http://informahealthcare.com/mor

Japan College of Rheumatology ISSN 1439-7595 (print), 1439-7609 (online)

MODERN
RHEUMATOLOGY

Mod Rheumatol, 2015; 25(1): 38-42
© 2014 Japan College of Rheumatology
DOI: 10.3109/14397595.2014.915073

informa

healthcare

ORIGINAL ARTICLE

Remarkable efficacy of tocilizumab for treating rheumatoid arthritis

in patients with high platelet counts

Hiroaki Matsuno

Matsuno Clinic for Rheumatic Diseases, Kureha-cho, Toyama city, Toyama, Japan, and Institute of Medical Science, Tokyo Medical University, Tokyo, Japan

Abstract

Objectives. To optimize the efficacy of treatment with tocilizumab for rheumatoid arthritis (RA),
we comparatively analyzed the outcome of tocilizumab treatment in patients with normal back-
ground changes associated closely with IL-6.

Patients and Methods. The study involved 87 patients with RA satisfying the diagnostic criteria of
the American College of Rheumatology (ACR) and receiving continuous tocilizumab treatment for
24 weeks or longer. The outcome of tocilizumab treatment in these patients was comparatively
analyzed in relation to the baseline platelet count (the high platelet count group and the normal
group), pretreatment hemoglobin levels (the low group and the normal platelet count group),
and speed of bone destruction (the rapid progression group and slow progression group).
Results. Treatment with tocilizumab significantly improved the 28-joint disease activity score
using the erythrocyte sedimentation rate (DAS28-ESR) and Clinical Disease Activity Index (CDAI),
regardless of baseline platelet count, hemoglobin level, or annual speed of bone destruction
(ATSS). The margins of improvement in DAS28-ESR and CDAI did not differ depending on base-
line hemoglobin level or ATSS, but the improvement was significantly greater in the high platelet
count group than in the normal platelet count group.

Conclusions. These results suggest that in patients with high platelet count, IL-6 is a more impor-
tant factor involved in RA pathogenesis and that tocilizumab is suitable as a first-line biologic for
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the treatment of RA patients with high platelet count.

Introduction

Rheumatoid arthritis (RA) is a systemic inflammatory disease of
unknown etiology and is characterized by arthritis. Inflammatory
cytokines such as tumor necrosis factor (TNF), interleukin-6 (IL-6),
and interleukin-1 (IL-1) are involved closely with the onset of RA.
Blood cell components such as macrophages, T lymphocytes, and
B lymphocytes also serve as important regulatory factors [1].

After the 2000s, the use of biologics that directly suppress
these cytokines and inflammatory cells was expanded to achieve
higher clinical efficacy. The TNF inhibitors available for clinical
use include infliximab, etanercept, adalimumab, golimumab, and
certolizumab. In addition, tocilizumab (an IL-6 inhibitor), abata-
cept (a T lymphocyte antagonist), and rituximab (a B lymphocyte
inhibitor) are now used clinically.

According to the National Institute for Health and Care Excel-
lence (NICE) Guidance, abatacept and rituximab (non-TNF inhibi-
tory biopharmaceuticals) are unsuitable as the first-line biologics
(1st Bio), and it was recommended that these drugs be used as the
second-line biologics instead, specifically in cases with a failed
response to the 1st Bio [2].

According to the NICE Guidance, a TNF inhibitor or IL-6
inhibitor is to be used as the 1st Bio. The Guidance, however, does
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not provide specific criteria for selecting a TNF inhibitor or IL-6
inhibitor as the 1st Bio in different cases.

TNF is a cytokine located upstream of IL-6 [3]. Considering
the pathological mechanism of RA, it is unlikely that patients who
fail to respond to TNF inhibitors will respond to IL-6 inhibitors.
However, a clinical study has reported that non-responders to TNF
inhibitors show response to tocilizumab (an IL-6 inhibitor) [4],
suggesting that in some cases of RA, IL-6 rather than TNF is pri-
marily involved in the pathogenesis.

Both TNF and IL-6 have many common actions in patients
with RA, such as synovial cell proliferation, inflammatory cell
induction, persistence of inflammation, osteoclast activation, and
cartilage destruction [1].

However, some actions are confined to IL-6 and are absent in
TNF. One such action is the activity on bone marrow megakaryo-
cytes to increase peripheral blood platelets [5]. Furthermore, IL-6
acts on hepatocytes, inducing hepcidin and inflammatory anemia
[6]. It has also been estimated that TNF differs from IL-6 in terms
of involvement in bone destruction. A study using transgenic mice
revealed articular destruction akin to RA in TNF transgenic mice
[7]. In contrast, IL-6 transgenic mice were free of articular destruc-
tion and presented with hepatosplenomegaly alone, resembling
human Cattleman’s disease [8]. As described above, it seems likely
that TNF is closely involved with the articular destruction found in
RA patients and that IL-6 is closely involved with the increase in
platelet number and anemia. Therefore, distinction between these
phenotypes may enable identification of IL-6-dominant RA cases.
If IL-6 dominancy can be judged before treatment, tocilizumab
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can be selected as the 1st Bio for treatment, thus enabling estab-
lishment of a more effective treatment method. We retrospectively
analyzed the outcome of tocilizumab treatment in patients with
abnormal background associated with IL-6.

Patients and methods
Patients

The study involved 87 patients with RA satisfying the American
College of Rheumatology (ACR) 1987 or 2010 revised crite-
ria for the classification of RA [9,10] and receiving continued
tocilizumab treatment for 24 weeks or longer. There were 18 men
and 69 women. The average age was 61.3 * 124 years. All
patients received methotrexate (MTX) concomitantly. The mean
MTX dose level was 9.2 =2.9 mg/week. Mean duration of RA
was 9.8 = 10.8 years. The mean tocilizumab treatment period was
92.0 = 76.8 weeks.

Responses to treatment analyzed using baseline platelet count

Responses to tocilizumab treatment were analyzed in relation to
the baseline peripheral blood platelet count: the normal platelet
count group (less than 400 000 platelets/LLL) versus the high plate-
let count group (400 000 platelets/uL or more). Sixty-four patients
were allocated to the normal platelet count group, and 23 patients
were allocated to the high platelet count group (Table 1). Of the
baseline background variables, C-reactive protein (CRP) levels,
hemoglobin (Hb) levels, platelet count, matrix metalloprotei-
nase-3 (MMP-3) levels, DAS28-ESR, swollen joint count (SJC),
and erythrocyte sedimentation rate (ESR) differed significantly
between the two groups.

Responses to treatment analyzed using baseline hemoglobin
levels

Responses to tocilizumab treatment were analyzed in relation to
the baseline Hb levels (g/dL): the low Hb group (less than 13 g/
dL in men and less than 12 g/dL in women) versus the normal Hb
group. Forty patients were allocated to the normal Hb group and
47 patients to the low Hb group (Table 2). Of the baseline back-
ground variables, CRP levels, Hb levels, platelet count, MMP-3
levels, DAS28-ESR, and ESR differed significantly between the
two groups.

Responses to treatment analyzed using baseline radiographic
stages of bone destruction

In each patient, the baseline-modified sharp Heidji score [11]
was evaluated and divided by the duration of RA to obtain ATSS.
Responses to tocilizumab treatment were analyzed in relation to
ATSS: the group showing slow progression of bone destruction
(ATSS <50) vs the group showing rapid progression of bone
destruction (ATSS = 50). Sixty patients were allocated to the slow
progression group and 27 patients to the rapid progression group
(Table 3). Of the baseline background variables, ATSS and dura-
tion of RA differed significantly between the two groups.

Evaluation of disease activity

Disease activity was evaluated using two indicators: DAS28-ESR
[12] and Clinical Disease Activity Index (CDAI) [13].

Statistical analysis

Background variables were statistically analyzed using the unpaired
t-test. CDAI was analyzed using the paired #-test between pre- and
posttreatment measurements. ADAS28-ESR and ACDAI were
analyzed using unpaired #-test between groups defined by platelet

Table 1. Baseline characteristics of patients which are divided according to platelet count, hemoglobin level or ATSS.

Tocilizumab in patients with high platelet counts

Bone destruction

Hemoglobin level

Platelet count
<400 000

64

ATSS <50
60

=50

ATSS
27

Low

Normal
40

400 000

=

47

23

Number of patients

0.4394

59.00 +13.22
13.59*+11.1

61.11 £10.69
1.43+1.51
101.56 =44.13

0.6000
0.3469
0.6739

0.1363 59.90 + 10.56 61.30+ 13.95

0.4911

63.97*+11.85 59.00 + 13.58

Age (years)
Diease duration

0.0002*
<0.0001*

10.83+11.29

8.63 +10.27
44.73 +47.94

8.26 =10.31
51.78 £54.00

10.06 = 10.83

15.75 £10.79
2.37+3.45

12.06 = 1.80
324.25+102.21
201.45+181.07

40.38 +47.68

0.2929
<0.0001*

39.49 +4521

ATSS
CRP (mg/dL)

0.2873
0.9081
0.1852
0.2258
0.2258
0.2071
0.7570
0.2356
0.2710
0.4736

334445
12.01 £ 1.45
357.48 = 124.25
258.73 +238.64

0.0021*
<0.0001*

3.82+4.66
10.87+1.02

1.36+ 1.64
1343+ 1.19

6.36 =4.96
11.15+1.66
479.57 +=70.00

1.39+2.10

12.36 £ 1.59
281.79 = 64.87

0.0027*
<0.0001*

Hb (g/dL)
Plt (x 103/uL)

MMP-3 (ng/mL)

0.005*

364.19 £ 115.72

299.03 = 90.81

0.0138*
0.012*

160.86 = 138.38 266.82 +230.82

0.0124*

309.1 £234.29

187.52+178.43

4.85+1.33
5.25+544
8.81 £6.04
35.98 £22.57
44.65 *+32.53
8.95+2.93

5.24+1.36
7.04+7.28

5.30+ 1.37

4.58+1.21

5.48 +6.25

7.63+5.87
34.55+23.52
33.05+2291

0.0022*
0.1520

5.69+1.42

7.35+6.50
11.52 +5.89
43.83 £24.06

68.83 =37.11

4.71+1.23

5.20+5.92

7.65 +6.04
35.73 +23.85
39.97 +£27.31

DAS28-ESR

0.6440
0.1429
0.2122

6.08 +6.00
9.57+6.33
41.00+£24.13

TIC
SIC
VAS (mm)

8.37 +6.54
42.59 *+26.6
53.04 +32.95

9.43+2.82

0.0096™*
0.1682

0.0001*
0.9338

59.34+35.07

0.0002*
0.3200

ESR (mm/hr)
MTX dose (mg/week)

9.13+2.88

9.07+2.97

9.67 +2.87

8.95+3.04

Background variables were statistically analyzed using the unpaired #-test. Results of statistical analysis of each were represented by p-value.

*statistically significant (P <<0.05).
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Table 2. CDAI at baseline and after treatment of patients which are divided according to platelet count, hemoglobin

level or ATSS.

Platelet count Hemoglobin level Bone destruction

<400 000 =400 000 Normal Low ATSS =50 ATSS <50
Baseline 23.1 31.3 22.7 26.8 26.8 243
After treatment 15.0 15.4 14.0 15.4 13.3 15.7
P <<0.0001 <0.0001 0.0002 <0.0001 <0.0001 <0.0001

CDAI was analyzed using the paired #-test. Results of statistical analysis of each were represented by p-value. TSS:

modified sharp Heidji score.

count, Hb level or delta TSS. The Wilcoxon signed rank sum test
was used for analysis of a difference between a distribution ratio of
patients with each state of disease activity before and after treat-
ment, with p <<0.05 considered statistically significant.

Results

Responses to tocilizumab evaluated on the basis of the DAS28
remission rate

Figure 1 shows the responses to tocilizumab treatment in the two
groups divided according to the platelet count. The DAS28-ESR
remission rates increased significantly after tocilizumab treatment
in both the normal platelet count group and the high platelet count
group (Figure 1A and B). The percentage of patients with high
baseline disease activity rated using DAS28-ESR was higher in
the high platelet count group than in the normal platelet count
group (69.6% vs. 38.1%), reflecting the differences in background
variables.

Figure 2 shows the responses to tocilizumab treatment in the
two groups divided according to Hb level. The DAS28-ESR remis-
sion rates increased significantly after tocilizumab treatment in
both the normal Hb group and the low Hb group (Figure 2A and
B). The percentage of patients with high baseline disease activity
rated using DAS28-ESR was higher in the low Hb group than in
the normal Hb group (53.2% vs. 37.5%), reflecting the differences
in background variables.

Figure 3 shows the responses to tocilizumab treatment in the
two groups divided according to the radiographic. stage of bone
destruction. The DAS28-ESR remission rate increased signifi-
cantly after tocilizumab treatment in both the slow progression
group and the rapid progression group. The DAS28-ESR remis-
sion rate at baseline did not differ between these two groups
(Figure 3A and B).

Responses to tocilizumab treatment rated with ADAS28-ESR

Table 3 shows the responses to tocilizumab treatment rated with
ADAS28-ESR (posttreatment DAS28-ESR—baseline DAS28-
ESR) in the two groups of patients divided according to platelet
count, Hb level, or ATSS. The ADAS28-ESR improved signifi-
cantly in the high platelet count group as compared to the normal
platelet count group (p = 0.029), whereas there was no statistically
significant difference in ADAS28-ESR between the normal Hb

group and the low Hb group or between the group with slow pro-
gression of bone destruction and the group with rapid progression
of bone destruction.

Responses to tocilizumab treatment rated with CDAI

Table 2 shows the results related to improvement in CDAI after
treatment in the two groups of patients divided according to plate-
let count, Hb level, or ATSS. As shown in this table, significant
improvement was seen in each group after tocilizumab treatment.

Responses to tocilizumab treatment rated with ACDAI

Table 3 shows the results related to ACDAI (posttreatment CDAI—
baseline CDAI) in the two groups of patients divided accord-
ing to platelet count, Hb level, or ATSS. The ACDAI improved
significantly in the high platelet count group as compared to the
normal platelet count group, whereas there was no statistically
significant difference in the ACDAI between the normal Hb group
and the low Hb group or between the group with slow progression
of bone destruction and the group with rapid progression of bone
destruction. On the other hand, from the investigation for correla-
tion of ADAS28-ESR or ACDAI with joint space narrowing score
(JSN) or erosion score (ERO), there was no correlation between
ADAS28-ESR or ACDAI and JSN or ERO (ADAS28-ESR vs.
JSN; r=0.2403, ADAS28-ESR vs. ERO; r=0.0932, ACDAI vs.
JSN; r=0.2516, ACDAI vs. ERO; r=0.1028).

Cases requiring discontinuation of tocilizumab treatment

No discontinuation of tocilizumab treatment for adverse reactions
was required in any of the patients studied. For two patients, tocili-
zumab treatment was discontinued in less than 8 weeks after the
start of treatment because of poor response to the treatment. These
two cases were excluded from analysis.

Discussion

Treatment using biologics is an effective means of treating RA
clinically. However, selection of the most effective drug in indi-
vidual cases remains unclear. Biologics have excellent efficacy,
but their high cost is a concern [14]. Therefore, there is a need to
minimize the risk of prolonged administration of poorly effective
treatment by replacing drugs of unknown efficacy with other more

Table 3. Changes in DAS28-ESR and CDAI from baseline of patients which were divided according to platelet

count, hemoglobin level or ATSS.

Classification Platelet count Hemoglobin level ATSS

criteria <400000 =400000 P Low Normal P <50 =50 P
ADAS28-ESR - 1.86 —2.61 0.029 —1.85 —-22 NS —-1.91 -232 NS
ACDAI —8.09 —15.91 0.028 —8.68 —1143 N.S —865 —1352 NS

ADAS28-ESR and ACDAI were analyzed using the unpaired z-test. Results of statistical analysis of each were
represented by p-value. TSS: modified sharp Heidji score.
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efficacious drugs. Attention has been focused on the physiological
actions of cytokines and the considerations on how to achieve the
best use of TNF and IL-6 inhibitors that were identified as 1st Bio
in the NICE Guidance [15]. The present study was designed to
examine whether platelet count and Hb levels (which are largely
affected by the physiological activity of IL-6) and radiographic
changes (seemingly affected less by IL-6) serve as indicators in
identifying patients who are highly sensitive to IL-6 inhibitory
treatment.

In this study, background variables (including disease activ-
ity) at the start of treatment differed significantly between the
two groups of patients divided according to platelet count or Hb
level. This probably reflects the large influence of IL-6 in the high
platelet count group and the low Hb group and also appears to be
closely associated with elevation in the indicators of inflammation
such as CRP and ESR (Table 1).

In the analysis of ADAS28-ESR and ACDAI, improvement
after tocilizumab treatment was more marked in the high platelet
count group than in the normal platelet count group. However, Hb
levels and radiographic changes did not demonstrate the ability to

Normal
T SR i
80 80
60 60
S =X
40 40
20 20
0 0
Baseline Afer
treatment
m>5.1 37.5 5 m>5.1
0325 £5.1 55 325 0325 £51
M26 <32 7.5 15 W26 £<3.2
0<26 0 475 <26

= 400,000
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Figure 1. Proportion of patients

in each disease activity (patients
divided according to platelet count).
Figure in left represents the result of
patients with high platelet counts in
baseline (<400 000). Figure in right
represents the result of patients with
normal platelet counts in baseline
(=400000). Numbers in the table
below each bar charts represent
percentage of patients in each disease
activity. Patients are graded into four
group according to DAS28-ESR,
DAS28-ESR >5.1, 3.2 =DAS28-
ESR=5.1,2.6 =DAS28-ESR<3.2,

Baseline After DAS28-ESR < 2.6. Percentages of
treatment patients with each state of disease
69.6 8.7 activity after the treatment is
: : significantly changed form before the
26.1 348 treatment (P <<0.0001).
43 13
0 435

be indicators for identifying patients that respond better to IL-6
inhibitory treatment. As a reference, the association between base-
line platelet count and treatment efficacy with anti-TNF agents (inf-
liximab 36, etanercept 85, adalimumab 6, and golimumab 5) was
examined using aggregated private data from 132 patient records
in my clinic with a background equivalent to patients which were
analyzed in the study (25 men and 107 women, 64.3 * 12.4 years
old,. Mean duration of RA; 10.2 + 12.4 years). The data showed
that number of platelet count of RA patient did not affect the
efficacy of TNF inhibitors (ADAS28ESR; — 1.54 in <400 000,
—1.03 in 400,00, P=0.1358, ACDAI: —8.66 in <400 000,
—6.12 in =400 000, P = 0.4039).

In the present study, the difference in radiographic changes
was not a definite indicator for selecting tocilizumab treatment.
In previous studies, it has been reported that there is a time gap
between the first appearance of clinical symptoms and the onset of
changes that can be visualized on radiography. This may be one of
the reasons for radiographic changes not being an indicator of the
influence of IL-6 in the present study. Furthermore, the difference
in Hb levels was not a definite indicator for selecting tocilizumab

Figure 2. Proportion of patients in
each disease activity (patients divided
according to hemoglobin level).
Figure in left represents the result
of patients with normal hemoglobin
level in baseline. Figure in right
represents the result of patients with
low hemoglobin level in baseline.
Numbers in the table below each
bar charts represent percentage of
patients in each disease activity.
Patients are graded into four group
according to DAS28-ESR, DAS28-
ESR>5.1, 32 =DAS28-ESR=5.1,

Low

2.6=DAS28-ESR < 3.2, DAS28-
ESR <2.6. Percentages of patients
with each state of disease activity
after the treatment is significantly
changed form before the treatment
(P<0.0001).

After
treatment

10.6

Baseline

53.2

44.7 34
21 14.9
0 404
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Figure 3. Proportion of patients in > 50
each disease activity (patients divided
according to ATSS). Figure in left
represents the result of patients with
rapid progression in bone destruction )
in baseline (ATSS = 50). Figure 80
in right represents the result of

patients with slow progression in 60
bone destruction in baseline (ATSS
< 50). Numbers in the table below
each bar charts represent percentage
of patients in each disease activity.
Patients are graded into four groups 20
according to DAS28-ESR, DAS28-

ESR > 5.1,3.2=DAS28-ESR =5.1, 0
2.6=DAS28-ESR <3.2, DAS28-
ESR <2.6. Percentages of patients
with each state of disease activity
after the treatment is significantly
changed form before the treatment
(P <0.0001).

100

%

40

Baseline

m>51 59.3
0325 £51 33.3
W26 <32 7.4
0<2.6 ’ 0

treatment. This is probably because anemia in RA patients was
affected not only by hepcidin associated with IL-6 but also by
various other factors, and some factors other than IL-6 may have
affected Hb levels [16].

When evaluated using both ADAS28-ESR and ACDALI the
margin of improvement in disease activity after treatment was
different between the two groups of patients divided according to
platelet count.

Platelet count before the start of treatment appears to be useful
as an indicator for selecting tocilizamab (an IL-6 inhibitor) as the
1st Bio in routine clinical practice.
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