has shown a positive effect on the number and size of digital ulcers . At 

baseline, digital ulcerations were documented in eight patients treated with TOF and six patients 

treated with MTX (Fig. 14). No new digital ulcerations developed in patients treated with TOF 

during treatment and the total number of digital ulcers was reduced by 75%. In the same group, 

a patient with prolonged pruritus showed significant improvement. In comparison, no healing 

of digital ulcers was observed in the MTX group and three new DUs (15% increase) occurred.  

 The pressure in a. pulmonalis (AP) in millimeters of mercury (mmHg) and the number 

of B lines detected by lung ultrasound (LUS) were measured at baseline and at the end of 

treatment (week 52) in patients treated with TOF and MTX . No significant differences in 

pressure were found in a. pulmonalis and the number of LUS-B lines between treatment with 

TOF and MTX. At baseline, the median pressure in a. pulmonalis has the same value of 

18mmHg in both patient groups and almost the same arithmetic mean, p = 0.750. At the end of 

treatment, the median pressure in a. pulmonalis remained unchanged in both treatments 

(18mmHg) with similar arithmetic means, p = 0.454. LUS – B lines also show the same medians 

in both treatments: N = 5 at baseline (p = 0.972); N = 6 at the end of treatment (p = 0.967). The 

mean number of LUS-B lines is also very similar in treatment with TOF and MTX. Similar 

results have been found by other researchers (117, 140). 

In the subgroup of patients with ILD on TOF therapy, forced vital capacity was observed 

at baseline and at the end of the one-year follow-up. There was a decrease in the projected FV 

C, but only by 2.95%. Similar results for the reduction in F VC were obtained in other authors 

evaluating other drugs for therapeutic effect on lung function in patients with S S-ILD with 

placebo-matched in larger patient cohorts ( 226 ). In these studies, the primary endpoint is to 

delay the decline in F VC. One of these preparations (Nintedanib) is registered for use with a 

change in F VC similar to that obtained with TOF. More data are needed on the effect of 

tofacitinib on interstitial lung involvement in patients with systemic sclerosis, but our findings 

may indicate that blockade of J AK / STAT by the needle pathway reduces the progression of 

FVC decline. 

 

 Spleen and liver densities were assessed by Elastography before treatment (baseline) 

and at the end of treatment at week 52 in patients on active treatment with TOF and the control 

group treated with MTX. Spleen and liver densities showed similar mean, minimum, and 

maximum values in patients treated with TOF and MTX. At baseline, the mean PS for TOF 
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treatment was 3.106 ± 0.42 m / s and for MTX treatment was 3.108 ± 0.42 m / s, p = 0.988. At 

the end of treatment, at week 52, the mean spleen density in both treatments remained almost 

unchanged: TOF 3.103 ± 0.42m / s; MTX 3.110 ± 0.43m / s, p = 0.945. A similar trend is 

observed with respect to liver density. Liver density also did not show a significant change in 

the one-year treatment period with TOF (p = 0.079) and MTX (p = 0.109).  

 During treatment with TOF and MTX, the manifestations of systemic sclerosis were 

monitored according to the SHAQ (Scleroderma Health Assessment Questionnaire) at four time 

points: baseline, 3 months, 6 months and 12 months. you month. The PROMIS information 

system proved the same trend as with the other scales - at the baseline level, the two treatments 

showed similar mean values, corresponding to moderate (known) difficulties in all activities, 

without significant difference. At 3, 6, and 12 months, a difference was observed between 

patients treated with TOF and MTX in favor of TOF. The results of both questionnaires showed 

a better effect of TOF treatment compared to MTX. 

 

There was no significant difference in the number of adverse reactions in the two treatment 

groups up to week 52 and no cases of shingles or deep vein thrombosis were found in the TOF-

treated group. The discontinuation rate (3% for the TOF group and 6% for the MTX group) was 

lower in the current study compared to the tocilizumab trial (9%), similar to the results of other 

authors (106, 107). 

  There are no new types of adverse events compared to those reported so far for the drug, 

similar to the results of other authors (7,8,11). 

  

The results obtained by us make us think that we are on the right track in terms of future 

opportunities for systematic influence of a number of organ inclusions in the SS. Perhaps the 

therapeutic breakthrough will be somewhere around the inhibition of the key cytokine Il-6 , for 

which the blocking of the JAK / STAT signaling pathway also plays a key role. We hope that 

our study, as one of the first in the problem, will initiate new research in this area. 

Future challenges will be the use of precision medicine to build a personalized 

therapeutic approach to patients with SS.  
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6. CONCLUSIONS 

 

1.  Blocking the JAK / STAT signaling pathway in patients with SSc has a 

beneficial effect on skin involvement and DU. 

2.  Blocking the JAK / STAT signaling pathway has a beneficial effect on joint 

and tendon involvement in patients with SSc. 

3.  Blocking the JAK / STAT signaling pathway does not reduce the stiffness 

of internal organs. 

4.  Blocking the JAK / STAT signaling pathway does not change the PAP and 

the number of B lines, but may reduce the progression in the FVC decline. 

5.  The quality of life of patients with SS treatment with TOF, assessed by 

patient questionnaires PROMIS 29, SHAQ, PGA VAS, CGA VAS is better than 

that of patients treated with MTX. 

6 .  A safety study with TOF treatment and reported adverse reactions did not 

show more frequent or severe adverse events in patients with SSc treated with 

TOF than with those treated with MTX. 
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7. CONTRIBUTIONS 

 

A. Contributions of an original nature   

1.  The first study proving the effect of TOF therapy on skin involvement 

assessed by mRSS and high-frequency ultrasonography and joint and tendon 

involvement assessed by US10SSc score compared to MTX treatment in patients 

with SSc 

2.  Liver and spleen stiffness was first assessed and monitored in patients with 

SSc during treatment. 

3.  For the first time in Bulgaria PROMIS 29, SHAQ, PGA VAS, CGA VAS 

in patients with SSc have been studied on different therapeutic regimens 

 

B. Contributions of scientific and applied nature 

1.  Digital ulcerations in SSc do not increase in the treatment with TOF 

2.  Developed scales and indices (PROMIS 29, SHAQ, PGA VAS, CGA VAS) 

for SSc activity can be applied in routine rheumatological practice 

3.  The role of ultrasonography and elastography in patients with SSc as a 

diagnostic method was evaluated 

 

 

In . Contributions of a confirmatory nature 

1. TOF treatment has been shown not to cause more severe infections (including 

herpes zoster virus infection) than MTX treatment. 

2.  A safety study with TOF treatment and reported adverse reactions did not 

show more frequent or severe adverse events in patients with SSc treated with 

TOF than with those treated with MTX. 
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