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1. Introduction

In 10-20% of children with JIA, a wide range of extra-articular manifestations such as
spiking febrile fever, carditis, pneumonitis and serositis were noted [1]. Despite the
advances in modern medicine, treatment of the systemic JIA variant with glucocorticoids
and immunosuppressants has not always proved effective [1,2,3]. In 50% of patients,
progressively destructive changes in the joints, with recurring extra-articular manifestations,
have been steadily increasing the disability level. Most children with systemic JIA take oral,
intravenous or intra-articular corticosteroids. However, glucocorticoids do not control the
disease, prevent the progression of cartilage bone destruction or reduce disability in
patients, and their prolonged use leads to severe irreversible effects, particularly, short
stature, delayed puberty, adrenal insufficiency, osteoporosis and corticosteroid dependence
[1,2, 3].

Interleukin 6 (IL-6), one of the central cytokines, has been discovered to play a leading role
in development of systemic JIA. When excess IL-6 is produced, extra-articular
manifestations such as fever and thrombocytosis are noted [4,5]. IL-6 stimulates the
production of inflammatory proteins by hepatocytes (CRP, amyloid A, haptoglobin,
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fibrinogen), and competitively inhibits synthesis of albumin and transferrin [6]. Anemia is
one of extra-articular manifestations of systemic JIA. It develops during IL-6 stimulated
secretion of hepcidin by the hepatocytes [7-10]. In normal concentrations, IL-6 enhances the
synthesis of the adrenocorticotropic hormone and cortisol, as well as the production of the
growth hormone and procalcitonin [10,11]. However, at higher concentrations, IL-6 blocks
the production of these hormones, which leads to fatigue, sleepiness, depression, cognitive
disorders and retarded growth in children with systemic JIA [10,11,12], as the activity of IL-6
is also connected with the development of amyloidosis associated JIA. Thus, inhibition of IL-
6 is very important in treatment of systemic JIA. Tocilizumab was synthesized for this
purpose. Tocilizumab is a humanized monoclonal antibody to IL-6 receptor [13]. Based on
the positive results of clinical studies on the efficacy and safety of Tocilizumab therapy, the
drug has been registered for treatment of systemic JIA [16-23].

The purpose of this study is to evaluate the efficacy and safety of Tocilizumab treatment in
children with the severe refractory systemic JIA.

2. Patients and methods

In a retrospective observational study, patients with the systemic JIA, treated with
Tocilizumab between June 2009 and October 2011 in the Rheumatology Department, Science
Center for Children’s Health of RAMS were followed. The use of Tocilizumab in all the
cases was approved by the local ethics committee. Prior to treatment, written consent was
taken from the parents of the children, children aged 14 and older gave written informed
consent themselves.

The results of treatment of 60 children (30 girls and 30 boys) aged 6.5 (4.5; 9) years (Me (25,
75)) were given in this analysis. The mean disease duration before beginning Tocilizumab
therapy was 4.5 (2.2; 6.5) years. Diagnosis of systemic JIA was made based on diagnostic
ILAR criteria (International League of Associations for Rheumatology). All patients
underwent standard clinical and laboratory examination. Control of hemoglobin level, the
number of erythrocytes, platelets, leukocytes, ESR, serum concentration of urea, creatinine,
uric acid, bilirubin, transaminases, and clinical urinalysis was performed once every two
weeks. Blood pressure (BP) was checked on a daily basis.

Number of systemic manifestations, swollen, painful joints, joints with limitation of
function, serum CRP level were determined on a monthly basis. Therapy efficacy was
evaluated according to the ACR pedi criteria ACR30, ACR50, ACR70. The criteria included a
parent’s assessment of pain, parent’s global evaluation, physician’s global assessment of
disease status using VAS, the functional ability by CHAQ, number of joints with active
arthritis, number of joints with limitation of function and ESR.

The main target of therapy was status of inactive disease and remission. Inactive phase
of disease was established in the absence of active synovitis, systemic manifestations,
normal ESR and serum CRP level, as well as absence of disease activity on the
physician’s global assessment (on VAS). At the time of therapy initiation most children
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had active polyarthritis (Table 1). All patients revealed extra-articular manifestations of
disease: spiking fever in 90% (54), carditis in 3% (2), lymphadenopathy in 86% (36),
maculopapular rash in 35% (21), spleno- and hepatomegaly in 45% (27) of the patients.
The number of systemic manifestations per patient was 2.5 (Table 1, Fig. 1). High clinical
disease activity was accompanied by a general inflammatory reaction: hypochromic
anemia in 90% (54), leukocytosis in 75% (45) and thrombocytosis in 80% (48) of patients.
The median ESR was more than twice the normal value and serum CRP level increased
up to 10 times (Table 1).

Index Value (Me (25; 75)

number of active joints 8 (4;,14)

number of joints with limitation of function |9(3;14)

number of systemic manifestations per

patient 2.5(1.5;3.5)
ESR, mm/h 28 (18; 55)
platelets, x109/ 490 (480; 640)
hemoglobin, g/L 92 (86; 98)
CRP, mg% 14 (7; 26)

Table 1. Clinical characteristic of patients with the systemic JIA included in the study.

Thus, at the beginning of therapy all patients with systemic JIA had active arthritis, severe
systemic manifestations and high laboratory parameters of the disease activity with
increasing disability.

Previous therapy: Prior to the Tocilizumab treatment all patients were treated with
antirheumatic drugs, in various modes. In the initial stages of the disease (based on the
place of residence in the territorial health care facility) 60% (36) children were prescribed
oral prednisolone at a dose of 10 to 30 mg / day. All children received methylprednisolone
pulse therapy at a dose of 10-30 mg / kg initially, 47 (78%) - local glucocorticoid therapy
from 1 to 10 times a year, 10 (17%) were treated with TNF-blockers and 22 (37%) with anti-B
cell therapy with rituximab. All children were treated with antiinflammatory drugs
(NSAIDs).

Background therapy: Tocilizumab was administered in patients receiving immunosuppressive
drugs (Table 2). Doses of antirheumatic drugs were stable within 3 months before
Tocilizumab therapy.
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Dose
f chil

Drug (Me (25; 75)) Number of children
methotrexate, mg/m?/week 18 (15; 25) 60
cyclosporine, mg/kg/day 4(4;4) 46

5(7;12
prednisolone, mg/day 1057 12) 36
NSAIDs - 60

Table 2. Background therapy in patients with the systemic JIA included in the study.

Tocilizumab treatment: Tocilizumab was administered intravenously, once every two or four
weeks at a dose of 8-10 mg / kg per infusion. All the children within one or two months of
receiving the drug every two weeks had the interval increased to four weeks between doses.
Infusions were performed for one hour, at the rate of 10 ml / h for the first 15 minutes, and
then increased to 130 ml / hour.

Analysis of the efficacy was done after one month. The results indicated improvement in 52
children by 1 month, in 50 children by 3 months, in 40 children by 6 months, in 32 children
by 9 months and in 24 children by the end of a year.

Statistical data processing was performed using the program STATISTICA 6.0 (StatSoft Inc.,
USA). Quantitative characters are shown as median (25, 75 percentiles). Changes in the
quantitative traits during the treatment were evaluated using the Wilcoxon test conjugate
pairs. Statistically significant differences were considered at p <0.05.

2.1. Results

Tocilizumab treatment ensured reliability and marked improvement of the systemic
manifestations, as well as clinical and laboratory parameters of disease activity.

Within one month after initiation of therapy, patients showed a significant decrease in
number of systemic manifestations (Fig. 1). Carditis one of the serious extra-articular
manifestations of systemic JIA, disappeared in all the patients. Frequency of skin rash also
significantly reduced, from 21 (35%) to 13 (25%) of the cases. After the first infusion of
Tocilizumab, no spikers of fever were observed in all patients (Fig. 1).

After observation of 24 patients over a year, lymphadenopathy persisted in 3 patients, rash
in 2 cases and hepato / splenomegaly in 1 patient. At the end of one year of observation, the
number of systemic manifestations per patient was 0.25 (Figs. 1).

In the fourth week of treatment the number of active joints significantly decreased from 8 (4,
14) to 4 (1, 14), p <0.01. By the 12th month the rate was 0 ((0, 3), p <0.001) (Fig. 2).
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Figure 1. Dynamics of Systemic Features in children with systemic JIA treated with Tocilizumab.
Hereinafter: * p<0.001 - statistically significant difference compared to baseline

24
22t o
20
- o Median [125%-75% _I_ Range w/o extreme values

16

14 *%

12 -1

10 +
8t E\
\3\ % %
4 L
2t \D\
ot | 5
n=60 n=52 n=50 n=40 n=3T n=2

2 ' 0 1 3 5 ) T2

Number of active joints

months to follow up

Figure 2. Dynamics in number of active joints in children with systemic JIA treated with Tocilizumab.
Hereinafter: * p<0.001, ** p<0.01 — statistically significant difference compared to baseline

The same trend was observed in the joints with limitation of function. That parameter too
significantly dropped after four weeks of treatment (Fig. 3). By the end of one year’s observation
the median number of joints with limitation of function decreased 9 times (p <0.001).

Along with the decrease in the number of joints with active arthritis, as well as joints with
limitation of function, a significant improvement in functional ability of the affected joints was
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noted (Fig. 4). After four weeks of Tocilizumab treatment the index of functional disability by
CHAQ questionnaire decreased significantly from 2.0 (1.35, 2.7) to 1,3 (0.9; 1.3), p <0.001).
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Figure 3. Dynamics in number of joints with limitation of function in children with systemic
JIA treated with Tocilizumab.
Hereinafter: * p<0.001, ** p<0.01 — statistically significant difference compared to baseline
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Figure 4. Dynamics in index of functional disability in children with systemic
JIA treated with Tocilizumab.
Hereinafter: * p<0.001 — statistically significant difference compared to baseline
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Tocilizumab therapy also influenced the laboratory parameters of the disease activity, showing
significant increase in hemoglobin level (Fig. 5), decrease platelet counts, ESR, serum CRP level
and normalization of these parameters by the first month of treatment (Fig. 6, 7, 8).
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Figure 5. Dynamics in hemoglobin level in children with systemic JIA treated with Tocilizumab.
Hereinafter: * p<0.001 — statistically significant difference compared to baseline
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Figure 6. Dynamics in the platelets count in children with systemic JIA treated with Tocilizumab.
Hereinafter: * p<0.001 — statistically significant difference compared to baseline
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Figure 7. Dynamics in the ESR in children with systemic JIA treated with Tocilizumab.
Hereinafter: * p<0.001 — statistically significant difference compared to baseline
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Figure 8. Dynamics in the serum CRP level in children with systemic JIA treated with Tocilizumab.
Hereinafter: * p<0.001 — statistically significant difference compared to baseline

Assessment of efficacy of Tocilizumab therapy according ACRpedi criteria by one month of
Tocilizumab therapy showed 30% improvement in 82% of the patients, 50% improvement in
47% of cases and 70% improvement in 29% of patients. After six months of treatment, all the
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children maintained improvement criteria ACR30 while 65% recorded a rate of ACR70.
After a year of therapy, 50% and 70% improvement, respectively, was observed in 100% and
75% of patients (Fig. 9). In general, the efficacy of Tocilizumab after more than six months of
treatment was characterized by the achievement of inactive disease status in 43% (17 of 40)
patients after one year in 45% (11 of 24) patients and remission in 43 % (10 of 24).
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Figure 9. Response according to ACR pedi criteria in children with systemic JIA treated with
Tocilizumab.

Safety assessment of Tocilizumab treatment was performed by registered adverse events
(AE), laboratory parameters, based on the results of the physical examination (BP, HR), and
EKG. AE were evaluated in all the patients enrolled in the study, who received at least one
infusion. Tocilizumab treatment was well tolerated and most AE were mild or moderate,
reversible, not limiting the course of the treatment. Infusion reactions were noted.
Registered AE were differentiated into two groups, namely infectious disorders and
laboratory parameters (Table 3).

Adverse events | Patients n (%)
Laboratory parameters:

Neutropenia 25 (41%)
Thrombocytopenia 1 (2%)
Increase in alkaline phosphatase 1 (2%)
Infectious disorders:

Cellulitis 3 (5%)
Herpes infection 4 (8%)

Acute focal pneumonia 2 (3%)

Table 3. Adverse events in patients on Tocilizumab therapy
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Among the infectious AE reported, cellulitis was seen in 3 patients, exacerbation of herpes
infection in 4 cases and acute focal pneumonia in 2 patients. Antibiotic therapy provided
complete relief of cellulitis and pneumonia without complications. Aggravation of herpetic
infection (4 cases) was not considered serious AE. Among the AE with the laboratory
parameters, neutropenia was most frequently observed in the first few days after
administration of the Tocilizumab, in 41% (25) of the patients. In 15 patients, the absolute
neutrophil count decreased <1.000 in 1 uL, whereas in 2 patients it was 500 per 1uL. On
identifying neutropenia, daily monitoring was conducted until neutrophil recovery
occurred within weeks after the infusion. By reducing the number of neutrophils <1.0 x109
/L patients received the colony-stimulating factor (G-CSF) filgrastim, at a dose of 5 mg / kg,
with a positive effect. All cases of neutropenia were associated with Tocilizumab infusion.
None of them were accompanied by infection and it was not a cause of treatment
discontinuation.

Mild thrombocytopenia was observed in one patient after 11 months of therapy. Two
weeks after the regular drug administration, the platelet count decreased to 156 x109 /L.
Concomitant therapy included glucocorticoids, cyclosporine, methotrexate, and NSAIDs.
Thrombocytopenia was not considered serious AE, and unlikely to be the result of
Tocilizumab therapy. Platelet count returned to normal within a week, without reducing
the dose or interrupting the treatment. One patient reported a one-time increase in
alkaline phosphatase activity to 6200 IU / L after the first injection of Tocilizumab while
concomitant therapy included methotrexate and methylprednisolone. This rate returned
to normal after eight days without changing the Tocilizumab treatment regimen. The AE
were considered to be of no significance, and unlikely to be the result of Tocilizumab
therapy.

While observing clinically significant changes in the vital functions namely, BP and HR, the
EKG parameters were also observed. Treatment was discontinued in 9 patients (table 4).

Index Patients n
Remission of disease 1
Inefficacy 1
Relapse of disease 6
Parents’ refusal 1

Table 4. Causes of discontinuation of Tocilizumab treatment.

Normally, the safety profile of Tocilizumab in children is quite similar to the safety profile
described earlier in adults with rheumatoid arthritis. It was within the expected range for a
population of patients receiving immunosuppressive drugs. AE were manifested as mild to
moderately severe infections, as well as changes in the laboratory parameters. Deaths did
not occur during the period of Tocilizumab treatment. No case of discontinuation of therapy
was registered due to AE development.
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3. Clinical case
Patient's data: female. Age: 9 years old (born in 2002)

Diagnosis: Systemic JIA

3.1. Medical history

The girl has been sick since 2007 when she was 5 years old. Febrile fever, lymphadenopathy,
inflammatory changes in the knees and ankles, high laboratory parameters of activity (ESR —
52 mm/h) were observed during the onset. The following diagnosis was set at the local in-
patient facility: systemic-onset juvenile arthritis. Treatment with antibiotics, NSAIDs, oral
methylprednisolone at a dose of 16 mg/day (1 mg/kg of body weight) was conducted. Fever
subsided and inflammatory changes in joints resolved with treatment. Gradual reduction of
methylprednisolone dose was initiated. In 6 months the dose was 4 mg per day. However,
disease exacerbated again after the insolation, which manifested in febrile fever, high
laboratory parameters of disease activity (ESR — 45 mm/h), swelling and pain in the elbows,
metacarpophalangeal, interphalangeal joints of hands, knees and ankles.
Methylprednisolone pulse therapy at a dose of 500 mg per administration was conducted 3
times at the local in-patient facility; methotrexate at a dose of 10 mg/m? of standard body
surface area per week and NSAIDs were prescribed. Condition improved, the dose of
methyprednisolone was decreased to 2 mg per day. In 6 months condition worsened again:
febrile fever, exudative changes in the wrists, knees and ankles appeared. Due to persisting
disease activity in 1.5 years from the disease onset, the girl was referred to the rheumatology
department of Scientific Center for Children Health, RAMS. On admission to the
department the child’s condition was assessed as severe. The girl experienced daily febrile
fevers; the joint syndrome was polyarticular, affecting wrists, knees, ankles; motions were
limited and painful. The child was bothered by morning stiffness for up to 60 minutes. On
admission to the department pale skin, “shadows” under the eyes, generalized
lymphadenopathy also came under notice. Leukocytosis, thrombocytosis, ESR elevation,
hypochromic anemia, increased serum CRP concentration (Table 5) were observed in
hematology during examination. Periarticular osteoporosis and single erosions of articular
surfaces were revealed according to X-ray examination of the knees. Diagnosis systemic JIA
was undoubtful.

Methotrexate dose was increased up to 25 mg/m? of standard body surface area per week
intramuscularly. 2 injections were conducted with positive effect: fever subsided, intensity
of pain syndrome and exudative changes in joints reduced. The child was discharged with
recommendations to continue methotrexate treatment at the place of residence. For 6
months the girl’s condition remained stable.

In 6 months of methotrexate treatment at a dose of 25 mg/m? of standard body surface
area per week, the girl started experiencing febrile fever again, duration of morning
stiffness increased up to 120 minutes, exudative changes in the wrists, elbows and ankles
increased (Figure 10a-d). The child fell behind in physical development, height and
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weight scores were below the 10" percentile (Table 5). According to hematology and
immunologic blood test, activity of rheumatoid process persisted (Table 5). Based on the
signs of aggressive disease course (polyarthritis, high immunologic activity,
ineffectiveness of methotrexate therapy at a high dose, hormonal dependency, falling
behind in physical development), the patient was prescribed treatment with genetically
engineered biologic agent — Tocilizumab.

a. Functional capabilities of the wrist b. Functional capabilities of the wrist
joints prior to Tocilizumab therapy. joints prior to Tocilizumab therapy

c. Functional capabilities of the elbow d. The swelling ankle joints prior to Tocilizumab
joints prior to Tocilizumab therapy therapy.

Figure 10.

3.2. Treatment with Tocilizumab

The drug was administered intravenously at a dose of 8 mg/kg of body weight once in 4
weeks. Drug prescription was approved by the Academic Board, Local Ethics Committee
and Formulary Committees of Scientific Center for Children Health, RAMS. Child’s parents
have signed an informed consent for drug use.
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3.3. Results of treatment

Analysis of development rate of Tocilizumab therapeutic effect has revealed that right after
the first administration the fever subsided, the girl became more active, after 2 week of
treatment the morning stiffness resolved (Table 5); exudative changes in the affected joints
had completely resolved by the 8" week, the range of motions restored (Figure 11 a-e);
laboratory parameters of disease activity normalized in 4 weeks (Table 5). Tocilizumab
treatment also positively affected patient’s quality of life, improved physical activity and
emotional condition (Figure 11 a-e). Inactive disease status was observed in the patient in 2
months of treatment, and in 8 months the patient entered systemic JIA remission, which has
been maintained for 2 years of Tocilizumab treatment.

a. Functional capabilities of the b. Functional capabilities of the
wrist joints with Tocilizumab wrist joints with Tocilizumab
therapv at week 104. therapv at week 104

£

i

e. The absence of swelling in the ankle joints with Tocilizumab therapy at week

Figure 11.
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The girl continues receiving intravenous Tocilizumab infusions at a dose of 8 mg/kg of body
weight once in 4 weeks in combination with methotrexate (due to height and weight
increase, a dose is 18 mg/m? of body surface area per week) and methylprednisolone at a
dose of 2 mg/day. Child’s physical development parameters significantly improved with
Tocilizumab therapy: in 2 years the girl has grown byl cm and weight gain was 6 kg, height
and weight were in the 10t — 25% percentile range.

3.4. Adverse events

No serious adverse events were observed during the follow-up.

Prior to the Duration of Tocilizumab therapy
increase of
Parameters
methotrexate| Background | Day 1 4 weeks 26 weeks | 52 weeks | 104 weeks
dose
Temperature, °C 38.5 39.0 36.7 36.6 36.6 36.6 36.6
Duration of
morning 60 120 no no no no no
stiffness, minutes
The .nun.l‘tfer of 6 6 6 5 0 0 0
active joints
CHAQ index of
functional 1.7 1.9 1.7 0.5 0 0 0
disability, score
ESR (mm/h) 25 70 45 2 7 2 4
Hemoglobin 88 110 110 118 120 125 128
(&/L)
Erythrocytes
(x1012/L) 3.8 4.7 4.8 5.2 5.25 54 5.5
Platelets (x10°/L) 840 654 622 328 335 270 290
Leukocytes
(x10%/L) 17 22.7 17.8 7.96 6.7 874 7.8
CRP (mg%),
normal level up 3.85 26 16 <0.8 <0.8 <0.8 <0.8
to 0.8
IgG (g/L), normal
range 12.1 17.8 9.0 7.35 6.66 8.67 7.5
(5.72-14.74)
Height, cm 112 114 114 115 116 119 125
Weight, kg 16.5 17.5 17.5 18.0 19 20 23.5
Percentage of
1mpr0v.ement 90% Disease Disease
according to - - - 50% Inactive remission | remission
ACRpediatric disease
criteria

Table 5. Clinical and laboratory parameters of systemic JIA activity with Tocilizumab treatment in
patient, 9 years old girl, over time.
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4. Efficacy and safety of monoclonal human antibodies to TNF« in
children with juvenile idiopathic arthritis and uveitis

4.1. Introduction

Juvenile idiopathic arthritis is a severe disabling disease associated with development of
destructive arthritis and uveitis — in some patients.

Treatment with methotrexate (15 mg/m? of standard body surface area) provided disease
control in many patients with juvenile idiopathic arthritis [26]. However, standard anti-
rheumatic treatment is unlikely to provide stable remission in some patients [27-30]. Due to
insufficient efficacy of methotrexate, the progression of the disease continues. Treatment of
uveitis is the most complicated, because its activity is usually independent on the activity of
arthritis.

Biologic drugs produced by the methods of gene engineering provide a good perspective for
patients with methotrexate inefficacy. Adalimumab is one of these drugs.

Adalimumab is the recombinant IgGl human monoclonal antibodies consisting of 1330
amino acids. The drug is manufactured by recombinant DNA technology. It binds to p55
and p75 receptors of soluble and membrane — associated TNFa. Adalimumab can activate
the complement system that results in lysis of cells with superficially located TNFa. The
drug has no ability to bind to or inhibit the lymphotoxin (TNE); it alters the levels of
adhesion molecules that contribute to leukocytes migration (ELAM-1, VSAM-1, and ICAM-
1). Adalimumab is administered subcutaneously once per 2 weeks; the elimination half-life
of the drug is 2 weeks [31-34].

The results of controlled clinical trials and open studies demonstrated that subcutaneous
administration every two weeks of the drug is safe and effective in adult patients with
rheumatoid and psoriatic arthritis [34-48], as well as in children with juvenile idiopathic
arthritis and uveitis [49-59].

The purpose of this study was to evaluate safety and efficacy of Adalimumab treatment in
children with severe refractory juvenile idiopathic arthritis and uveitis.

4.2. Patients and methods

Enrolled: 104 patients (74 girls and 30 boys) age 10 (3; 17) years (Median (25; 75)) with
oligoarticular, polyarticular, enthesitic, sistemic arthritis without active systemic
manifestation no less within 1 year enthesitic types of juvenile idiopathic arthritis; in 48
patients arthritis was associated with uveitis (Table 6). Mean disease duration prior to
Adalimumab administration — was 6 (2; 16) years. The diagnosis of JIA based on ILAR
(International League of Associations for Rheumatology) criteria [60].

At baseline, all patients had active arthritis (Table 7). Mean number of joints with active
arthritis - 5 (2; 8), mean number of joints with limitation of function — 5 (1; 7.5). High level of
clinical activity of the disease was associated with general inflammation reaction. Median
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ESR level was 3-fold higher compared to normal; C-reactive protein serum level was 9-fold
higher compared to normal (Table 7).

Parameter Number of patients (n=104)
Boys/girls 74/30

Age, years 10 (3;17)

Age group 3-13 years 80(73%)

Age group 14-18 years 30(27%)

Duration of the disease, years 5.8 (2;16)

Table 6. Demographic characteristics of patients with JIA and uveitis, included in the study

Parameter - CHAQ and number of patients — 2.0(1.3; 2.75) Number of patients
Juvenile idiopathic arthritis 104
Oligoarticular 41 (39%)
Polyarticular (RE-) 40 (38.5%)
Polyarticular (RF+) 7 (6.7%)
Enthesitic 11 (11%)
Systemic, without active systemic manifestations 5 (4.8%)

Number of joints with active joints

5(2;8

Median (25%;75%) (28)
Number of joints with limitation of function

5(1,7.5)
Me (25%;75%)
Duration of the anti-theumatic treatment, years 2,7 (1.1,2.9)
Number of children with uveitis 48(46%)
Bilateral uveitis 32(67%)
Unilateral uveitis 16(33%)
Number of affected eyes 80
ESR mm/hour 30 (23; 55)
C-reactive protein, mg/1 9.5 (5; 23)

Table 7. Clinical characteristics of patients with JIA included in the study.

Uveitis was reported in 48 (44%) of patients, bilateral — in 32 (67%); unilateral uveitis — in 16
(33%) patients (Table 8).

Previous therapy. Prior to Adalimumab treatment all patients received various regimens of anti-
rheumatic treatment. Due to active arthritis and uveitis development at the onset of the
disease, 66 (58%) of patients had a history of prednisolone treatment (10-20 mg/day); all
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patients received pulse-therapy with methylprednisolone (10-20 mg/kg per administration); 86
(83%) — intra-articular (1-10 times per year), 46 (44%) — cyclosporine, 49 patients were treated
with TNFa blockers: 47 (45%) with Infliximab, 2 (1.9%) with Etanercept; 5 (4.8%) children
received antiB-cells therapy with Rituximab, 1 (1%) patient inhibitor of T-cells co-stimulation
Abatacept. All patients were treated with non-steroid anti-inflammation drugs (NSAIDs); 48
(46%) patients with uveitis received local treatment with eye drops containing NSAIDs and
glucocorticosteroids, 32(31%) - para-bulbar glucocorticoid injection (1-5 times per year)

Despite treatment, all patients experienced disease progression. At the time of enrollment
they had active arthritis, elevated laboratory parameters and progressing disability.
Continuous recurrent uveitis was diagnosed in 48 children.

Inclusion criteria: Ineffective treatment with methotrexate (15-25 mg/m? of standard body
surface area, once per week, intramuscular injections; within 3 month and more) and with
other immunosuppressive drugs (leflunomide, sulfasalazine, cyclosporine), progression of
arthritis, vision acuity decrease, continuous recurrence of uveitis, high laboratory
parameters (ESR, CRP level), and increasing functional disability.

Normal serum levels of urea, creatinine, bilirubin, ALT, AST; no significant acute or chronic
infections. Patients with infections were treated with antibiotics. Prior to Adalimumab
treatment all patients were examined for presence of tuberculosis — including tuberculin test
(PPD test) and the chest CT. Treatment with TNFa antagonists has been recognized as a risk
for active tuberculosis; some cases of latent tuberculosis could reactivate soon after treatment
initiation. For this reason, worldwide health authorities recommend screening patients for
latent tuberculosis and treating them before initiating anti-TNFa treatment [61]. Patients with
positive or controversial PPD test (hyperemia, papule size 25 mm) were consulted by the
phthisiatrician; and the test with tuberculin dilution was conducted (0.1, 0.1, 0.01 TU). If the
tuberculosis infection was excluded, the patients received Adalimumab treatment.

The control of hemogram and serum levels of urea, creatinine, bilirubin, ALT, AST, as well
as urinalysis were conducted each 2 weeks.

The following parameters were evaluated during the study: number of Active joints,
number of joints with limited function, ESR and serum level of C-reactive protein; the
activity of uveitis was evaluated according to criteria developed by M.]. Hogan [36].
Physician's Global Assessment of disease activity (using the 100 mm VAS scale), Parent's
global evaluation of well being (using the VAS scale); evaluation of functional abilities
using the CHAQ questionnaire. The effect of Adalimumab treatment was evaluated after
4,12, 24, 36 and 52 weeks of treatment. The efficacy was evaluated according to American
College of Rheumatology pediatric criteria (ACRpedi) [62].

The main target of therapy was status of inactive disease and remission [63].

Evaluation of Adalimumab treatment safety was based on the registration of adverse
events and regular control of serum levels of urea, creatinine, bilirubin, ALT, AST and
hemogram.
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All cases of Adalimumab treatment were approved by Local Ethics Committee of the
Scientific Center of children's of RAMS. Prior to treatment, children older than 14 years and
children’s parents were providing the written informed consent.

Background therapy. Adalimumab was administered subcutaneously once per 2 weeks;
dose — 40 mg per administration; in combination with background immunosuppressive
therapy (Table 8). The dose of immunosuppressive drugs remained stable for at least 3
months.

B Dose Number of patients
Me (25;75) n=104
Methotrexate mg/m?2/week 20 (15; 25) 64
Ii}g/ﬁ;};(\)i:ﬁ, mg/kg/day + Methotrexate 44 ) 38
Prednisolone, mg/day 10 (5; 12) 54
NSAIDs - 104
Para-bulbar glucocorticoid injections - 32 - 48
Local treatment of uveitis with drops - 48

Table 8. Background therapy in patients with JIA and uveitis included in the study.

The analysis of treatment efficacy was conducted after 4, 12, 24, 36, 52 weeks of treatment —
in 104 of patients, accordingly.

Statistical processing of data was conducted using the STATISTICA 6.0 (StatSoft Inc., USA)
program. The quantification parameters were presented as medians (25; 75 percentiles); in
some cases data were presented as means + SD. Wilcoxon’s criterion was used for paired
comparison. Statistically significant difference was considered to be p<0,05.

4.3. Results

By week 12 of treatment the statistically significant decrease in number of active joints was
reported (5 (2; 8); 3 (0; 4) prior to treatment and after 12 weeks of treatment, respectively; p< 0.05),
by week 52 there were no joints active (Figure 12).

Similar changes were reported for joints with limitation of function — statistically significant
decrease in their number was observed by week 12 (5 (1; 7.5); 3 (1; 5) prior to treatment and
after 12 weeks of treatment, respectively; p< 0.05), by week 52 the 9-fold decrease of the
median parameter was reported (p<0.05) (Figure 13).
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Figure 12. Dynamics in number of active joints in children with JIA treated with Adalimumab (n=104)
Hereinafter:
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Figure 13. Dynamics in number of joints with limitation of function in children with JIA treated with
Adalimumab (n=104)
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The improvement of functional activity of joints after 4 weeks of Adalimumab treatment
was associated with improvement of quality of life; that improvement was confirmed by the
decrease in index of functional disability evaluated by CHAQ questionnaire - from 2.0 (1.3;
2.75) to 1.0 (0.6; 1.4), p<0,001.

Treatment with Adalimumab affected the laboratory parameters of disease activity.

After 4 weeks of treatment the trend to decrease in ESR was reported. By week 12 the
median significantly decreased; by week 52 the median was normal in the most of patients
(Figure 14).
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Figure 14. Dynamics in ESR in children with JIA treated with Adalimumab (n=104)

Significant decrease in the serum C-reactive protein level in all patients was observed after 8
weeks of treatment; the median parameter normalized after 12 weeks of treatment (Figure
15).

Assessment of Adalimumab efficacy according ACRpedi demonstrated that after 4 weeks of
treatment the 30% improvement was achieved in 100% of patients, 50% improvement — in
80% (83), 70% improvement — in 55%(57) of patients. After 24 weeks 30% improvement was
reported in 100% (104) of patients, 50% improvement — in 91% (95), 70% - in 74% (77) of
patients; inactive disease was diagnosed in 55 % (58) of children. Within a year, JIA
remission was diagnosed in 55% (58) of patients (Figure 16).

Prior to administration of Adalimumab, injection of conjunctiva, edema of iris, corneal
precipitations, areas of inflammation in lens and optical nerve disk edema were found in all
children with uveitis (Table 9).
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Figure 15. Dynamics in the serum CRP level in children with JIA treated with Adalimumab (n=104)
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Figure 16. Response according to ACR pedi criteria in children with JIA treated with Adalimumab
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Number of the affected eyes
Parameter
(n=80)

Injections of conjunctiva 85% (68/80)
Edema of iris 46% (37/80)
Corneal precipitations 40% (32/80)
Areas of inflammation in lens 21% (17/80)
Optical nerve disk edema 30% (24/80)

Table 9. Clinical manifestations of uveitis in patients with JIA included into the study

After 8 weeks of treatment complete management of conjunctiva injection, iris edema and
optical nerve disk edema were reported in 55% (44/80) of the affected eyes - corneal
precipitations disappeared in 45% (36/80); inflammation-associated changes of lens —in 18%
(14/80) of eyes. Treatment-associated improvement of vision was found in 63 of 80 of the
affected eyes; no changes of vision acuity were reported in 33 (41%) of the affected eyes.
Dexamethazone eye drops were discontinued in 45% (22/48) of patients, NSAIDs eye drops
— in 49% (24/48) of children; the dose of dexamethazone eye drops was reduced in 86%
(41/48) of patients. The exacerbation of uveitis was persisting in 10% (8/80) of the affected
eyes, subacute uveitis — in 25% (20/80); remission was found in 65% (52/80) of the affected
eyes. After 24 weeks of treatment the cases of uveitis were not reported; subacute disease
was observed in 22% (18/80) of eyes; remission was diagnosed in 78% (62/80) of the affected
eyes. After 52 weeks of treatment remission was diagnosed in 83% of the affected eyes (66/80)
(Figure 17).
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Figure 17. Efficacy of Adalimumab treatment in rheumatoid uveitis
(n=48, number of affected eyes = 80)
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4.4. Adverse events related to immunosuppressive therapy

Safety evaluation was based on reported adverse events, laboratory parameters, and
physical examination (evaluation of vital functions — BP, HR), and the ECG.

Adverse events were evaluated in all enrolled patients that received at least one injection of
the study drug.

In general Adalimumab treatment was well-tolerated; most AE’s were mild, reversible and
would not result in treatment limitations. Injection reactions (occurring during the drug
administration or during 24 hours after) included pain at the injection site —in 72.1 % (75) of
patients; hyperemia at the injection site was reported in 48 % (50) of patients.

No cases of AE’s associated with laboratory values alterations were reported.

No changes of vital functions (diastolic and systolic blood pressure, heart rate) or ECG
changes were reported during the treatment course. Cases of Adalimumab discontinuation
due to poor therapeutic response were not reported.

Therefore, safety profile of Adalimumab in study patients was satisfactory. Adverse events
included local skin reactions at the injection sites. Adalimumab treatment was not
associated with any fatal outcomes or cases of drug withdrawal due to adverse events.

One case of treatment discontinuation due to adverse events was reported in patient with
suspected regional pulmonary tuberculosis. The patient was admitted to specialized
hospital for further examination and development of treatment strategy. However, the
diagnosis was not confirmed; the changes in lungs CT were considered to be the post-
infection changes. Treatment with Adalimumab was restarted.

5. Clinical case
Patient's data: female. Age: 15 years old

Diagnosis: polyarticular JIA associated uveitis

5.1. Case history

Acute respiratory infections 3-4 times per year, rubella. Parents — practically healthy. Family
history: no rheumatoid diseases reported.

Disease onset — February 1997 (age 1.5 years); swelling of the left ankle joint, walk
disorders, pain associated with movements in left knee and ankle joints. The local surgeon
excluded the diagnosis of acute surgical disease. Local treatment of the affected joints
(ointments containing NSAIDs) was prescribed. April 1997, consultation of
rheumatologist: diagnosis — juvenile rheumatoid arthritis, oligoarticular type; diclofenac-
based treatment was prescribed. Treatment did not result in any decrease in swelling and
pain.

379



380

Autoimmune Diseases —
Contributing Factors, Specific Cases of Autoimmune Diseases, and Stem Cell and Other Therapies

Since May 1997, the patient was followed at the Rheumatology Department of one of clinics
in Moscow. Disease severity was considered to be moderate. Swelling of knee and ankle
joints with pain and limited mobility was reported. Blood analysis: leukocytosis (17 x 10°/1),
ESR increase (up to 62 mm/hour). Blood immunology analysis: positive C-reactive protein
test and positive anti-nuclear factor test. Treatment: diclofenac sodium, intra-articular
administration of glucocorticoids. Since January 1998 the patient was treated with
methotrexate (dose 7.5 mg/m? of body surface/week). Methotrexate treatment was
associated with mild improvements; the exacerbations of arthritis became less frequent. The
intra-articular administration of glucocorticoids was conducted once per 1-2 months.

2001, spring: rheumatoid uveitis was diagnosed. Local treatment (dexamethasone eye drops,
diclofenac eye drops) resulted in management of its manifestations.

Since October 2001, limited mobility of cervical part of the spine was reported; swelling of knee
and ankle joints became more severe. The patient started complaining on severe morning
stiffness. Only intra-articular administration of glucocorticoids resulted in certain
improvements. Methotrexate dose was increased up to 10 mg/m? of body surface per week. July
2004: exposure to sunlight resulted in exacerbation of uveitis; combined immunosuppressive
treatment (methotrexate plus cyclosporine, 3 mg/kg/day) was initiated. Combined treatment
resulted in management of clinical manifestations of uveitis. Urine analysis: permanent
macrohematuria was detected; therefore the immunosuppressive drugs were discontinued.
Throughout a year the girl was receiving NSAIDs, with monthly intra-articular administrations
of glucocorticosteroids. The treatment was ineffective. By November 2005, the number of joints
affected by active arthritis increased; the polyarticular syndrome developed — elbow and radio-
metacarpal joints, as well as knee and ankle joints and small joints of palms were involved. The
disability was progressing. Oral prednisolone (5 mg/day) with leflunomide (10 mg/day, with
gradual dose increase up to 20 mg/day) were prescribed. Despite the intra-articular
administration of glucocorticoids into knee and ankle joints, complete management of the
arthritis was not achieved. February 2007: prednisolone was discontinued.

Ineffective treatment with leflunomide, NSAIDs and monthly intra-articular injections of
glucocorticoids were the basis for the prescription (January 2008) of anti-cytokine treatment
with chimeric monoclonal antibodies to tumor necrosis factor (TNF) a (Infliximab, dose — 4.5
mg/kg). The first three infusions of Infliximab resulted in improvement; swelling of joints
decreased, the duration of morning stiffness was shorter; the laboratory parameters
reflecting the disease activity were decreasing. March 2008: metabolic nephropathy was
diagnosed. Development of renal calculi was considered the side effect of leflunomide
treatment; therefore, the drug was discontinued. March 2008: methotrexate (7.5 mg/m? of
body surface area per week) was restarted. However, after the 4-th administration of
Infliximab (same dose) resulted in exacerbation of swelling in the affected joints. The dose of
Infliximab was increased up to 6.6 mg/kg. This dose of Infliximab was administered 5 times
(total number of infliximab infusions — 9). Despite the dose increase, the therapy was not
effective; the activity of arthritis was not changed. Therefore, intra-articular betamethasone
injections (once per 1-1.5 months) were continued.
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In order to develop the treatment strategy, the patient was admitted to the Rheumatology
Department of the Scientific Center of Children’s Health of RAMS (March 2009). It was 11
years after the onset of the disease. Disease was considered to be severe. Polyarthritis with
affection of cervical spine, right shoulder joint, right elbow joint, femoral joints, knee joints,
ankle joints, small joints of palms was diagnosed. The patient was unable to perform the full
flexion of fingers; the movements in affected joints were limited and associated with pain.
The patient complained on morning stiffness lasting up to 120 minutes. Paleness, blackness
under the eyes, manifestations of hyper-corticism, associated with continuous intra-articular
administration of exogenous glucocorticoids were found. The girl was in emotional
depression. Blood analysis: elevated ESR (up to 57 mm/hour); serum level of C-reactive
protein (up to 7.6%; normal level — up to 0.8 mg%, see Table). Computer tomography of
knee joints: peri-articular osteoporosis, single erosions of bone tissue. Ophthalmologist’s
consultation: slowly progressing binocular rheumatoid uveitis was diagnosed.

The effect of intra-articular administration of glucocorticoids, associated with complications,
and uncontrolled hormone dependency resulted in the decision to discontinue the hormone-
based therapy. Analysis of health status demonstrated secondary inefficacy of the treatment
with chimeric monoclonal antibodies to TNFa in combination with methotrexate. Infliximab
was discontinued due to development of resistance. Despite the severe swelling of joints,
glucocorticoids were not administered due to hormone dependency and growth retardation
(height of the 13-years old adolescent girl was 146 cm — as of the 11-years old child).

According to the protocol of severe juvenile arthritis treatment, developed by the Scientific
Center of Children’s Health of RAMS, the girl was treated with pulse-therapy with
methotrexate (50 mg/m? of body surface area) in combination with cyclosporine (4.4
mg/kg/day) .

The patient received 7 doses of methotrexate intravenously. The treatment resulted in
certain improvement: the morning stiffness duration became shorter, and the girl became
more active. However, the swelling of knee and ankle joints (Figure 18), limited mobility of
the right shoulder joint (Figure 19), right elbow joint (Figure 20), knee joints (Figure 21),
femoral joints (Figure 22) and ankle joints remained. Control blood analysis: the laboratory
values reflecting the disease activity remained high (Table 10). Repeated ophthalmologic
examination: manifestations of slowly progressing uveitis were found. The girl poorly
tolerated methotrexate — severe headache and nausea were reported during 3 days after the
drug administration. Within 1 month after the last intra-articular administration of
betamethasone the withdrawal syndrome developed. It was manifested by myalgia,
arthralgia, nausea, vomiting, and depression. Despite the development of the withdrawal
syndrome, glucocorticoids were not restarted; active anti-rheumatic treatment was
continued. The withdrawal syndrome resolved within 3 weeks.

The inefficacy of combined treatment with methotrexate (50 mg/m? of body surface area per
week) and cyclosporine (4.4 mg/kg/day) as well as the good initial response to chimeric
monoclonal antibodies to TNFa were the basis to prescribe the human antibodies to TNFo —
Adalimumab.
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5.2. Treatment with Adalimumab

Taking into considerations the facts mentioned above, it was decided to prescribe
Adalimumab (dose — 40 mg once per 2 weeks) to patient A. The prescription was
approved by the Scientific Council and the Ethics and Formulary Committees of Scientific
Center for Children Health, RAMS. The parents signed the informed consent form,
permitting the administration of drug. In order to exclude the diagnosis of tuberculosis
prior to administration of Adalimumab, chest CT and dia-skin test (intra-cutaneous
diagnostic test based on intra-cutaneous administration of 2 recombinant proteins of
Mycobacterium tuberculosis) were conducted. No regional or infiltration changes were
found during CT.

5.3. Results of treatment

After the exclusion of tuberculosis, Adalimumab treatment was initiated. The girl’s activity
improved after the first administration of the drug. Morning stiffness resolved within 2
weeks of treatment (Table 10). By the 4-th treatment week, swelling of the affected joints was
completely managed; the volume of mobility has improved significantly. Within 6 weeks of
Adalimumab treatment, laboratory values reflecting the disease activity returned to normal
(Table 10). Control ophthalmological examination: remission of the slowly progressing
uveitis was found. The girl continues receiving cyclosporine (total daily dose 4 mg/kg) and
methotrexate (25 mg/m?/'week). At present, the girl has already received 10 doses of
Adalimumab (40 mg); treatment was not associated with any adverse events. Treatment is
associated with remission of the disease, as evaluated by clinical and laboratory values
(Figure 18-22)

Therefore, this clinical report demonstrates a case of long-term juvenile idiopathic
arthritis with continuous recurrence, characterized by rapid development of disability,
high index of functional failure, poor quality of life, resistant to anti-rheumatic therapy,
and secondary inefficacy of the chimeric monoclonal antibodies to TNFa. The
Adalimumab treatment managed to overcome the resistance to chimeric antibodies and
induced remission of arthritis, restoration of function of the affected joints, normalization
of the laboratory values reflecting the activity of the disease. Positive effect of
Adalimumab enabled the patient to overcome the severe corticosteroid dependency; the
ability to decline the proposed oral prednisolone treatment strategy was achieved.
Treatment results demonstrate that Adalimumab is highly effective in children with long-
term polyarthritis and uveitis, resistant to various dosage regimens of methotrexate and
in combination with cyclosporine, as well as with secondary resistance to chimeric
antibodies to TNFa.

5.4. Adverse events

No serious adverse events were observed during the follow-up.
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Figure 18. Patient A prior (A) and after (B) Adalimumab treatment



Autoimmune Diseases —
384 Contributing Factors, Specific Cases of Autoimmune Diseases, and Stem Cell and Other Therapies

Figure 19. Functional ability of shoulder joints prior (A) and during (B) the Adalimumab treatment
course

Figure 20. Functional ability of elbow joints prior (A) and during (B) Adalimumab treatment course
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Figure 21. Functional ability of knee joints prior (A) and during (B) Adalimumab treatment course

Figure 22. Functional ability of femoral joints prior (A) and during Adalimumab treatment course
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Prior to pulse- Duration of Adalimumab therapy
therapy with

P t thot t 12 18

arameters methotrexate Background | 4 weeks | 6 weeks

and weeks | weeks
cyclosporine

Duration of
morning 120 100 0 0 0 0
stiffness, min
N f

umberio 19 16 8 6 0 0
active joints
Number of
. . th
Joints wit 19 15 7 4 0 0
limitation of
motion
CHAQ index of
functional 1.6 1.7 1.1 0.6 0.5 0.5
disability, score
Red blood cells
«1022/1 3.98 3.67 4.01 4.33 4.70 4.67
Hemoglobin, g/l 114 102 112 129 140 130
Leukocytes

8. 7.4 6.4 5.6 6.4 4.8

(x10°/1)
Platelets (x10°/1) 308 426 378 313 359 287
ESR, (mm/h) 57 38 25 3 5 4
Creactive 7.6 7.25 2.4 0.17 0.1 0.12
protein, mg%
Height, cm 146 146 147 148 149 149

Table 10. Changes of clinical and laboratory parameters reflecting the activity of disease in association
with Adalimumab treatment in patient a

6. Conclusion

Thus, the results of 1-year retrospective, observational trials showed high efficacy of
Tocilizumab and Adalimumab in children with JIA.

Tocilizumab is effective in patients with the most severe form of juvenile idiopathic arthritis
refractory to treatment with glucocorticoids, methotrexate, cyclosporine, combined
immunosuppressive therapy and to TNF-a antagonists treatment. The drug induced
remission of extra-articular manifestations, arthritis and normalized laboratory parameters
of the disease activity without treatment with oral prednisolone, thus avoiding severe
irreversible complications of glucocorticoid therapy. Tocilizumab induced disease remission
in 43% of patients.
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Adalimumab is effective in patients with polyarthritis associated with uveitis. The drug
induced disease remission and improved functional activity and quality of life in 55% of

patients. Reduction in uveitis activity and remission were reported in 83% of affected eyes.
The high efficacy of Adalimumab allowed to avoid oral prednisolone and discontinue
topical glucocorticoid therapy in patients with uveitis.

Both agents were well tolerated by patients; no severe serious adverse events were reported
throughout the period of observation.
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