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Abstract
Objective

Anaemia is a frequent extra-articular manifestation in rheumatoid arthritis (RA); haemoglobin level changes are 
associated with changes in disease activity. This post-hoc analysis assessed potential relationships between haemoglobin 

and disease activity in Japanese patients with RA, enrolled in the KAKEHASI study (NCT02293902). 

Methods
In this study, adult patients with moderate-to-severe active RA, who had an inadequate response to methotrexate, 

were randomised to subcutaneous sarilumab 150 mg every 2 weeks (q2w) or 200 mg q2w or placebo for 24 weeks. 
Post-hoc analyses were conducted on changes in haemoglobin and proportion of anaemic patients, using a mixed-effects 

model for repeated measures assuming an unstructured covariance. Relationships between haemoglobin and efficacy 
measures were explored.

Results
At baseline, nearly half of patients had anaemia, defined by World Health Organization criteria (haemoglobin <12 g/dL, 
female; or <13 g/dL, male). At Week 24, the least squares mean change in haemoglobin levels was greater in sarilumab 

groups than for placebo (150 mg: 1.23 g/dL, 200 mg: 1.19 g/dL, placebo: 0.17 g/dL; p=0.0002 for both doses vs. placebo). 
By Week 24, the proportion of patients with anaemia was 17.8%, 22.9%, and 30.1% for sarilumab 150 mg, 200 mg, and 

placebo, respectively. 

Conclusion
In Japanese patients with RA, both doses of sarilumab were associated with greater improvement in haemoglobin 
levels and reduction in proportion of patients with anaemia, compared with placebo. Sarilumab may be a suitable 

treatment for patients with RA and anaemia.
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Introduction
Rheumatoid arthritis (RA) is a chronic 
autoimmune disease associated with 
high morbidity and characterised by 
persistent joint inflammation, which 
leads to destruction and deformation of 
bone and cartilage (1). The global prev-
alence of RA is estimated as 0.46%, 
and that in Japan as 0.75% (2, 3). The 
pathophysiology of RA is complex and 
histopathological and immunopatho-
logical studies suggest that the inflam-
mation and associated damage to artic-
ular cartilage and underlying bone in-
volves antigen presentation, activation 
of T-cells, and an autoimmune response 
to produce inflammatory mediators (4).  
Pro-inflammatory cytokines, such as 
interleukin-6 (IL-6) and tumour-necro-
sis factor α (TNF-α) play an important 
role in pathogenesis of RA, contribut-
ing to chronic inflammation (5). 
In addition to progressive joint damage, 
RA is associated with an extra-articular 
manifestation anaemia, which affects 
30–70% of patients and contributes 
to reduced quality of life (6, 7). Older 
patients in particular are likely to have 
more comorbidities and lower haemo-
globin levels than younger patients (8).
Multiple mechanisms are involved in 
the pathogenesis of anaemia in RA, 
including impaired erythropoiesis, iron 
homeostasis, and a blunted erythropoi-
etin response (9).
Several studies, including the MEAS-
URE trial have shown that IL-6 con-
tributes to the development of anaemia 
in patients with RA by modulating iron 
metabolism and suppressing bone mar-
row erythropoiesis (10, 11). It has also 
been reported that IL-6 induces hepci-
din, a critical regulator of iron metabo-
lism in anaemia (12, 13). The change in 
haemoglobin levels may correlate with 
either clinical response to treatment 
or reduction of inflammatory markers 
(10). As IL-6 and other cytokines are 
involved in the pathogenesis of anae-
mia in RA, biologic therapies, such as 
IL-6 inhibitors and TNF-α inhibitors, 
could potentially increase haemoglobin 
levels after treatment (10).
Sarilumab is a human immunoglobulin 
(IgG1) antibody that selectively binds 
membrane-bound and soluble IL-6 
receptor-α, thus inhibiting IL-6-medi-

ated signal transduction (14). It is ap-
proved in the United States, Europe, 
and Japan for treatment in patients 
with moderate-to-severe active RA as 
monotherapy and in combination with 
csDMARDs in patients with an inad-
equate response or intolerance to one 
or more csDMARDs (15-17).
In a multicentre, phase III, 24-week 
MONARCH (NCT02332590) study, 
sarilumab monotherapy was associated 
with a greater reduction in the propor-
tion of RA patients who had anaemia, 
from baseline to Week 24, than adali-
mumab (14.1% vs. 8.8%). The increase 
in haemoglobin levels was greater in 
the sarilumab group than in the adali-
mumab group (least squares mean 
[LSM] change from baseline to Week 
24; sarilumab 0.591 g/dL and adali-
mumab 0.075 g/dL) (18).
The aim of this post-hoc analysis was 
to assess potential relationships be-
tween haemoglobin, disease activity, 
and physical function in Japanese pa-
tients with RA, enrolled in the KAKE-
HASI study (NCT02293902) (19).

Materials and methods
Study design and patient population
The methodology, safety and efficacy 
results of the 52-week, phase III, mul-
ticentre, parallel-group, KAKEHESI 
study have been published previous-
ly (19). Briefly, adult patients (aged 
20–75 years) with moderate-to-severe 
active RA (defined as ≥8 of 68 tender 
joints and ≥6 of 66 swollen joints, and 
high-sensitivity C-reactive protein [hs-
CRP] ≥0.6 mg/dL), and who had an 
inadequate response to methotrexate 
(MTX), were eligible for inclusion. 
Patients were randomised (2:2:1:1) to 
one of the four following regimens with 
MTX as background therapy: sarilum-
ab 150 mg; sarilumab 200 mg; placebo, 
switching to sarilumab 150 mg at Week 
24; or placebo, switching to sarilumab 
200 mg at Week 24, administered sub-
cutaneously every 2 weeks (q2w). Pa-
tients with an inadequate response by 
Week 16, defined as <20% improve-
ment from baseline on 2 consecutive 
visits (at least 4 weeks apart) in tender 
or swollen joint counts were eligible 
for rescue with sarilumab 200 mg q2w. 
Patients were analysed according to 
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the haemoglobin levels at each visit 
(with or without anaemia; as defined by 
World Health Organisation [WHO] cri-
teria (haemoglobin <12 g/dL, female; 
or <13 g/dL, male) (15, 20). Baseline 
haematological data were collected 
for all patients, such as haemoglobin 
levels, mean corpuscular haemoglobin 
(MCH), mean corpuscular haemoglo-
bin concentration (MCHC), mean cor-
puscular volume (MCV), red blood cell 
(RBC) count, and albumin levels.  
The protocol was approved by inde-
pendent ethics committees/institutional 
review boards, and all patients pro-
vided written informed consent prior to 
the conduct of any study-related pro-
cedures. The study was conducted in 
compliance with applicable laws and 
regulations, the International Confer-
ence on Harmonization Guidelines for 
Good Clinical Practice, and the Decla-
ration of Helsinki.

Endpoints
The endpoints for this post-hoc analy-
sis included: (1) proportion of patients 
with anaemia at each visit, (2) LSM 
change from baseline in the haemo-
globin level at each visit, and (3) 
LSM change from baseline in Disease 
Activity Score 28-joint count-CRP 
(DAS28-CRP), CRP, Clinical Disease 

Activity Index (CDAI), and pain visual 
analogue scale (VAS). These endpoints 
were evaluated in patients with and 
without anaemia status at baseline.
The relationship between haemoglo-
bin levels and clinical and laboratory 
markers of disease activity, including 
CRP, DAS28-CRP, CDAI, and pain 
VAS were explored using Spearman 
rank correlation coefficient at Week 24.

Statistical analysis
The primary analysis population was 
the modified intent-to-treat (mITT) pop-
ulation, defined as randomised patients 
who received at least one dose of study 
drug and had an evaluable primary end-
point, post-baseline. Safety population 
included randomised population who 
received at least one dose. Continuous 
data were summarised using the num-
ber of available data, mean, standard 
deviation, median, minimum, and maxi-
mum for each treatment group. Binary 
exploratory efficacy variables (propor-
tion of patients with anaemia) were ana-
lysed up to Week 24 by the two-sided 
Cochran-Mantel-Haenszel test stratified 
by prior biologic use and weight (<55 
kg, ≥55 kg) at screening to assess treat-
ment differences in the endpoints. 
The continuous exploratory efficacy 
variables were analysed, up to Week 

24, with a mixed model repeated meas-
ures (MMRM) approach. The model, 
including treatment, prior biologic use, 
weight (<55 kg, ≥55 kg) at screening, 
visit, and treatment-by-visit interaction 
as fixed effects and baseline as a covar-
iate, was used to test the difference be-
tween each active treatment group vs. 
placebo in the change from baseline. 
Descriptive statistics, including num-
ber of subjects, mean, standard error, 
and LSM, were provided at each visit. 
In addition, difference in LSM, and the 
corresponding 95% confidence interval 
(CI) were provided along with the p-
values. Missing data were not imputed. 
A logistic regression model with terms 
of treatment, prior biological use, prior 
biological use-by-treatment interac-
tion, and weight (<55 kg, ≥55 kg) at 
screening was conducted to evaluate 
the interaction between change in hae-
moglobin and efficacy of sarilumab.

Results
Baseline demographics and 
patient characteristics
Of the 243 randomised patients in 
the KAKEHESI study, nearly half 
of patients had anaemia at baseline 
(119/243, 49.0%). The proportions of 
patients with baseline anaemia in the 
placebo (40/82, 49.8%), sarilumab 150 

Table I. Patient demographics, disease characteristics by anaemia (i.e. Low Hb) WHO criteria* at baseline - Randomised population

	 Placebo + MTX (n=82) 	 Sarilumab 150 mg + MTX (n=81)	  Sarilumab + MTX 200 mg (n=80)	 Total (n=243)	 p-value¥

	
	 Low Hb	 Normal Hb	 Low Hb 	 Normal Hb	 Low Hb	 Normal Hb	 Low Hb	 Normal Hb
	 (n=40)	 (n=42)	 (n=36)	  (n=45)	 (n=43)	 (n=37)	 (n=119)	  (n=124)	

Demographics
Age (years), mean (SD)	 52.15 	(11.87)	 54.57 	(11.12)	 57.64 	(8.90)	 54.82 	(9.80)	 55.09 	(10.71)	 55.49 	(11.46)	 54.87 	(10.76)	 54.94 	(10.68)	 0.9644
Age <65 years, n (%)	 33 	(82.5)	 33 	(78.6)	 28 	(77.8)	 38 	(84.4)	 33 	(76.7)	 25 	(67.6)	 94 	(79.0)	 96 	(77.4)	 0.8767
Female, n (%)	 33 	(82.5)	 32 	(76.2)	 27 	(75.0)	 36 	(80.0)	 35 	(81.4)	 26 	(70.3)	 95 	(79.8)	 94 	(75.8)	 0.5373
Weight (kg), mean (SD)	 52.56 	(10.66)	 60.35 	(12.44)	 55.18 	(11.80)	 57.77 	(12.93)	 57.59 	(11.29)	 55.66 	(10.43)	 55.17 	(11.35)	 58.02 	(12.12)	 0.0598

Disease activity, mean (SD)
CRP (mg/L)	 28.62 	(24.57)	 16.42 	(15.71)	 24.26 	(17.52)	 21.84 	(21.69)	 30.17 	(22.58)	 14.82 	(14.21)	 27.86 	(21.86)	 17.91 	(17.86)	 0.0001
DAS28-CRP	 5.52 	(0.91)	 5.35 	(0.91)	 5.84 	(0.99)	 5.49 	(0.93)	 5.63 	(0.91)	 5.11 	(0.90)	 5.66 	(0.94)	 5.33 	(0.92)	 0.0067
HAQ-DI score (0–3)	 1.21 	(0.66)	 0.99 	(0.63)	 1.26 	(0.69)	 1.18 	(0.65)	 1.25 	(0.66)	 0.95 	(0.62)	 1.24 	(0.66)	 1.04 	(0.64)	 0.0218
CDAI	 33.00 	(9.95)	 33.28 	(10.86)	 38.24 	(12.86)	 33.98 	(12.19)	 34.56 	(12.21)	 31.05 	(11.41)	 35.15 	(11.81)	 32.87 	(11.49)	 0.1283

Haematological parameters, mean (SD)
RBC (1012/L)	 3.89 	(0.36)	 4.35 	(0.33)	 3.80 	(0.37)	 4.30 	(0.27)	 3.92 	(0.34)	 4.31 	(0.32)	 3.87 	(0.36)	 4.32 	(0.31)	 <0.0001
Haematocrit (%)	 0.35 	(0.03)	 0.41 	(0.03)	 0.35 	(0.03)	 0.40 	(0.03)	 0.35 	(0.02)	 0.41 	(0.03)	 0.35 	(0.03)	 0.41 	(0.03)	 <0.0001
MCV (fL)	 91.23 	(7.38)	 93.99 	(5.01)	 91.91 	(6.54)	 93.72 	(5.21)	 89.85 	(6.75)	 94.91 	(4.72)	 90.93 	(6.90)	 94.17 	(4.98)	 <0.0001
MCH (pg)	 29.05 	(2.93)	 30.55 	(1.93)	 29.18 	(2.77)	 30.47 	(1.53)	 28.50 	(3.00)	 30.96 	(1.81)	 28.89 	(2.90)	 30.64 	(1.75)	 <0.0001
MCHC (g/dL)	 31.80 	(1.04)	 32.50 	(1.08)	 31.70 	(1.17)	 32.53 	(1.01)	 31.66 	(1.33)	 32.61 	(0.74)	 31.72 	(1.18)	 32.55 	(0.95)	 <0.0001
Albumin (g/L)	 39.18 	(2.52)	 41.60 	(2.29)	 39.25 	(2.79)	 41.13 	(3.04)	 38.86 	(3.39)	 41.38 	(3.10)	 39.08 	(2.92)	 41.36 	(2.81)	 <0.0001

*WHO criteria, haemoglobin <12 g/dL (female) or 13 g/dL (male).
¥Nominal p-values were obtained using t-test for equality of variance; if latter assumption was not met, Satterthwaite’s p-value was provided.
CDAI: Clinical Disease Activity Index; CRP: C-reactive protein; DAS28-CRP: Disease Activity Score-28 for rheumatoid arthritis with CRP; Hb: haemoglobin; HAQ-DI: Health 
Assessment Questionnaire-Disability Index; MCH: mean corpuscular haemoglobin; MCHC: mean corpuscular haemoglobin concentration; MCV: mean corpuscular volume; 
MTX: methotrexate; RBC: red blood cell count; SD: standard deviation; WHO: World Health Organization.
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mg (36/81, 44.4%), sarilumab 200 mg 
(43/80, 53.8%), and sarilumab pooled 
(79/161, 49.1%) groups were compa-
rable (Table I). The baseline demo-

graphics were generally well-balanced 
between patients with anaemia and 
without anaemia. The mean (SD) age 
of patients with anaemia and without 

anaemia at baseline, across all treatment 
groups was 54.9 (10.8) and 54.9 (10.7) 
years, respectively (Table I). At base-
line, patients with anaemia were pre-
dominantly females (79.8% vs. 75.8%) 
and had lower body weight (55.2 vs. 
58.0 kg), compared with patients with 
normal haemoglobin (Table I).
Lower blood count values (RBC, 
haematocrit, MCV, MCH, MCHC) 
and serum albumin levels (p<0.0001; 
for all) were reported in patients with 
anaemia at baseline, than those with-
out anaemia. Patients with anaemia at 
baseline reported higher DAS28-CRP 
(p=0.0067), HAQ-DI (p=0.0218), and 
CRP (p=0.0001) values than those with 
normal haemoglobin. No significant 
difference in CDAI scores was report-
ed between the 2 groups (p=0.1283).

Effect of sarilumab treatment 
on change in proportion of
 patients with anaemia, by week 
A greater reduction in the proportion 
of patients with anaemia was observed 
for the sarilumab group than for the 
placebo group (Fig. 1). Data after 16 
Weeks at which patients may transi-
tion to rescue therapy (sarilumab 200 
mg), include data from each group of 
patients who were rescued. In the sari-
lumab group, there was a reduction in 
the proportion of patients with anaemia 
starting at Week 2 and anaemia was re-
solved by 24 weeks in more than half 
of patients treated with sarilumab. The 
proportion of patients classified as hav-
ing anaemia at Week 16, i.e. prior to 
the availability of rescue medication, 
was 50.7% (38/75), 18.2% (14/77), 
and 30.1% (22/73) in the placebo, sari-
lumab 150 mg, and sarilumab 200 mg 
groups compared with 49.4% (40/81), 
44.4% (36/81), and 53.8% (43/80) at 
baseline, respectively (Fig. 1). At Week 
20, 32 patients in the placebo arm were 
anaemic, of whom 43.8% (14/32) re-
ceived rescue therapy with 200 mg 
sarilumab. Few patients in the sarilum-
ab groups received rescue therapy after 
Week 16. By Week 20, 1 and 3 patients 
in the sarilumab 150 mg and 200 mg 
groups, respectively, were classified as 
anaemic and receiving rescue therapy. 
At Week 24 there was a reduction in 
the proportion of patients with anaemia 

Fig. 1. Proportion of patients with anaemia, by week – Safety population
*nominal p<0.05, **nominal p<0.01, ***nominal p<0.001 vs. placebo; CMH test stratified by prior 
biologic use (Yes, No) and weight at screening (<55 kg, ≥55 kg).
CMH: Cochran-Mantel-Haenszel; MTX: methotrexate; q2w, every 2 weeks.

Table II. Correlation of haemoglobin level with clinical and laboratory markers relating to 
disease activity.

	 Week 16	 Week 24
	 Sarilumab	 Sarilumab

Parameters	 Placebo + 	 150 mg +	 200 mg +	 Placebo +	 150 mg +	 200 mg + 
	 MTX	 MTX	 MTX	 MTX	 MTX	 MTX
	 (n=81)	 (n=81) 	  (n=80)	 (n=81)	   (n=81)	 (n=80)

CDAI						    
  n	 75	 77	 73	 30	 67	 62
  Correlation coefficient	 −0.19	 −0.05	 −0.14	 −0.03	 −0.03	 −0.13
  p-value	 0.1035	 0.6512	 0.2336	 0.8865	 0.8166	 0.3168

HAQ-DI						    
  n	 75	 77	 73	 30	 67	 62
  Correlation coefficient	 −0.35	 −0.35	 −0.11	 −0.03	 −0.16	 −0.12
  p-value	 0.0022	 0.0015	 0.3478	 0.8584	 0.2109	 0.3586

DAS28-CRP						    
  n	 74	 77	 73	 30	 67	 62
  Correlation coefficient	 −0.25	 −0.03	 −0.23	 0.07	 −0.12	 −0.18
  p-value	 0.0280	 0.8137	 0.0494	 0.7100	 0.3152	 0.1654

CRP						    
  n	 74	 77	 73	 30	 67	 62
  Correlation coefficient	 −0.11	 −0.27	 −0.43	 −0.05	 −0.17	 −0.34
  p-value	 0.3505	 0.0168	 0.0001	 0.7948	 0.1649	 0.0059

Pain VAS						    
  n	 75	 77	 73	 30	 67	 62
  Correlation coefficient	 −0.28	 −0.24	 −0.17	 −0.02	 −0.04	 −0.18
  p-value	 0.0143	 0.0336	 0.1453	 0.9200	 0.7235	 0.1635

Patient Global VAS						        
  n	 75	 77	 73	 30	 67	 62
  Correlation coefficient	 −0.28	 −0.12	 −0.15	 −0.12	 −0.10	 −0.13
  p-value	 0.0157	 0.3197	 0.2125	 0.5246	 0.4108	 0.3026

CDAI: Clinical Disease Activity Index; CRP: C-reactive protein; DAS28-CRP: Disease Activity 
Score-28 for rheumatoid arthritis with CRP; HAQ-DI: Health Assessment Questionnaire-Disability 
Index; MTX: methotrexate; VAS: visual analogue scale.
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Fig. 2. Least squares mean change from baseline in haemoglobin levels in patients with anaemia (A) and without anaemia (B) at baseline - Safety population.
*nominal p<0.05, **nominal p<0.01, ***nominal p<0.001 vs. placeboa. 
aType III sum of squares MMRM with PROC MIXED assuming an unstructured covariance structure: model = baseline, treatment, prior biologic use (Yes, 
No), weight at screening (<55 kg, ≥55 kg), visit, and treatment-by-visit interaction.
LSM: least squares mean; MMRM: mixed model repeated measures; MTX: methotrexate; q2w: every 2 weeks.

Fig. 3. Least squares mean change from baseline in DAS28-CRP in patients with anaemia (A) and without anaemia (B) at baseline - mITT population.
*nominal p<0.05, **nominal p<0.01, ***nominal p<0.001 vs. placeboa. 
aType III sum of squares MMRM with PROC MIXED assuming an unstructured covariance structure: model = baseline, treatment, prior biologic use (Yes, 
No), weight at screening (<55 kg, ≥55 kg), visit, and treatment-by-visit interaction.
DAS28-CRP: Disease Activity Score-28 for rheumatoid arthritis with C-reactive protein; LSM: least squares mean; mITT: modified intent-to-treat; MMRM: 
mixed model repeated measures; MTX: methotrexate; q2w: every 2 weeks.

Fig. 4. Least squares mean change from baseline in CDAI scores in patients with anaemia (A) and without anaemia (B) at baseline - mITT population.
*nominal p<0.05, **nominal p<0.01, ***nominal p<0.001 vs. placeboa. 
aType III sum of squares MMRM with PROC MIXED assuming an unstructured covariance structure: model = baseline, treatment, prior biologic use (Yes, 
No), weight at screening (<55 kg, ≥55 kg), visit, and treatment-by-visit interaction.
CDAI: Clinical Disease Activity Index; LSM: least squares mean; mITT: modified intent-to-treat; MMRM: mixed model repeated measures; MTX: metho-
trexate; q2w: every 2 weeks.
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across all groups; 30.1% (22/73) in pla-
cebo, 17.8% (13/73) in sarilumab 150 
mg, and 22.9% (16/70) in sarilumab 
200 mg groups. Similar trends in use 
of rescue medication at Week 20 were 
also observed at Week 24.

Effect of sarilumab 
on haemoglobin levels
Sarilumab-treated patients had a greater 
improvement in haemoglobin levels 
than the placebo group at Week 2, and 
these improvements were maintained 
at Week 24 (Fig. 2). A similar improve-
ment in haemoglobin levels at Week 24 
was reported for both sarilumab groups. 
At Week 16 the change in haemoglo-
bin levels was greater in the sarilumab 
groups than in the placebo: sarilumab 
150 mg versus placebo (0.995 vs. 0.083 
g/dL; LSM difference: 0.912 g/dL; 
p<0.0001) and sarilumab 200 mg ver-
sus placebo (0.953 vs. 0.083 g/dL; LSM 
difference: 0.870 g/dL; p<0.0001). This 
change was sustained at Week 24; sari-
lumab 150 mg versus placebo (1.200 
vs. 0.169 g/dL; LSM difference: 1.314 
g/dL; p=0.0002) and sarilumab 200 mg 
versus placebo (1.193 vs. 0.169 g/dL; 
difference: 1.239 g/dL; p=0.0002) (Fig. 
2A) (see Supplementary Table S1 for 
absolute values). Even in patients with-
out anaemia at baseline, the changes in 
haemoglobin level was greater in sari-
lumab groups, compared with placebo 
group at both Weeks 16 and 24; Week 
16: sarilumab 150 mg versus placebo: 
0.454 versus -0.309 g/dL; difference: 
0.7627 g/dL; p<0.0001 and sarilumab 
200 mg versus placebo: 0.210 versus 
-0.309 g/dL; difference: 0.517 g/dL; 
p=0.0042); Week 24, the change in 
haemoglobin levels were: sarilumab 
150 mg versus placebo: 0.453 versus 
-0.187 g/dL; difference: 0.640 g/dL; 
p=0.0041 and sarilumab 200 mg ver-
sus placebo: 0.423 versus -0.187 g/dL; 
difference: 0.609 g/dL; p=0.0093 (Fig. 
2B). No clear differences were appar-
ent in the LSM changes of haemo-
globin between the treatment groups 
at any timepoint (Suppl. Table S2). 
However, for patients with anaemia at 
baseline, LSM haemoglobin notably 
increased from Week 8 to 16 for sari-
lumab 150 mg versus placebo (11.89 
vs. 11.14 g/dL, p=0.0041) and 200 mg 

(11.98 vs. 11.14, p=0.001) treatment 
groups (Suppl. Table SI). In patients 
without anaemia at baseline, from 
Week 2 onwards LSM haemoglobin in 
the sarilumab 200 mg group was higher 
than in placebo (13.47 g/dL vs. 12.88, 
p=0.0024) and from Week 10 onwards 
for the sarilumab 150 mg (13.38 vs. 
12.78 g/dL, p=0.0041) (Suppl. Table 
S1).

Effect of sarilumab treatment 
on RA disease activity: 
DAS28-CRP and CDAI score
In patients with anaemia at baseline, 
compared with placebo, treatment with 
sarilumab showed greater improve-
ment in DAS28-CRP scores at Week 
2 and these continued to decline to  
Week 24 (Fig. 3A). At Week 16, the 
LSM change from baseline in DAS28-
CRP score was greater in the sarilumab 
groups than in the placebo group (sari-
lumab 150 mg vs. placebo: -2.51 vs. 
-0.64; difference: -1.878; p<0.0001 and 
sarilumab 200 mg vs. placebo: -2.76 
vs. -0.64; difference: -2.121; p<0.0001) 
(Fig. 3A). In patients without anaemia 
at baseline (Fig. 3B), the improvement 
in DAS28-CRP at Week 16 was lower 
than in patients with anaemia at base-
line (for patients without anaemia at 
baseline, LSM change in sarilumab 150 
mg, sarilumab 200 mg and placebo was 
-2.20, -2.09, and -0.93, respectively 
[(p<0.0001 for both doses vs. placebo]) 
(Fig. 3B). In patients with anaemia at 
baseline, LSM changes from baseline 
in DAS28-CRP scores at Week 24 were 
consistent for sarilumab 150 mg and 
sarilumab 200 mg vs. placebo; -2.85, 
-2.89, and -0.58, respectively; differ-
ence, -2.271 (for 150 mg) and -2.302 
(for 200 mg); p<0.0001 (for both doses 
vs. placebo) (Fig. 3A). At Week 24, the 
LSM change from baseline in DAS28-
CRP scores was -2.51, -2.28, and -0.90, 
respectively, (p<0.0001 for both doses 
vs. placebo) for patients without anae-
mia at baseline (Fig. 3B). However, the 
absolute LSM DAS28-CRP scores were 
initially higher in patients with anaemia 
at baseline than in those without anae-
mia (5.45 vs. 5.26, placebo; 5.81 vs. 
5.47, sarilumab 150 mg; 5.62 vs. 5.07, 
sarilumab 200 mg; Supplementary Ta-
ble S1).

Results for CDAI were similar to those 
for DAS28-CRP. Sarilumab demon-
strated greater efficacy compared with 
placebo in CDAI scores throughout 
the study duration. Changes in CDAI 
scores were more prominent in patients 
with anaemia at baseline versus patients 
without anaemia.
At Week 16, in patients with anaemia 
at baseline, the LSM change in CDAI 
scores was greater for both doses of 
sarilumab compared with placebo 
(sarilumab 150 mg: -20.34, sarilumab 
200 mg: -20.19 and placebo: -6.74; 
p<0.0001 for both doses vs. placebo) 
(Fig. 4). At Week 24, sarilumab treated 
patients with anaemia at baseline had 
lower mean CDAI compared with pa-
tients receiving placebo (for 150 mg: 
-22.39 vs. -6.21; difference: -16.187 
and for 200 mg: -22.40 vs. -6.21; differ-
ence: -16.188; p<0.0001 for both doses 
vs. placebo) (Fig. 4, Suppl. Table S1).
In patients without anaemia at base-
line, the LSM change in CDAI scores 
at Week 16 was greater for both dos-s 
of sarilumab compared with placebo 
(sarilumab 150 mg: -17.06, sarilumab 
200 mg: -16.34 and placebo: -10.23; 
p=0.0068 for 150 mg and p=0.023 for 
200 mg vs. placebo). At Week 24, these 
changes were -19.64 in sarilumab 150 
mg, -18.21 in sarilumab 200 mg and 
-9.18 in placebo groups (p=0.0001 for 
150 mg and p=0.0014 for 200 mg vs. 
placebo) (Fig. 4); refer to Supplemen-
tary Table S1 for LSM values.

Effect of sarilumab treatment 
on inflammatory marker, CRP
Changes of CRP from baseline were 
similar between the 2 treatment groups 
over most time points. In patients with 
anaemia at baseline a reduction in LSM 
CRP level was observed from Week 2 
onwards with both sarilumab treatment 
groups versus placebo and was sus-
tained throughout the treatment period 
(Fig. 5A). In patients without anaemia 
at baseline, improvements versus pla-
cebo were found for sarilumab 200 mg 
from Week 2 and for sarilumab 150 mg 
from Week 4 (Fig. 5B). 
At Week 16, the LSM change in CRP 
levels from baseline in patients with 
anaemia was higher in the sarilumab 
150 mg (-2.19) and sarilumab 200 mg 
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groups (-2.70), compared with placebo 
(-0.43). The differences between groups 
were -1.765 for sarilumab 150 mg ver-
sus placebo and -2.277 for sarilumab 
200 mg versus placebo (p<0.0001 for 
both doses vs. placebo). Similar chang-
es in CRP levels were reported at Week 
24 in sarilumab 150 mg, sarilumab 200 
mg and placebo: -2.33, -2.55, and 0.32, 
respectively (p<0.0001 for both doses 
vs. placebo) (Fig. 5, Suppl. Table S1).
In patients without anaemia at base-
line, the LSM change in CRP levels at 
Week 16 was greater for both doses of 
sarilumab compared with placebo (sari-
lumab 150 mg: -1.69, sarilumab 200 

mg: -1.57 and placebo: -0.40; p<0.0001 
for both doses vs. placebo). At Week 24, 
these changes were -1.70 in sarilumab 
150 mg, -1.56 in sarilumab 200 mg and 
-0.34 in placebo groups (p<0.0001 for 
both doses vs. placebo) (Fig. 5, Suppl. 
Table S1). 

Effect of sarilumab treatment on pain
There were no notable differences be-
tween the LSM changes of pain-VAS 
from baseline between the 2 treatment 
groups (Suppl. Table S2). Patients with 
anaemia at baseline receiving sarilum-
ab 150 mg and 200 mg had improve-
ments over placebo from Week 8. This 

improvement was maintained through 
Week 24 (LSM change -35.13, -34.09, 
and -9.36, respectively; p<0.0001 for 
each dose vs. placebo) (Fig. 6A); see 
Supplementary Table S1 for absolute 
values.
As for other parameters, the improve-
ment in pain-VAS scores was more 
evident in patients with anaemia at 
baseline, compared with those without 
anaemia. In patients without anaemia 
at baseline, LSM pain VAS scores were 
similar between treatment groups but 
became notably different compared 
with placebo from Week 4 and Week 
12 for sarilumab 200 mg and 150 mg, 

Fig. 5. Least squares mean change from baseline in CRP levels in patients with anaemia (A) and without anaemia (B) at baseline - mITT population.
*nominal p<0.05, **nominal p<0.01, ***nominal p<0.001 vs. placeboa. 
aType III sum of squares MMRM with PROC MIXED assuming an unstructured covariance structure: model = baseline, treatment, prior biologic use (Yes, 
No), weight at screening (<55 kg, ≥55 kg), visit, and treatment-by-visit interaction.
CRP: C-reactive protein; LSM: least squares mean; mITT: modified intent-to-treat; MMRM: mixed model repeated measures; MTX: methotrexate; q2w: 
every 2 weeks.

Fig. 6. Least squares mean change from baseline in pain-VAS score in patients with anaemia (A) and without anaemia (B) at baseline - mITT population.
*nominal p<0.05, **nominal p<0.01, ***nominal p<0.001 vs. placeboa. 
aType III sum of squares MMRM with PROC MIXED assuming an unstructured covariance structure: model = baseline, treatment, prior biologic use (Yes, 
No), weight at screening (<55 kg, ≥55 kg), visit, and treatment-by-visit interaction.
LSM: least squares mean; mITT: modified intent-to-treat; MMRM: mixed model repeated measures; MTX: methotrexate; q2w: every 2 weeks; VAS: visual 
analogue scale.
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Table III. Number (%) of patients with TEAE(s) >3% at Week 52 subgroup by WHO defined anaemia criteria at baseline according to 
MedDRA system organ class and preferred terms.

		 Placebo + MTX (n=81)	 Sarilumab 150 mg (n=81)	 Sarilumab 200 mg (n=80)	 Total (n=242)	

Primary System Organ Class	 Low Hb	 Normal Hb	 Low Hb	 Normal Hb	 Low Hb	 Normal Hb	 Low Hb	 Normal Hb
Preferred Term	 (n=40)	  (n=41)	 (n=36)	  (n=45)	 (n=43)	  (n=37)	 (n=119)	 (n=123)

Any class	 30 	(75.0)	 28 	(68.3)	 33	 (91.7)	 43	 (95.6)	 36	 (83.7)	 35	 (94.6)	 99	 (83.2)	 106	 (86.2)
	Infections and infestations	 16 	(40.0)	 19 	(46.3)	 20	 (55.6)	 35	 (77.8)	 22	 (51.2)	 20	 (54.1)	 58	 (48.7)	 74	 (60.2)
   Nasopharyngitis	 11 	(27.5)	 9 	(22.0)	 9	 (25.0)	 18	 (40.0)	 12	 (27.9)	 11	 (29.7)	 32	 (26.9)	 38	 (30.9)
    Upper respiratory tract infection	 2	 (5.0)	 2 	(4.9)	 2	 (5.6)	 6	 (13.3)	 3	 (7.0)	 4	 (10.8)	 7	 (5.9)	 12	 (9.8)
   Gastroenteritis	 0		  1 	(2.4)	 2	 (5.6)	 0		  3	 (7.0)	 3	 (8.1)	 5	 (4.2)	 4	 (3.3)
   Cystitis	 0		  1	 (2.4)	 1	 (2.8)	 4	 (8.9)	 1	 (2.3)	 0		  2	 (1.7)	 5	 (4.1)
   Pharyngitis	 1	 (2.5)	 1	 (2.4)	 2	 (5.6)	 2	 (4.4)	 1	 (2.3)	 1	 (2.7)	 4	 (3.4)	 4	 (3.3)
   Bronchitis	 0		  2 	(4.9)	 1	 (2.8)	 3	 (6.7)	 0		  1	 (2.7)	 1	 (0.8)	 6	 (4.9)
   Cellulitis	 0		  0		  2	 (5.6)	 1	 (2.2)	 1	 (2.3)	 0		  3	 (2.5)	 1	 (0.8)
   Herpes zoster	 1	 (2.5)	 0		  1	 (2.8)	 2	 (4.4)	 1	 (2.3)	 0		  3	 (2.5)	 2	 (1.6)
   Periodontitis	 1	 (2.5)	 0		  1	 (2.8)	 3	 (6.7)	 0		  0		  2	 (1.7)	 3	 (2.4)
   Conjunctivitis	 0		  0		  0		  3	 (6.7)	 0		  0		  0		  3	 (2.4)
   Influenza	 0		  2 	(4.9)	 0		  1 	 (2.2)	 2 	(4.7)	 0		  2 	(1.7)	 3 	(2.4)
   Oral herpes	 2	 (5.0)	 2	 (4.9)	 0		  0		  2	 (4.7)	 0		  4	 (3.4)	 2	 (1.6)
   Pyelonephritis	 0		  1	 (2.4)	 0		  2	 (4.4)	 0		  0		  0		  3	 (2.4)
   Tinea pedis	 0		  2	 (4.9)	 1	 (2.8)	 1	 (2.2)	 0		  0		  1	 (0.8)	 3	 (2.4)
Blood and lymphatic system 	 4	 (10.0)	 1	 (2.4)	 6	 (16.7)	 9	 (20.0)	 10	 (23.3)	 3	 (8.1)	 20	 (16.8)	 13	 (10.6)
disorders	
   Neutropenia	 2	 (5.0)	 1	 (2.4)	 4	 (11.1)	 6	 (13.3)	 7 	(16.3)	 2	 (5.4)	 13	 (10.9)	 9	 (7.3)
   Thrombocytopenia	 0		  0		  1	 (2.8)	 2	 (4.4)	 2	 (4.7)	 1	 (2.7)	 3	 (2.5)	 3	 (2.4)
   Iron deficiency anaemia	 0		  0		  1	 (2.8)	 0		  2	 (4.7)	 0		  3	 (2.5)	 0
   Leukopenia	 2	 (5.0)	 0		  0		  2	 (4.4)	 1	 (2.3)	 0		  3	 (2.5)	 2	 (1.6)
Metabolism and nutrition 	 2	 (5.0)	 1	 (2.4)	 2	 (5.6)	 2	 (4.4)	 1	 (2.3)	 2	 (5.4)	 5	 (4.2)	 5	 (4.1)
disorders	
   Hyperlipidaemia	 0		  0		  0		  0		  0		  2	 (5.4)	 0		  2	 (1.6)
Psychiatric disorders	 2	 (5.0)	 0		  0		  3	 (6.7)	 1	 (2.3)	 2	 (5.4)	 3	 (2.5)	 5	 (4.1)
   Insomnia	 1	 (2.5)	 0		  0		  2	 (4.4)	 1	 (2.3)	 2	 (5.4)	 2	 (1.7)	 4	 (3.3)
Nervous system disorders	 5	 (12.5)	 2	 (4.9)	 1	 (2.8)	 5	 (11.1)	 4	 (9.3)	 5	 (13.5)	 10	 (8.4)	 12	 (9.8)
   Headache	 2	 (5.0)	 1	 (2.4)	 1	 (2.8)	 0		  1	 (2.3)	 2	 (5.4)	 4	 (3.4)	 3	 (2.4)
   Dizziness	 2	 (5.0)	 1	 (2.4)	 0		  0		  1	 (2.3)	 2	 (5.4)	 3	 (2.5)	 3	 (2.4)
   Sciatica	 0		  0		  0		  2	 (4.4)	 1	 (2.3)	 0		  1	 (0.8)	 2	 (1.6)
	Vascular disorders	 1	 (2.5)	 0		  1	 (2.8)	 4	 (8.9)	 3	 (7.0)	 2	 (5.4)	 5	 (4.2)	 6	 (4.9)
   Hypertension	 0		  0		  1	 (2.8)	 3	 (6.7)	 3	 (7.0)	 2	 (5.4)	 4	 (3.4)	 5	 (4.1)
Gastrointestinal disorders	 11	 (27.5)	 6	 (14.6)	 9	 (25.0)	 10	 (22.2)	 14	 (32.6)	 11	 (29.7)	 34	 (28.6)	 27	 (22.0)
   Stomatitis	 3	 (7.5)	 2	 (4.9)	 3	 (8.3)	 3	 (6.7)	 4	 (9.3)	 4	 (10.8)	 10	 (8.4)	 9	 (7.3)
   Abdominal pain upper	 1	 (2.5)	 0		  0		  1	 (2.2)	 4	 (9.3)	 0		  5	 (4.2)	 1	  (0.8)
   Dental caries	 1	 (2.5)	 2	 (4.9)	 1	 (2.8)	 1	 (2.2)	 3	 (7.0)	 0		  5	 (4.2)	 3	 (2.4)
   Diarrhoea	 1	 (2.5)	 1	 (2.4)	 0		  2	 (4.4)	 0		  2	 (5.4)	 1	 (0.8)	 5	 (4.1)
   Nausea	 1	 (2.5)	 0		  0		  0		  2	 (4.7)	 2	 (5.4)	 3	 (2.5)	 2	 (1.6)
   Gastroesophageal reflux disease	 0		  1	 (2.4)	 0		  0		  2	 (4.7)	 1	 (2.7)	 2	 (1.7)	 2	 (1.6)
	Hepatobiliary disorders	 4	 (10.0)	 3	 (7.3)	 3	 (8.3)	 8	 (17.8)	 7	 (16.3)	 3	 (8.1)	 14	 (11.8)	 14	 (11.4)
   Hepatic function abnormal	 2	 (5.0)	 2	 (4.9)	 2	 (5.6)	 6	 (13.3)	 5	 (11.6)	 2	 (5.4)	 9	 (7.6)	 10	 (8.1)
   Hepatic steatosis	 1	 (2.5)	 1	 (2.4)	 0		  0		  2	 (4.7)	 0		  3	 (2.5)	 1	 (0.8)
	Skin and subcutaneous tissue 	 4	 (10.0)	 5	 (12.2)	 10	 (27.8)	 15	 (33.3)	 10	 (23.3)	 9	 (24.3)	 24	 (20.2)	 29	 (23.6)
disorders	
   Eczema	 2	 (5.0)	 0		  5	 (13.9)	 2	 (4.4)	 3	 (7.0)	 1	 (2.7)	 10	 (8.4)	 3	 (2.4)
   Rash	 0		  0		  0		  4	 (8.9)	 2	 (4.7)	 2	 (5.4)	 2	 (1.7)	 6	 (4.9)
   Dermatitis contact	 1	 (2.5)	 2	 (4.9)	 0		  1	 (2.2)	 0		  3	 (8.1)	 1	 (0.8)	 6	 (4.9)
   Ingrowing nail	 0		  2	 (4.9)	 1	 (2.8)	 1	 (2.2)	 0		  0		  1	 (0.8)	 3	 (2.4)
   Rash pruritic	 0		  0		  0		  0		  0		  2	 (5.4)	 0		  2	 (1.6)
Musculoskeletal and 	 6	 (15.0)	 5	 (12.2)	 3	 (8.3)	 7	 (15.6)	 4	 (9.3)	 5	 (13.5)	 13	 (10.9)	 17	  13.8)
connective tissue disorders	
   Rheumatoid arthritis	 3	 (7.5)	 1	 (2.4)	 1	 (2.8)	 1	 (2.2)	 1	 (2.3)	 3	 (8.1)	 5	 (4.2)	 5	 (4.1)
   Myalgia	 0		  0		  0		  2	 (4.4)	 0		  0		  0		  2	 (1.6)
	General disorders and 	 3	 (7.5)	 1	 (2.4)	 6	 (16.7)	 10	 (22.2)	 9	 (20.9)	 6	 (16.2)	 18	 (15.1)	 17	 (13.8)
administration site conditions	
   Injection site erythema	 1	 (2.5)	 0		  3	 (8.3)	 5	 (11.1)	 4	 (9.3)	 3	 (8.1)	 8	 (6.7)	 8	 (6.5)
   Injection site pruritus	 1	 (2.5)	 0		  2	 (5.6)	 3	 (6.7)	 2	 (4.7)	 2	 (5.4)	 5	 (4.2)	 5	 (4.1)
   Fatigue	 1	 (2.5)	 0		  1	 (2.8)	 1	 (2.2)	 2	 (4.7)	 0		  4	 (3.4)	 1	 (0.8)
   Injection site rash	 0		  0		  3	 (8.3)	 0		  0		  0		  3	 (2.5)	 0
   Injection site swelling	 0		  0		  0		  2	 (4.4)	 0		  0		  0		  2	 (1.6)
Investigations	 6	 (15.0)	 3	 (7.3)	 5	 (13.9)	 9	 (20.0)	 9	 (20.9)	 5	 (13.5)	 20	 (16.8)	 17	 (13.8)
   Alanine aminotransferase 	 3	 (7.5)	 3	 (7.3)	 1	 (2.8)	 6	 (13.3)	 3	 (7.0)	 1	 (2.7)	 7	 (5.9)	 10	 (8.1)
   increased	
   White blood cell count 	 0		  0		  1	 (2.8)	 3	 (6.7)	 1	 (2.3)	 1	 (2.7)	 2	 (1.7)	 4	 (3.3)
   decreased	
   Aspartate aminotransferase 	 1	 (2.5)	 0		  0		  4	 (8.9)	 0		  0		  1	 (0.8)	 4	 (3.3)
   increased	
   Neutrophil count decreased	 1	 (2.5)	 0		  2	 (5.6)	 0		  0		  0		  3	 (2.5)	 0
	Injury, poisoning and 	 3	 (7.5)	 4	 (9.8)	 7	 (19.4)	 9	 (20.0)	 2	 (4.7)	 5	 (13.5)	 12	 (10.1)	 18	 (14.6)
procedural complications	
   Skin abrasion	 0		  0		  2	 (5.6)	 2	 (4.4)	 0		  0		  2	 (1.7)	 2	 (1.6)
   Contusion	 1	 (2.5)	 0		  0		  2	 (4.4)	 0		  1	 (2.7)	 1	 (0.8)	 3	 (2.4)
   Fjll	 0		  0		  0		  3	 (6.7)	 0		  0		  0		  3	 (2.4)

MedDRA: Medical Dictionary for Regulatory Activities; Hb: haemoglobin; MTX, methotrexate; TEAE: treatment emergent adverse event; WHO: World Health Organization.
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respectively (Suppl. Table S1). At 
Week 16, in patients without anaemia 
at baseline, the LSM change in sari-
lumab 150 mg, sarilumab 200 mg and 
placebo was -27.44, -26.42, and -9.08, 
respectively (for 150 mg, p<0.0001 
vs. placebo; for 200 mg, p=0.0005 vs. 
placebo) and at Week 24 was -31.92, 
-27.56, and -12.46, respectively (for 
150 mg, p=0.0002 vs. placebo; for 200 
mg, p=0.0059 vs. placebo) (Fig. 6); 
refer to Supplementary Table S1 for 
LSM values.

Interaction between haemoglobin 
change in sarilumab efficacy
In this post-hoc analysis, except some 
associations between CRP and haemo-
globin change for the sarilumab 200 
mg group, there were no meaningful 
correlations with LSM changes from 
baseline in haemoglobin and LSM 
changes from baseline in disease activ-
ity measures at Week 16 and Week 24 
in the treatment groups (Suppl. Table 
S3). A subgroup analysis of patients 
by baseline anaemia status found that 
in patients with anaemia at baseline, 
change in haemoglobin from baseline 
was associated with CRP levels for 
sarilumab 200 mg (corelation coef-
ficient: -0.35, p=0.0483 at Week 24) 
(Suppl. Table S3). However, no such 
correlation was present in patients 
without anaemia at baseline.

Safety
In the placebo group, all treatment 
emergent adverse events (TEAEs), 
of all types, were reported in 75.0% 
(30/40) and 68.3% (28/41) of patients 
with and without anaemia at baseline, 
respectively (Table III). The incidence 
of TEAEs was higher in the active 
treatment groups, but there were no no-
table differences between patients with 
and without anaemia, respectively, at 
91.7% (33/36) and 95.6% (43/45) for 
the sarilumab 150 mg group and 83.7% 
(36/43) and 94.6% (35/37) for the sari-
lumab 200 mg group. 
Serious adverse events in the active treat-
ment arms (data not shown) occurred 
for 11.4% (9/79) and 17.1% (14/82) of 
patients with and without anaemia at 
baseline compared with 7.5% (3/40) and 
9.8% (4/41) in the placebo group. There 

were no serious adverse events that af-
fected more than one patient.

Discussion
In this post-hoc analysis of the KAKE-
HASI study, both doses of sarilumab 
showed beneficial effects on hae-
moglobin levels and disease activity 
compared with placebo in Japanese 
patients with active RA and anaemia 
at baseline. Nearly half of the patients 
had anaemia at baseline, which was 
higher than the proportion of patients 
with anaemia in a phase III, multicen-
tre, MOBILITY study (with 52 weeks 
of treatment, 4 weeks of screening and 
6 weeks of follow-up) in patients with 
moderate-to-severe RA (49% vs. 35%, 
respectively) (21, 22). 
An improvement in haemoglobin level 
was demonstrated by both doses of 
sarilumab in this post-hoc analysis, 
among patients with RA from Week 
2 and was consistent up to Week 24. 
Notably, for patients without anaemia 
at baseline, differences in LSM haemo-
globin from placebo were found earlier 
for the sarilumab 200 mg than for the 
sarilumab 150 mg group (Week 2 vs. 
Week 10). However, among patients 
with anaemia at baseline, significant 
to notable differences in LSM haemo-
globin from placebo were observed at 
Week 8 for both treatment groups.  
Approximately 10% of the patients in 
the treatment groups were considered 
to have inadequate response (i.e. <20% 
improvement from baseline on 2 con-
secutive visits at least 4 weeks apart) 
in tender or swollen joint counts) com-
pared with approximately a quarter of 
patients in the placebo group. Patients 
with anaemia at baseline had a greater 
increase in haemoglobin levels over 
time, than those without anaemia. 
These results are in line with those 
from the MONARCH study, wherein 
treatment with sarilumab resulted in a 
larger increase in haemoglobin levels, 
compared with adalimumab at Weeks 
12 and 24 (p<0.001, for both) (18). 
Changes in DAS28-CRP scores were 
also greater among patients with anae-
mia at baseline, although this reflected 
an improvement of the absolute values 
to be similar to those of patients without 
anaemia. Notably, LSM changes in CRP 

and VAS-pain scores among patients 
without anaemia at baseline tended to 
become apparent earlier for patients 
receiving sarilumab 200 mg than those 
receiving 150 mg sarilumab. However, 
improvements in RA disease activity 
observed in patients with and without 
anaemia receiving both doses of sari-
lumab were clinically meaningful and 
included improvements at Weeks 16 
and 24 in DAS28-CRP, CRP and CDAI, 
and pain-VAS. This was consistent with 
the results from a post-hoc analysis of 
the MONARCH study (18, 21). In the 
KAKEHASI study, changes in haemo-
globin levels had no correlation with 
changes in disease activities in patients 
receiving sarilumab treatment, these re-
sults were consistent with findings from 
the global MONARCH study (18). In 
the current study, among patients with 
anaemia at baseline, an improvement 
in haemoglobin was associated with 
decreases in CRP levels. However, no 
such correlation was present in patients 
without anaemia at baseline.
Improvement of anaemia after biologic 
therapies, such as tocilizumab or TNFα 
inhibitors, has been reported in previ-
ous studies of patients with RA (10, 23, 
24). In a cohort of 147 patients with RA 
enrolled in the Kyoto University Hospi-
tal, Japan, the increase in haemoglobin 
levels was greater in the tocilizumab 
group than the non-tocilizumab groups 
(1.1 g/dL in the TCZ group vs. 0.3 g/dL 
in the non-TCZ group, p = 0.009) (10). 
Furthermore, in that study increased 
haemoglobin levels were associated 
with improvements in CDAI scores 
and CRP levels (p=0.01 and <0.001, re-
spectively) (10). These results suggest 
the central role of IL-6 in patients with 
RA and anaemia. Similarly, in another 
study, patients with RA were treated 
with tocilizumab or TNF inhibitors 
for 16 weeks (6); wherein, anaemia at 
baseline was present in 66% of patients. 
Significant improvements in anaemia 
and disease activity, and reductions 
in serum hepcidin-25 levels (p<0.01) 
were observed within 2 weeks in both 
groups, and these effects were more 
pronounced in the tocilizumab group 
than in the TNF-α inhibitors group. 
These results further emphasise that 
IL-6 inhibitors could better improve 
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haematologic parameters, serum iron, 
and ferritin levels in patients with RA as 
compared with the effect of TNF-α in-
hibitors (6). In another post-hoc analy-
sis of the MEASURE study, increase in 
haemoglobin levels and early reduction 
in CRP were observed in association 
with tocilizumab treatment in patients 
with RA (n=70) (11). Haemoglobin lev-
els increased by Week 4 and increased 
further to Week 12, reaching a plateau 
by Week 24 (11). These results are 
similar to our post-hoc analysis where 
an increase in haemoglobin levels was 
reported from Week 2 and maintained 
up to Week 24.
The results of the current post-hoc 
analysis are consistent with a previous 
small study (18 patients with RA who 
were receiving adalimumab 40 mg fort-
nightly), which improved with adali-
mumab at Week 12 (p=0.013) and this 
was sustained until Week 24 (25). 
In the post-hoc analysis of the MON-
ARCH study, reductions in hepcidin 
and ferritin were observed at Week 2 
with both sarilumab and adalimumab 
(26). The increase in iron and total iron 
binding capacity from baseline to Week 
2 correlated with an increase in haemo-
globin at Weeks 2–24 in the sarilumab 
group compared with the adalimumab 
group (p<0.01 vs. adalimumab) (26). 
Thus, sarilumab may be exerting direct 
effects on iron metabolism, possibly via 
decreasing hepcidin levels, as support-
ed by the lack of correlation between 
haemoglobin levels and disease activity 
(27). 
There are some limitations to the study 
findings. First, this was a post-hoc anal-
ysis conducted in Japanese patients, 
well-defined according to inclusion and 
exclusion criteria of the study; there-
fore, additional analyses are required 
to further understand the effect of sari-
lumab treatment on haematological 
changes in a wider population of pa-
tients with RA. Second, due to the lack 
of data on markers of iron status (serum 
iron, ferritin, and transferrin), hepcidin 
or erythropoietin, the mechanism of 
anaemia could not be assessed in this 
study population. Third, the KAKE-
HASI was a 52-week study; however, 
this post-hoc analysis focused on the 
results up to Week 24 as the treatment 

period with comparison to placebo at 
24 weeks; hence, further exploration of 
more frequent and/or later timepoints 
may provide a more complete picture 
of haematological changes following 
treatment with sarilumab. 
Conclusion
In Japanese patients with RA, treatment 
with 150 mg or 200 mg of sarilumab 
q2w was associated with a greater im-
provement in haemoglobin levels and 
reduction in the proportion of patients 
with anaemia, compared with place-
bo. Sarilumab also improved disease 
activity in patients with anaemia to a 
similar level to that of patients without 
anaemia. The results of this study sug-
gest that sarilumab may be a suitable 
treatment choice for patients with RA, 
especially those with anaemia, which 
may be more common in Japanese 
than in non-Japanese patients (21, 22). 
However, further studies are needed to 
confirm these findings.
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