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Purpose: To evaluate the association between body mass index (BMI) and tumor necrosis
factor a (TNF-a)) blockers retention in patients with rheumatoid arthritis (RA).

Patients and Methods: This prospective cohort study analyzed data about patients with
RA who initiated TNF blockers from the Israeli registry of inflammatory diseases from 2011
to 2019. Patients were grouped by BMI: normal (BMI <24.9 kg/m2), overweight (BMI 25—
29.9 kg/m2), obese (BMI 30-34.9 kg/m2) and morbid obese (BMI >35 kg/m2). Treatment
cessation due to inefficacy was defined as an “event” and therapy with a drug above 3
months was defined as a “course.” Kaplan—-Meier survival curve was used to describe drug
survival. Event-free survival was calculated using Cox regression with a hazard ratio and
confidence interval of 95%.

Results: The final analysis included 521 RA patients (80% females) treated with etanercept,
infliximab, adalimumab or golimumab. Eight hundred and eighteen treatment initiations were
included in the final analysis, 334 (41%) in the normal weight group, 261 (32%) in the
overweight, 144 (17%) in the obese and 79 (10%) in the morbid obesity group. Three
hundred and twenty-six (40%) treatment initiations were with etanercept, 215 (26%) with
adalimumab 197 (24%) with infliximab, and 80 (10%) with golimumab. BMI was inversely
associated with drug survival. Morbid obese patients were more likely to discontinue
treatment compared with normal weight patients HR 2.28 (95% CI 1.67-3.10, p<0.01).
This association remained significant for each drug type (except for golimumab) in
a subgroup analysis. Adalimumab switch rate was higher compared to etanercept with HR
=1.51 (95% CI 1.20-1.91, p<0.01), no other significant differences were noted between the
other drugs.

Conclusion: Morbid obese RA patients have lower TNF-a blocker retention compared to
normal weight patients.
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Introduction

Rheumatoid arthritis is an inflammatory autoimmune disease affecting predomi-
nantly the peripheral joints and may lead to destruction and deformity. RA patho-
genesis is complex and involves genetic and environmental factors that eventually
lead to a breakdown in the immune system balance and to a clinical disease.'
Environmental factors contributing to disease evolvement include mainly smoking®
and periodontal disease.’ Recently, the link between obesity and RA risk and other
aspects of the disease including response to therapy is gaining much interest.
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The association between obesity and systemic inflam-
mation is suggested by elevated inflammatory markers in
obese subjects without any inflammatory disease.* The
basal inflammatory state of obese subjects may serve as
a contributing factor for the increased risk developing RA.
A recent meta-analysis showed 13% higher risk (RR: 1.13;
95% CI: 1.01-1.26) developing RA for every 5 kg/m
increase in BMI.’

Several studies demonstrated a decreased response to
tumor necrosis factor a (TNF-a) in obese patients; this
correlation was demonstrated with non-weight dependent
drugs such as etanercept and adalimumab,® as well as for
weight-dependent drugs such as infliximab.”®

On the other hand, few studies reported a presumed
positive effect of elevated BMI in RA. Radiographic pro-
gression was shown to be decreased in overweight and
obese RA patients treated with golimumab,’ while
a paradoxical protective effect of increased BMI on mor-
tality in RA was reported as well.'” A recent meta-analysis
also reported about a lower radiographic progression in
obese RA patients, although obese RA patients had lower
quality of life and higher disease activity assessed by
DAS-28."

The data regarding the association between BMI and
TNF-a blockers retention in RA are sparse, and to our
knowledge only two studies addressed this important mat-
ter. A reduced retention of second line biologic (including
TNF-o blockers, rituximab, tocilizumab and abatacept)
after a failure of a first line TNF-a blockers was reported
to be lower in obese RA patients, while first-line TNF-a
blocker showed the same trend although insignificant.'?
Surprisingly, a recent study based on Veterans Affairs
administrative databases reported an opposite correlation
with a better drug survival (TNF-a blockers, MTX and
hydroxychloroquine) in obese (BMI 25-30) compared to
low (BMI<20 kg/m2) and normal BMI (25-30 kg/m2). No
difference in anti TNF- o blockers retention was demon-
strated between the morbid obese group (BMI>35) to the
other groups.'® Given the insufficient and conflicting data
regarding the association of BMI and multiple TNF-a
blocker retention, we tried to address this question thru
prospectively collected data of the Israeli registry of
inflammatory diseases.

Study objectives

The primary objective of this study was to evaluate the
association between BMI and TNF-a blocker retention in
patients with RA. The secondary endpoints were as

follows: 1) to compare whether there was a difference in
drug retention between the different TNF-o blockers in
relation to the BMI, and 2) to test the effect of additional
parameters, such as line of treatment, age, gender, smoking,
disease activity, sero-positivity (rheumatoid factor or anti-
CCP) and methotrexate (MTX) usage on drug retention.

Patients and Methods

This is a prospective cohort study that analyzed data col-
lected from six medical centers from the Israeli registry of
inflammatory diseases from 2011 to 2019. The study parti-
cipants fulfill ACR criteria for RA'* and signed an informed
consent form. The study complies with the Declaration of
Helsinki, and was approved by the locally appointed ethics
committee at Tel Aviv Sourasky (Ichilov) medical center
number 0332-10. Patients with active RA despite synthetic
disease modifying anti-rheumatic drug (sDMARD) therapy
that were treated with anti-TNF-a for at least 3 months
during 2011-2019 were included in this study. The biologic
drug was chosen by the treating rheumatologist according to
his medical decision. Dosage of the drugs was based on
recommendations in the marketing registrations. The Israeli
health system is public and all citizens are entitled to fully
funded medical therapies including biological treatments,
without any specific drug restriction.

Patients’ data are collected at the enrollment (baseline)
and every 6 months thereafter. The prospectively collected
data included patient demographics, BMI, and medical his-
tory that included disease duration, RF (rheumatic factor),
ACPA (anti-citrullinated peptide antibody) drug therapy
including type and dosage of sSDMARD (MTX was the
only sDMARD that was analyzed given the very low num-
bers of patients treated with other SDMARDS concomitantly
with biologics). ESR (erythrocyte sedimentation rate), CRP
(C-reactive protein) and disease activity scores including
ESR-DAS-28 and CRP-DAS28. The BMI was calculated
by weight in kilograms divided by square height at baseline.
The patients were grouped according to the WHO criteria
for the BMI as being normal (<24.9 kg/m2), overweight
(25-29.9 kg/m2), obese (=30-34.9 kg/m2), and morbid
obese (=35 kg/m2). The treatment duration was measured
from the initiation of infliximab, adalimumab, etanercept or
golimumab (cetrolizumab-pegol was not included due to
very low numbers of patients), and that period could be as
short as 3 months (patients with shorter treatment period was
excluded due to inability to refer the cessation to inefficacy)
and reach up to a maximum of 5 years (analysis was trun-
cated at maximal duration of 5 years of treatment). More
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than one drug course per patient was possible if a patient
was switched from one TNF-a blocker to another. The
treatment retention was defined as the number of patients
remaining on any treatment regimen at a predefined time-
point. The reasons for discontinuation included inefficacy,

side effects or any other reason.

Statistical Analysis

The BMI was defined as an independent variable. Length of
treatment with TNF-a blocker was defined as a dependent
variable. The Chi-square test was used to determine differ-
ences between patients based on their disease characteristics.
The correlation of BMI and drug survival was evaluated by
two methods. First Kaplan—-Meier curves were used to

describe drug cessation due to all reasons including

inefficacy, adverse events, pregnancy, etc. Second, the asso-
ciation between BMI and cessation solely due to inefficacy
was calculated using Cox regression with a Hazard Ratio
(HR) and Confidence Interval (CI) of 95%. For comparisons
between different drug retention, Cox regression with HR
and CI of 95% was used as well. Statistical significance was
set at P < 0.05. The analysis was truncated at 5 years for
each patient, assuming that limiting this period is the most
accurate assessment of drug survival by the avoidance of
outliers. The statistical software was SPSS version 20 for
Windows (IBM Corp., Armonk, NY).

Results
The demographic and clinical characteristics of the study
participants are presented in Table 1. The registry included

Table | Demographic and Clinical Characteristics of the Patients Stratified by Courses

Variables Total Normal BMI Overweight Obese Morbid Obese P value
Courses, n (%) 818(100) 334(41) 261(32) 144(18) 7909)
Patients, n (%) 521(100) 210(40) 168(32) 94(18) 49(10) <0.01
Mean age at diagnosis [years (SD)] 42(16) 38(17) 46(16) 46(16) 42(15) <0.01
Mean age at episode [years (SD)] 52(16) 51(16) 56(13) 58(13) 54(12) <0.01
Male gender [n (%)] 102(20) 38(18) 47(28) 9(10) 8(16) <0.01
Disease duration [years (SD)] 13(13) 13(13) LI 12(11) 13(12)
Smoking, n (%)
Never 400(49) 160(61) 130 (65) 69(59) 41(73) 0.36
Past 123(15) 48(19) 39 (19) 25(22) 11(20)
Current 112(14) 53(20) 33 (16) 22(19) 4(7)
Drug, n (%)
Etanercept 287(34) 122(38) 96(37) 41(28) 28(35) <0.01
Infliximab 284(34) 128(38) 81(31) 53(37) 22(28)
Adalimumab 149(17) 52(16) 54 (21) 32(22) 11(14)
Golimumab 44 (5) 16(5) 20(8) 7(5) 1(1)
Biologic line
First 487(60) 200(60) 160 (61) 87(60) 40(51) 0.39
Second + 331(40) 134(40) 101 (39) 57(40) 39(49)
MTX, n (%)
No 162(20) 75(22) 44 (17) 28(19) 15(19) 0.4
Yes 656(80) 259(78) 217 (83) 116(81) 64(81)
Cessation reason, n (%)
Inefficacy 461(56) 183(55) 141(55) 76(53) 61(77) 0.02
Adverse events 121(15) 50(15) 35(13) 26(18) 10(12)
Other reasons 82(10) 36(11) 29(11) 15(10) 2(3)
No change 154(19) 65(19) 56(21) 27(19) 6(8)
Abbreviation: BMI, body mass index; RA, rheumatoid arthritis; MTX, methotrexate.
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521 patients (419 females 80%) who were treated with
etanercept, infliximab, adalimumab or golimumab. A total
number of 818 treatments courses were included in the final
analysis, 326 (39%) with etanercept, 215 (26%) with adali-
mumab, 197 (24%) with infliximab, and 80 (9.7%) with
golimumab. There were 334 (40.8%) drug courses in the
normal BMI group, 261 (31.9%) in the overweight group,
144 (17.6) in the obese group, and 79 (9.6%) in the morbid
obese group. The drug was discontinued due to inefficacy in
407 (49.8%) times, with an overall retention rate of 71%,
54%, 46%, 41% and 38% after the first, second, third, fourth
and fifth years, respectively. There were 109 additional
treatment cessations due to adverse side effects (most com-
monly allergic, dermatologic and infectious), and the rate of
adverse events did not differ between the BMI groups (data
not shown). MTX was used in 656 (80%) courses, while 162
(20%) episodes occurred in patients not receiving MTX.
Drug retention did not differ between MTX users and non-
users with HR=1.09 (95% CI 0.85-1.4; P = 0.51).

Primary Endpoint: The Effect of the BMI
on Drug Retention

Table 1 shows the patients’ characteristics stratified by treat-
ment episodes. A total of 818 courses were included in the

final analysis, of which 334 (41%) occurred in the normal
BMI group, 261 (32%) in the overweight group, 144 (18%)
in the obese group and 79 (9%) in the morbid obese group.

For the whole group, a significant correlation between
an increased BMI especially morbid obese patients and
decreased retention was demonstrated (Figure 1). Patients
who were morbidly obese were more likely to discontinue
treatment compared to those with normal BMI (HR 2.26;
95% CI 1.36-3.78) A similar trend was seen in the obese
and overweight patients compared to patients with
a normal BMI (HR 1.15; 95% CI 0.72-1.81, P = 0.24;
HR-1.27 95% CI 0.87-1.86, respectively); however, it did
not reach statistical significance.

The effect of the BMI on the duration of drug retention
is shown in Table 2. Patients with a normal BMI had 1-, 3-
and S5-year retention rates of 78%, 52% and 43%, respec-
tively, overweight patients had rates of 71% and 45% and
39%, obese patients’ retention rates was 64%, 51% and
38%, and morbid obese retention was lowest with 51%,
20% and 16%, respectively.

Drug Survival by Specific TNF-a Blocker
Etanercept showed the highest drug retention rate followed
by infliximab, while adalimumab had the lowest drug
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Figure | All drugs retention and correlation to BMI.
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Table 2 Drug Retention According to BMI and Other Variables

Variable Episodes Events (%) HR 95% CI P-value I Year (%) 3 Year (%) | 5 Year (%)
Total 818 407(50) 71 46 38
Etanercept 326 154(47) 1.00 74 52 43
Infliximab 197 94(48) .11 0.86—1.44 0.42 75 45 37
Adalimumab 215 127(59) 1.51 1.20-1.91 <0.01 6l 38 29
Golimumab 80 32(30) 1.12 0.76—1.64 0.56 72 48 40
BMI
Normal 134 56(42) 1.00 80 58 49
Overweight 104 51(49) 1.27 0.87-1.86 0.21 73 48 43
Obese 59 27(46) 1.15 0.72-1.81 0.56 71 58 42
Morbid Obese 29 20(69) 2.26 1.36-3.78 <0.01 53 26 21
Normal BMI
Etanercept 134 56(42) 1.00 80 58 49
Infliximab 79 34(43) 0.97 0.63-1.48 0.87 86 58 47
Adalimumab 89 47(53) 1.58 1.07-2.33 0.02 69 40 35
Golimumab 32 15(47) 1.83 1.03-3.26 0.04 73 31 NA
Overweight
Etanercept 104 51(49) 1.00 0.148 73% 58% 48%
Infliximab 58 26(44.8) .16 0.72-1.86 0.549 77% 40% 36%
Adalimumab 69 43(62.3) 1.43 0.95-2.15 0.085 62% 44% 38%
Golimumab 30 9(39) 0.69 0.34-1.4 0.301 75% 64% 64%
Obese
Etanercept 59 27(45.8) 1.00 0.620 71% 61% 58%
Infliximab 38 19(50) 1.39 0.77-2.5 0.272 61% 54% 43%
Adalimumab 36 19(52.8) 1.41 0.78-2.53 0.256 53% 50% 45%
Golimumab Il 5(45.5) 1.17 0.45-3.03 0.754 71% 53% 35%
Morbid obese
Etanercept 29 20(69) 1.00 53 26 21
Infliximab 22 15(68) 1.04 0.53-2.03 091 56 22 NA
Adalimumab 21 18(86) 1.66 0.88-3.15 0.12 40 12 NA
Golimumab 7 3(43) 1.14 0.33-3.91 0.83 60 NA NA
Treatment line
First 487 224(46) 1.00 76 50 40
Second+ 331 183(55) 1.35 1.11-1.64 <0.01 63 40 34
MTX
No 162 73(45) 1.00 67 49 45
Yes 656 (334(51) 1.09 0.85-1.40 0.51 72 46 36
Smoking
Never 400 197(49) 1.00 73 46 38
Past 123 54(40) 0.89 0.66—1.20 0.42 69 51 46
Current 112 49(44) 0.92 0.67-1.26 0.60 67 50 44
Abbreviations: Event, drug cessation due to inefficacy; HR, hazard ratio; Cl, confidence interval; BMI, body mass index; MTX, methotrexate.
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retention rate (Figure 2). The median length of retention
was 42.5 months for etanercept, 33.4 months for inflixi-
mab and 24.4 months for adalimumab.

The 1-year retention rate was 74% for etanercept, 75%
for infliximab, and 61% for adalimumab, and 72% for
golimumab, while the respective 5-year retention rate
was 43%, 37%, 29% and 40%. There was a significant
difference in retention between etanercept and adalimu-
mab in favor of the former (HR 1.51; 95% CI 1.20-1.91,
P < 0.01). Etanercept had the best drug retention trend in
the different BMI groups as well.

The trend for lower drug retention in the morbid obese
group was demonstrated in all four TNF-a blockers. This
trend was statistically significant for all drugs, except for
golimumab. Morbid obese patients treated with etanercept
had a higher rate of drug switching compared to patients
with normal BMIs (HR 2.26; 95% CI 1.36-3.78, P < 0.01).
Infliximab-treated morbid obese patients showed a similar
trend (HR 2.57; 95% CI 1.39-4.74, P < 0.01), and
a comparison between the obese group and the normal
BMI group yielded an HR of 1.75 (95% CI 1.00-3.08;
P = 0.05). The adalimumab HR was 2.42 (95% CI 1.40-
4.18, P < 0.01), again reflecting a higher rate of drug

retention in the patients with a normal BMI compared to
the morbid obese group.

Secondary endpoints

Figure 3 shows that second-line treatment and above was
related to lower drug retention compared to first-line treat-
ment (HR 1.35; 95% CI 1.11-1.64, P < 0.01). When
looking into first-line treatment courses, lower drug reten-
tion was noted also for the obese group (and not only the
morbid obese group as was shown to all lines of treatment)
compared to the normal weight group. Higher disease
activity (represented by DAS28) was positively correlated
with a higher rate of switching drugs (data not shown).
The use of MTX, gender, smoking status and sero-
positivity did not seem to affect the rate of drug retention
in RA patients.

Discussion

The correlation between obesity and the response to TNF-
o blockers is inconclusive, and data on the rate of retention
of those drugs are sparse. We evaluated the effect of the
BMI on the rate of retention of four TNF-a blockers in 521
RA patients and total of 818 treatment courses who were
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Figure 2 Specific drug retention in all BMI groups.
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included in the Israeli registry of inflammatory diseases.
Decreased drug retention was significantly associated with
morbid obese patients in this population, and it was lowest
for adalimumab compared to etanercept.

To the best of our knowledge, this is the first study to
reveal the negative impact of a high BMI on drug retention
in RA patients treated with a variety of TNF-a blockers.
Previous studies mostly sought an association between the
BMI and therapeutic response, and their findings have
supported this association. Gremese et al evaluated the
correlation between the BMI and response to treatment
with TNF-o blockers in RA, and their results showed
that obesity is a risk factor for a poor remission rate in
long-standing RA.° It could be expected that the response
to a weight-dependent drug dose would be better than that
to a fixed dose in obese patients, but this was not demon-
strated in our current study. This finding supports the
notion that adipose tissue may be involved in the patho-
physiology of RA and that it could have implications for
other immune-mediated inflammatory conditions that are
treated with TNF antagonists.” The importance of fat as an
endocrine tissue and its immunological effect by the secre-
tion of pro-inflammatory cytokines, such as tumor necrosis
factor-alpha (TNF-a), and the overexpression of specific
adipokines secreted by visceral fat are well known."” Fat

functions as a major intermediate of inflammation and
immunity, and it plays a major role in the whole-body
metabolism of lipids and glucose and, consequently, in
the pathogenesis of insulin tolerance.'®'® TNF-a is a pro-
inflammatory cytokine secreted by a number of cells,
including lymphocytes, macrophages and keratinocytes.
The cellular response to TNF-a is mediated by two recep-
TNF-receptor 1 and TNF 21922
Hotamisligil et al reported an increase in mRNA levels

tors, receptor
of TNF-receptor 2 in fat tissue as well as an increase of
soluble TNF-receptor in the blood of obese women.*’
Fernandez-Real et al showed a positive correlation
between plasma soluble TNF-receptor 2 levels and body
mass index (BMI).?* Tanaka et al investigated the function
of lymphocyte subsets in obese patients and showed that
subsets of T cell populations and their function may be
reduced in obese individuals and that this may be partly
related to the elevated production of TNF-a.?

Very few studies have looked into the effect of a high
BMI on drug retention in the setting of immune diseases.
Tannone et al'? reported decreased retention rates of TNF-
o blockers in obese RA patients who were receiving
a second-line biological drug (eg, TNF-a blocker, abata-
cept, tocilizumab and rituximab). A same trend was
observed for a first-line TNF-a blocker, but the difference
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was not statistically significant. A lower drug retention
rate correlated with an increased BMI in 97 patients
receiving a non-TNF agent for the second-line treatment,
while obese patients had a 43.5% retention rate vs a rate of
80% in the normal weight population (P = 0.04).

Interestingly, the findings of the current work revealed
that etanercept and infliximab had better rates of drug
retention than adalimumab. This difference might be
related to the basic biologic features of the drug itself.
Another possible explanation is the delayed chronological
marketing of adalimumab compared to infliximab and
etanercept. When only two biologic options were avail-
able, the threshold for a drug switch might have been
much higher compared to the current availability of
many therapeutic options.

Our study supports the finding of a negative effect of
the BMI on the TNF-a blocker retention rate, and adds to
the sparse evidence that morbid obese RA patients have
lower rates of TNF-a blocker retention than non-obese
patients. The reasons for this correlation remain unclear.
However, the finding that the BMI affects both weight-
dependent (infliximab) and weight-independent (adalimu-
mab, etanercept and golimumab for the majority of
patients) drugs supports the theory that body fat itself
has a pro-inflammatory function, and it is not just
a matter of higher volume of distribution. The relation
of adipose tissue and its pro-inflammatory function was
described both in rheumatological disease as well as in
healthy controls.'>'®2® Qur results indirectly indicate
a potential benefit of weight reduction in inflammatory
diseases, and should serve to increase the awareness of
physicians and patients of this modifiable prognostic
factor.

One of the limitations of this work is that it is
a retrospective analysis and has the drawbacks inherent
to such a study design. The BMI data were available for
only about two-thirds of the patients in the registry. Data
on comorbidities were not precise and therefore not
included in the analysis. Diseases, such as osteoarthritis,
fibromyalgia and depression may have influenced the deci-
sion to switch drugs and thereby cause a bias. Another
fundamental issue is that we are using the BMI as
a surrogate marker for obesity. The BMI is not an optimal
reflection of obesity, and there are individuals with
a normal BMI who have central obesity and elevated fat
percentages, as well as people with elevated BMIs and

normal fat distribution.

Conclusion

Our study findings demonstrate that morbid obesity
reduces the retention rate of infliximab, adalimumab, goli-
mumab and etanercept in patients with RA. Further studies
looking into more accurate measures of obesity, such as fat

percentage, and their effect on drug retention are
warranted.
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