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Abstract

A key role in the pathogenesis of rheumatoid arthritis (RA) and psoriatic arthritis (PsA) is played by inflammatory
cytokines, including tumor necrosis factor-o. (TNF-a), which are also involved in inducing inflammatory anemia. We have
followed 67 RA patients and 64 PsA patients for | year to evaluate the effects of TNF-a inhibitors on disease activity
and on inflammatory anemia. Patients were divided into three different treatment groups, according to a randomized
assignment to receive therapy with etanercept, adalimumab, or infliximab. Treatment with anti-TNF-a resulted in a
significant reduction in disease activity score-28 (DAS28) values both in RA and PsA patients, already from the third
month of treatment (P=0.01). In both populations, there was an increase in hemoglobin (HB) levels already after
3 months of treatment (P=0.001), and HB levels were inversely proportional to the disease activity, regardless of the
type of medication used. The increased HB values and the reduction of DAS28 values during the observation period
suggest the existence of a negative correlation between them both in RA and PsA, regardless of the type of anti-TNF-a
used. Our data suggest a pleiotropic action of anti-TNF-a, such as the well-known action on the activity of the disease,
and the improvement in inflammatory anemia.
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Introduction

Inflammatory cytokines play a crucial role in the  of iron metabolism in anemia of chronic diseases

pathogenesis of chronic inflammatory diseases,
such as rheumatoid arthritis (RA) and psoriatic
arthritis (PsA). The block of these agents, such as
tumor necrosis factor-a (TNF-o.) and interleukin-6
(IL-6), represents an important therapeutic oppor-
tunity against chronic inflammatory diseases with
an inhibitory effect on inflammatory cells recruit-
ment, on migration of circulating leucocytes into
inflamed joints, on angiogenesis, and on tissue
damage by decreasing expression of adhesion mol-
ecules and chemokines.!

Moreover, proinflammatory cytokines, primar-
ily TNF-a and IL-6, play an important role in
inducing inflammatory anemia. In particular, IL-6
induces the synthesis of hepcidin, the key regulator

(ACD), which is involved in reducing the intestinal
iron absorption and blocking its release from
deposits;> TNF-a, on the contrary, is probably
involved in altering erythropoiesis.®> Thus, anemia
is an important extra-articular manifestation of RA
and PsA, correlated to physical disability and
increased mortality.*>
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Since TNF-a and IL-6 cytokines are involved in
the pathogenesis of ACD, the use of biotechnologi-
cal drugs, such as tocilizumab (humanized mono-
clonal antibody directed against the receptor of the
IL-6) and inhibitors of TNF-a, could potentially
lead to increased levels of hemoglobin (HB). In
fact, in several studies in patients with RA and
other chronic inflammatory diseases, increased HB
levels were observed after treatment with inhibi-
tors of IL-6 and TNF-c..67

This study wants to evaluate the effects of
three different TNF-a inhibitors, etanercept (ETN),
adalimumab (ADA), infliximab (IFX), in terms of
clinical efficacy, effects on HB, iron, and ferritin
levels, in patients affected by PsA or RA, not suffer-
ing from other co-morbidities and not treated with
erythropoiesis-stimulating agents or iron. We want
to compare these three anti-TNF-o agents among
them and to assess if there is a correlation between
their effects on HB and the disease activity.

Patients and methods

RA patients, fulfilling the American College of
Rheumatology (ACR) criteria 2010 and patients
affected by PsA according to the CASPAR criteria
(Classification of Psoriatic Arthritis Study), affer-
ent to our Rheumatology Clinic, were recruited
and followed prospectively for 1year.?? The study
protocol was approved by the local ethics commit-
tee. Written informed consent was obtained from
all participants.

The two populations were homogeneous for age
and sex. Exclusion criteria were age <I8 years and
pregnancy. All patients were receiving methotrex-
ate and were naive to biological drugs. Each patient
has given his or her consent through a written form.
The patients not responsive to methotrexate and
with high (disease activity score-28 (DAS28) >5.1)
or moderate disease activity (DAS28 >3.2 and
<5.1) were candidated for treatment with biologic
drugs.

Patients with RA and patients with PsA were
divided into three different treatment groups,
according to a randomized assignment to receive
therapy with ETN, ADA, or IFX.

Age, duration of disease, C-reactive protein
(CRP), DAS28, HB (g/dL), serum iron (pg/dL),
and ferritin (ng/mL) were evaluated for each
patient in each group at baseline and after 3, 6, 9,
and 12 months of therapy.

Anemia has been defined according to World
Health Organization (WHO), which establishes the
values of HB threshold for anemic state corre-
sponding to <12 g/dL for women and <13 g/dL for
men. !0

The study excluded patients who had extra-
articular involvement (lung, heart, intestine); HB
levels below 8.5 g/dL; creatinine levels >1.5mg/
dL; history of cancer, liver, kidney, and endo-
crine disease; and neurological and psychiatric
disorders. We also excluded patients treated with
hemodialysis or continuous treatment with eryth-
ropoietin or iron and patients with active gastro-
intestinal bleeding in the 2months prior to
enrollment and during the entire duration of the
study. We also excluded from the study patients
with deficiency anemia, by differentiating iron-
deficiency anemia from the typical inflammatory
anemia through the evaluation of serum ferritin
values; therefore, we have considered only
patients with HB values below the threshold lev-
els dictated by WHO and ferritin levels >200 ng/
mL, assuming these levels as suggestive of
inflammatory anemia (reduced serum iron, nor-
mal or reduced transferrin, reduced transferrin
saturation index).

The clinical response to inhibitors of TNF-a
was assessed by the reduction in DAS28 from
baseline values up to 12 months of therapy.

Continuous variables were expressed as mean=+
standard deviation (SD). Differences between
groups were assessed using the non-parametric
Mann—Whitney U test for continuous variables;
the Wilcoxon rank test was used within the con-
tinuous variables. Pearson correlation coefficient
was used to evaluate the correlation between
selected continuous variables. Values of P<0.05
were considered as statistically significant.

In all, 67 patients with RA and 64 patients with
PsA were included in the study. In PsA group, 23
patients started therapy with ADA, 20 with IFX,
and 21 with ETN. In RA group, 22 patients started
therapy with ADA, 21 with IFX, and 24 with ETN.

All patients were treated with methotrexate
(dosage between 10 and 15mg/week) and steroid
(5mg/day of prednisone). None of them have
stopped or modified methotrexate treatment during
the observation. TNF-a inhibitors dosage remained
stable during the study (ADA 40 mg every 2 weeks;
IFX 5mg/kg at week 0, 2, 6, and subsequently
every 8 weeks; ETN 50 mg/week).
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Results

The main demographic and clinical characteristics
are shown in Table 1. At baseline (before to start
therapy with anti-TNF-a agents), HB values were
significantly lower in RA patients than in PsA
patients; on the contrary, CRP values were signifi-
cantly higher in RA patients than in PsA patients.
There were no significant differences between
groups for the other evaluated parameters (age,
DAS28, iron, ferritin), even if values of DAS28
were higher in RA patients than in PsA patients,
without reaching statistical significance.

Disease activity in the different treatment
groups in RA and PsA

Treatment with anti-TNF-o agents resulted in a sig-
nificant reduction in disease activity both in RA
patients and in PsA patients, in terms of DAS28
already after 3months (P=0.01) (Figure 1(a) and
(b)). The decreasing trend of DAS28 has regarded
the overall length of the study in almost all treat-
ment subgroups with anti-TNF-a, except for the
ADA subgroup, which showed a loss of efficacy
after 12months both in RA and PsA patients, with
higher DAS28 values at 12months than the ninth
month, but still significantly lower than at baseline
(P=0.01).

At baseline, RA patients in subgroups rand-
omized to ADA and IFX showed higher DAS28
values than those obtained in patients randomized
to receive treatment with ETN, but without sta-
tistical significance (P>0.5). However, after
9months, the ETN subgroup showed a signifi-
cantly lower DAS28 compared with IFX and
ADA subgroups (P<0.001 and P=0.04, respec-
tively; Figure 1(a)).

Among patients with PsA (Figure 1(b)), at base-
line, DAS28 value was significantly higher in the

ADA subgroup than in the ETN subgroup (P=0.03)
and in the IFX subgroup (P=0.01). After 3 months
of treatment, DAS28 values were significantly
reduced in all treatment subgroups and continued
to reduce also for subsequent observation months.
The response, in terms of clinical efficacy, at the
treatment with biotechnological drugs was
observed for all three TNF-a inhibitors from the
third month of therapy. Subsequently, it has been
constantly maintained for all the length of the study
with the exception of the ADA group which at the
twelfth month showed a lag in clinical efficacy.
Patients treated with ETN showed an inconstant
disease activity; up to 6 months of therapy, there
was a significant reduction in DAS28 values, fol-
lowed by an increase in DAS28 values at 9 months
of treatment, with a reduction at 12months. At
12 months, ETN showed a more efficient effect in
reducing disease activity compared to ADA
(P=0.9) and IFX (P=0.3).

Table I. Demographic and clinical characteristics at baseline.

PsA RA P value
Patients (n=131, %) 64 (49) 67 (51)
Age (range) 50.9 (40-60) 53.4 (40-61)
F (n and %) 47 (74) 51 (77)
M (n and %) 17 (26) 16 (23)
Age at diagnosis (range) 42.6 (38—46) 41.3 (40-54)
CRP (mean +SD) 0.64+1.44 1£0.85 0.04
DAS28 (mean+SD) 3.87+0.49 445+0.68 0.09
HB (mean+SD) 11.67£0.9 10.78+0.88 0.0001
Ferritin (mean = SD) 227+66.37 241.43+53.25 0.3
Iron (mean+SD) 31.9+4.63 30£4.73 0.1
ETN 21 (33) 24 (36)
ADA 23 (36) 22 (33)
IFX 20 (31) 21 (31)

PsA: psoriatic arthritis; RA: rheumatoid arthritis; F: female; M: male;
CRP: C-reactive protein; DAS28: disease activity score-28; HB:
hemoglobin; ETN: etanercept; ADA: adalimumab; IFX: infliximab;
SD: standard deviation.
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Figure I. Anti-TNF-a effect on DAS28 in (a) RA and (b) PSA. P values are compared to the time point before. ¥*P<0.05.
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Effects of different treatments with anti-TNF-o.
agents in RA and PsA on HB levels

At baseline, RA patients had higher ferritin values
than PsA patients (P=0.3). During the treatment
with anti-TNF-a agents, there was a gradual reduc-
tion in ferritin values in both populations (Figure 2).

In patients with RA (Figure 3(a)), there were no
differences between the three different treatments
(ADA, IFX, and ETN) in increasing HB values,
which were significant for all three drugs from the
third month. After 12months, the levels of HB in
patients treated with ETN were significantly higher
than those of patients treated with IFX (P=0.01). If
we consider data expressed as percentage increase,
we found that the HB percentage increase in ADA
group was higher than in ETN (P=0.018) and I[FX
(P=0.2) groups until the ninth month of observa-
tion; the percentage increase of HB reached a pla-
teau at the ninth month for ADA and IFX, while in
ETN group HB percentage increased progressively;
thus, after 12 months, percentage variations in ETN
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Figure 2. Ferritin values in RA and PSA at baseline (range, 95—
330), at 3 months (range, 50—130), at 6 months (range, 50—120),
at 9months (range, 47—-135), and at |2 months (range, 50—126).
Values are given as meanxSD.

Ferritin mg/dL

group were higher than in the other treatment
groups, reaching significance compared with [FX
group (similar to what was observed when data
were analyzed in absolute values).

HB values analysis in the three subgroups of
patients with PsA (Figure 3(b)) showed that in all
three subgroups HB values increased from T1. The
HB increase from baseline to the twelfth month
was 1.3g/dL for IFX group, 1.17g/dL for ADA
group, and 1.78 for ETN group. Percentage
increase of HB in ETN group was higher than in
ADA and IFX groups at the third month (P=0.04)
(Figure 3b); however, in subsequent observations,
the percentage HB increase in ETN group was
lower than in the follow-up in the other groups.
Furthermore, percentage increase of HB from
baseline to the twelfth month was almost identical
in all three treatment subgroups.

Correlation between changes in HB and DAS28

HB levels were inversely proportional to the disease
activity both in RA patients (r=—0.5, P<0.0001)
and PsA patients (r=—0.5, P<0.001).

Discussion

Many studies have shown the role of IL-6 inhibition
in improving HB levels in RA patients by interfering
hepcidin production and increasing iron bioavailabil-
ity. Nevertheless, less clear is the role of TNF-a. inhi-
bition in improving HB levels.3%!-14 In our study,
DAS28 and CRP values were significantly higher in
RA patients than in PsA patients. Moreover, HB lev-
els were significantly lower in RA patients than in
PsA patients. These data can be explained by consid-
ering that the putative more intense inflammatory sta-
tus may influence HB levels in RA. We have observed
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Figure 3. Anti-TNF-a effect on HB over time in HB in (a) RA and (b) PSA. P values are compared to the time point before.

*P<0.05; gP=<0.01.
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increased HB levels in patients with RA for all three
anti-TNF-o agents. At the twelfth month, patients
treated with ETN had HB levels higher than patients
treated with IFX and ADA. We have hypothesized
that anti-drug antibodies probably play a role in
reducing the efficacy of monoclonal antibodies, such
as [IFX and ADA, on anemia compared to a soluble
TNF receptor fusion protein, such as ETN.!> The
increased HB values and the reduction in DAS28 val-
ues suggest the existence of a negative correlation
between HB levels and DAS28 values both in RA
and PsA, regardless of the type of anti-TNF-o agent
used. Our data confirm the well-known action of anti-
TNF-o agents on the disease activity, and the
improvement in inflammatory anemia, demonstrated
by the reduction in serum ferritin values. Ferritin
value in this study was considered as discriminating
between iron-deficiency anemia and inflammatory
anemia and, given its function of acute phase reac-
tant, the reduction of its value in the course of treat-
ment with TNF-a inhibitors does not contradict the
expected results. Anti-inflammatory effects of anti-
TNF-a therapy may explain both the tendency of fer-
ritin levels to decrease and the tendency of HB levels
to increase. Ferritin is a cellular iron storage protein
and increased ferritin levels usually are related to
excessive iron storage as commonly found in inflam-
matory anemia. As demonstrated by Song et al.,!2
serum ferritin levels in chronic arthritis show a direct
correlation with serum hepcidin levels, suggesting
that increased hepcidin is responsible for increasing
iron storage and for reducing the amount of serum
iron. Thus, it is conceivable that anti-TNF-a treat-
ment may be involved in reducing both hepcidin and
ferritin levels and that improvement in anemia may
be related to an improvement in serum iron available
for HB synthesis and erythrocyte production.

In view of the fact that the literature is quite
abundant about anemia in RA, improvement of HB
values obtained in PsA patients was most surpris-
ing. Nevertheless, further studies are needed in
order to better define the role of anemia even in
course of PsA.
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