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ABSTRACT

Objectives: This study aims to determine whether baseline body mass index (BMI) affects clinical response to tocilizumab (TCZ) after six months of
treatment in rheumatoid arthritis (RA) patients.

Patients and methods: In this prospective study, a total of 52 RA patients (10 males, 42 females; mean age 50.6+12.2 years; range, 23 to 73 years)
receiving intravenous TCZ were consecutively recruited and followed-up for six months. BMI was calculated before initiation of TCZ treatment.
The primary clinical response criterion was clinical disease activity index (CDAI) low disease activity (LDA) and the secondary clinical response
criteria included CDAI remission, disease activity score based on 28 joints (DAS28)-erythrocyte sedimentation rate (ESR) LDA, DAS28-ESR remission,
European League Against Rheumatism (EULAR) good response, and decreased DAS28-ESR (ADAS28-ESR)>1.2.

Results: The number of RA patients classified as normal weight, overweight, and obese according to baseline BMI was 38 (73.1%), eight (15.4%), and
six (11.5%), respectively. Similar baseline BMI median levels were found between RA patients reaching CDAI LDA and non-LDA: 21.11 (18.94-23.72)
versus 20.78 (20.03-22.29) (p=0.98), and non-significant difference in the proportion of responders between normal weight and overweight/obese
RA patients was found (p=0.47). No significant difference was found when the secondary clinical response criteria were applied.

Conclusion: Our study demonstrates that BMI is not associated with clinical response to TCZ among RA patients and TCZ may be used to treat RA
patients regardless of BMI levels.
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Rheumatoid arthritis (RA) is a progressive,
chronic, and relatively common autoimmune
disease which is characterized by synovitis and
the production of auto-antibodies.! During the
past decade, some innovative discoveries have
been made in the pathogenic mechanism of RA,
leading to the development of more and more
novel biological disease-modifying anti-rheumatic
drugs (bDMARDs). Currently approved bDMARDs
for RA treatment include tumor necrosis factor-
alpha (TNF-o) inhibitor, T-cell co-stimulation

inhibitor, B-cell depletion and interleukin-6 (IL-6)
receptor inhibitor, which have greatly improved
the prognosis of RA patients.?

Tocilizumab (TCZ) is a recombinant humanized
anti-IL-6 receptor monoclonal antibody which
blocks the biological functions of IL-6 from
binding to its soluble and membrane-bound IL-6
receptor, which has been recommended as a first-
line bDMARD for RA patients.3* However, not all
RA patients could achieve treatment target under
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TCZ treatment, indicating a significant proportion
of RA patients who do not respond well to TCZ.
Thus, identifying predictors of clinical response to
TCZ would improve care in selecting patients who
would be able to respond well.

Recently, the relationship between body mass
index (BMI) and clinical response to bDMARDs
in RA patients has attracted extensive attention.
The rational for investigating the effect of obesity/
overweight on clinical response to bDMARD:s is
as follows: First, RA is a progressive disease.
If disease activity is not controlled, irreversible
damage would ensure. Second, the cost of
bDMARD:s is relatively high and adverse events
might occur during treatment. Since several
types of bDMARDs are available, if obese/
overweight RA patients do not respond well to
some bDMARDs, the other bDMARDs may be
selected in advance. Finally, pharmacokinetic
variables such as drug clearance and volume of
distribution may be influenced by overweight
and obesity. The available studies indicate that
BMI might hold the potential to guide the
personalized treatment for infliximab (IFX), a
TNF-o inhibitor.6® Whether BMI may also be
used to guide the personalized treatment of
other bDMARDs, particularly for TCZ, is of
great interest, due to the relationship between
IL-6 and obesity. It has been suggested that
IL-6 could exert significant effect on weight
status.!''13 Spontaneous obesity could develop
in mice lacking IL-6 gene,'? and weight gain
was noted among a proportion of RA patients
treated by TCZ.1'13 In addition, IL-6 could be
produced by adipose tissue or up-regulated by
adipokines.!* Thus, it is reasonable to speculate
if BMI influences the clinical response to TCZ.

So far, only three studies have been performed
to evaluate whether baseline BMI accounts
for the inter-individual variance of clinical
response to TCZ among RA patients, whereas
non-significant evidence was found.!!>1¢ Since
sampling error is inevitable, the same topic
should be evaluated multiple times to reach a
more reliable conclusion. Moreover, the results
of studies mainly depend on the characteristics
of patients included. Therefore, in this study,
we aimed to determine whether baseline BMI
affects clinical response to TCZ after six months
of treatment in RA patients.

PATIENTS AND METHODS

In this single-center prospective cohort study,
a total of 52 RA patients (10 males, 42 females;
mean age 50.6+12.2 years; range, 23 to 73 years)
receiving TCZ were consecutively recruited and
followed-up for six months at the department
of rheumatology, Ningbo First Hospital between
November 2013 and February 2017. All RA
patients were diagnosed according to American
Rheumatism Association 1987 revised criteria for
the classification of RA or the 2010 American
College of Rheumatology/European League
Against Rheumatism (EULAR) criteria for RA.18
TCZ was given intravenously every four weeks at
a usual dose of 8 mg/kg, following corresponding
recommendations.’® Increased or decreased
doses of prednisone and conventional DMARDs
(cDMARDs) were allowed at the discretion of
the physician. The study protocol was approved
by the Ningbo First Hospital Ethics Committee
(Approval date: December 10t 2018). A oral
informed consent was obtained from each patient.
The study was conducted in accordance with the
principles of the Declaration of Helsinki.

The following data were collected at the start
of TCZ treatment: age, sex, height, weight,
disease duration, anti-cyclic citrullinated peptide
antibody and rheumatoid factor status, health
assessment questionnaire (HAQ) score, details
of prior and concomitant use of cDMARDs and
bDMARDs, and concomitant use of prednisone
and corresponding doses. Additionally, values of
the following variables were collected at baseline
and month six: tender joint count and swollen
joint count in 28 joints, patient global assessment
and physician global assessment on visual analog
scale (0-100 mm), and erythrocyte sedimentation
rate (ESR). The disease activity score based
on 28 joints (DAS28)-ESR and clinical disease
activity index (CDAI) were calculated according
to corresponding formulas.?%?! BMI was obtained
by dividing weight in kilograms by the square
of height in meters and was classified into three
groups for Asian adults: normal (BMI<23.0 kg/m?),
overweight (23.0 kg/m?<BMI<25.0 kg/m?), and
obese (BMI=25 kg/m?).2?

The clinical response to TCZ was evaluated
after six months. Since the acute phase reactants
(such as ESR and CRP) were remarkably
inhibited by TCZ, CDAI was suggested to be
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much more appropriate to evaluate the clinical
response to TCZ compared with DAS28-ESR .23
Therefore, the primary clinical response criterion
was CDAI low disease activity (LDA), which
was defined as a CDAI<10.0. The secondary
clinical response criteria included CDAI remission
(CDAI<2.8), DAS28-ESR LDA (DAS28-ESR<3.2),
DAS28-ESR  remission (DAS28-ESR<2.6),
EULAR good response, and decreased DAS28
(ADAS28-ESR)>1.2. The EULAR good response
was defined as a ADAS28-ESR>1.2 and LDA
(DAS28-ESR<3.2).24

Statistical analysis

Quantitative variables were expressed
as mean (standard deviation) or median
(interquartile range, IQR) according to the
distribution of variable whether conformed to
normal distribution. Categorical variables were
expressed as absolute number and percentage
(%). Student’s t-test and Mann-Whitney U test
were employed for quantitative variables, and
chi-square test or Fisher’s exact test was applied
for categorical variables. Regarding patients
who withdrew before month six and in cases of
missing data, the last observation carried forward
method was applied. The relationship between
BMI and clinical response to TCZ was assessed
adopting the following two ways: the median
level of BMI was compared between responders
and non-responders, and the proportion of
responders was compared between different BMI
groups. All analysis was performed with PASW
Statistics 18.0 software (SPSS, Inc., Chicago,
IL, USA) and a two-tailed p value less than 0.05
was considered statistically significant.

RESULTS

Among the 52 RA patients, 38 were
bDMARDs-naive (73.1%). Fifty-one patients
(98.1%) received concomitant cDMARDs and
45 patients (86.5%) received concomitant
prednisolone. The number of RA patients
classified as normal weight, overweight, and
obese according to BMI was 38 (73.1%), eight
(15.4%), and six (11.5%), respectively. The BMI
median (IQR) for these RA patients was 20.81
(19.15-23.61) kg/m?. Since the number of
overweight and obese RA patients was relatively
small, these two groups were combined. At the
end of the six-month follow-up period, six
patients discontinued the treatment: four due
to lack of efficacy, one due to adverse events,
and the other one due to economic reasons.
As shown in Table 1, no significant evidence
was found in the difference for baseline
characteristics between normal weight and
overweight/obese RA patients except for sex
composition. Since non-significant difference
was found in clinical response according to all
assessment criteria used between males and
females (all p>0.05), sex was not adjusted in the
following analysis.

After six months of TCZ therapy, the
number of RA patients achieving CDAI LDA
was 39 (75.0%). As shown in Table 2, similar
baseline BMI median levels were found between
RA patients reaching CDAI LDA and non-LDA:
21.11 (18.94-23.72) versus 20.78 (20.03-22.29)
(p=0.98). In addition, the number of RA patients
reaching CDAI LDA among normal weight and
overweight/obese RA patients was 27 (71.1%)
and 12 (85.7%), respectively (Table 3). However,

Table 2. Body mass index level between responders and non-responders according to different clinical response
criteria
Responders Non-responders

Median IQR Median IQR Z P
CDAI, LDA 21.11 18.94-23.72 20.78 20.03-22.29 0.02 0.98
CDAI remission 21.10 18.84-23.68 20.81 19.15-22.69 0.05 0.96
DAS28-ESR, LDA 20.83 19.29-23.72 20.42 18.78-22.29 0.78 0.43
DAS28-ESR remission 20.83 19.29-23.72 20.42 18.86-22.29 0.71 0.48
EULAR good response 20.83 19.29-23.72 20.42 18.78-22.29 0.78 0.43
ADAS28-ESR 21.2 20.78 19.22-23.70 21.11 18.37-22.31 0.62 0.54
IQR: Interquartile range; CDAI: Clinical disease activity index; LDA: Low disease activity; DAS28: Disease activity score in 28 joints; ESR: Erythrocyte sedi-
mentation rate; EULAR: European League Against Rheumatism.
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Table 3. Proportion of responders among normal weight and overweight/obese rheumatoid arthritis patients
according to different clinical response criteria

Body mass index <23.0 Body mass index 223.0
Groups n % n % Z p
CDAI LDA
Responders 27 71.1 12 85.7 NA 0.47*
Non-responders 11 28.9 2 14.3
CDAI remission
Responders 12 31.6 6 42.9 NA 0.52*
Non-responders 26 68.4 57.1
DAS28-ESR LDA
Responders 21 55.3 10 714 111 0.29
Non-responders 17 447 4 28.6
DAS28-ESR remission
Responders 18 474 64.3 117 0.28
Non-responders 20 52.6 5 15.7
EULAR good response
Responders 21 55.3 10 71.4 1.11 0.29
Non-responders 17 44.7 4 28.6
ADAS28-ESR >1.2
Responders 32 84.2 13 92.9 NA 0.66*
Non-responders 6 15.8 1 7.1
CDAL: Clinical disease activity index; LDA: Low disease activity; DAS28: Disease activity score in 28 joints; ESR: Erythrocyte sedimentation rate; EULAR:
European League Against Rheumatism; NA: Not applicable; * P value was derived from Fisher’s exact probability test.

non-significant evidence was found for difference
in the proportion of responders between these
two groups (p=0.47).

After six months of TCZ therapy, 18 patients
(34.6%) with RA reached CDAI remission.
When the baseline BMI median levels between
RA patients reaching CDAI remission and
non-remission was compared, non-significant
difference was detected: 21.10 (18.84-23.68)
versus 20.81 (19.15-22.69) (p=0.96) (Table 2).
Similarly, non-significant difference was found
in the proportion of patients achieving CDAI
remission between normal weight (31.6%) and
overweight/obese (42.9%) individuals (p=0.52)
(Table 3).

As shown in Tables 2 and 3, when the
other clinical response criteria (DAS28-ESR
LDA/DAS28-ESR remission/EULAR good
response/ADAS28-ESR>1.2) were applied, no
significant difference was found between BMI
and clinical response to TCZ after six months of
treatment.

DISCUSSION

Body mass index, a modifiable and easily
recognized factor, has been reported to be
associated with clinical response to IFX among
RA patients in several studies.®'® A clinically
important question is whether BMI at treatment
initiation also influences treatment response
to other bDMARDs other than IFX, thus we
conducted this study to determine the relationship
between baseline BMI and clinical response to
TCZ among RA patients using our prospective
cohort study data. Although multiple clinical
response criteria and different comparison
methods (quantitative and qualitative comparison)
have been utilized, non-significant evidence was
found and our results are in accordance with the
findings of previous studies.!!13

Body mass index, a simple and crude
anthropometric measure that provides a marker
of nutritional status, is usually applied to
determine overweight and obesity in daily clinical
practice and scientific research. Overweight
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and obesity are defined as the accumulation of
abnormal or excessive fat within the body, and
these conditions represent crucial risk factors
associated with a variety of human diseases.?®
In addition to providing vital space for energy
storage, adipose tissue may also be regarded as
an active endocrine organ and exert immune
effects via producing pro-inflammatory cytokines
and adipokines (the cytokines of adipocytes, such
as leptin, adiponectin, resistin, and visfatin).}
Although the exact role of adipose tissue in RA
remains unclear, emerging evidence suggests that
there is a strong link between obesity/overweight
and RA, and the relationships between obesity/
overweight and different aspects of RA including
the development, clinical parameters, and
radiographic joint damage have been extensively
examined.?® Although there have been conflicting
reports on the impact of obesity on the risk of
RA, the majority of studies indicate a positive
association, particularly in females, and a recent
systematic review and meta-analysis indicates
that overweight and obesity are significantly
associated with the development of RA, showing
that increased BMI could contribute to a higher risk
for RA development.?’ Similarly, the associations
of obesity/overweight with clinical parameters
(composite and individual disease activity
measures, pain scores, and health assessment
questionnaire scores) and radiographic joint
damage have also been controversial, and a
recent meta-analysis demonstrates that obesity is
associated with increased DAS28 and HAQ score
and with lower radiographic joint damage.?®

In addition to the association of
obesity/overweight with the development, clinical
parameters, and radiographic progression
damage of RA, the relationship between
obesity/overweight and clinical response to
available DMARDs, particularly bDMARDs,
has also attracted extensive attention. Initially,
one study involving 89 RA patients treated by
IFX intravenously found that baseline BMI was
highly and negatively associated with the absolute
decrease in the DAS28 after 16 weeks adjusted
for the baseline DAS28 or anti-citrullinated
protein antibody status.® Subsequently, several
studies have replicated the negative association
of BMI at initial treatment with clinical response
to IFX, RA patients with higher BMI having
decreased likelihood to achieve favorable clinical

response.’!? Intriguingly, one study performed by
Gremese et al.’” consisting of 641 patients with
longstanding RA patients treated by three types
of TNF-o inhibitors (adalimumab, etanercept,
and IFX) found that obese patients were less likely
to achieve remission compared with non-obese
patients when all these three types of TNF-a
inhibitors were considered. When data were
analyzed according to the type of TNF-a inhibitor
separately, significant evidence was only found
for IFX, and the results indicated that obesity was
particularly associated with clinical response to
IFX.

Based on the finding of RA patients with
higher BMI being less likely to respond well to
IFX, 610 it is natural to consider whether BMI
affects the clinical response to bDMARDSs other
than IFX. As a consequence, the association
between BMI and treatment response to abatacept
(ABA, T-cell co-stimulation inhibitor),1329-32
rituximab (B-cell depletion)®® and TCZ!1516 has
been analyzed; however, non-significant evidence
was found.

Tocilizumab is a recombinant humanized
anti-IL-6 receptor monoclonal antibody which
functions through blocking the biological effect
of IL-6. However, non-significant difference
was found in available studies.!'’>1¢ The first
study concerning the relationship between BMI
and treatment response to TCZ among RA
patients was a multicentric retrospective study
performed by Pers et al.,'' in which a total of
222 patients receiving TCZ were included.
However, non-significant difference was
found in clinical response to TCZ in terms of
EULAR response, DAS28 remission, and LDA
at month six between overweight/obese and
normal weight RA patients.!! Similarly, another
multicenter retrospective study conducted in
France, in which a total of 115 RA patients
receiving TCZ were included, did not detect
significant difference in treatment response
after six months between overweight/obese
and normal weight RA patients.!®> Furthermore,
a recent study performed in Korea included
68 RA patients treated by three types of
bDMARDs, in which the number of patients
treated by ABA, TCZ, and TNF-a inhibitor was
17, 24, and 27, respectively, and similar clinical
response to bDMARDs as a whole or by each
type was found between overweight/obese and
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normal weight RA patients.!® Taking our results
into account, it might be concluded that BMI
at initial treatment do not influence clinical
response to TCZ among RA patients. In other
words, TCZ may be an option for overweight/
obese RA patients compared with IFX. TCZ
is administrated intravenously according to
body weight and is a lipophilic drug that may
be injected subcutaneously, suggesting that
the pharmacokinetics of intravenous TCZ may
not be altered by adipose tissue.!® This might
account for the similar clinical response to TCZ
between overweight/obese and normal weight
RA patients.

Limitations of the present study should be
mentioned. First, since the patients with RA were
only recruited from our hospital and the majority
of the patients were females and bDMARDs-
naive, the selection bias was inevitable and the
generalizability of our study might be limited. In
addition, the sample size of this study is relatively
small and the false negative result observed
might be due to the relatively lower power
caused by our small sample size. However, this
might be due to the fact that the strength of
association between BMI and clinical response
might be weak, and the clinical value of BMI in
guiding personalized treatment of TCZ for RA
patients is limited. Nevertheless, the results of
our study need further confirmation in studies
with larger sample sizes.

In conclusion, data obtained from this
prospective study indicate that BMI is not
associated with clinical response to TCZ among
RA patients and TCZ may be used to treat RA
patients regardless of BMI levels.
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