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ABSTRACT

Introduction: It is unclear whether polymyal-
gia rheumatica (PMR) should be considered an
inflammatory disease or an autoimmune
disease.
Methods: Eighteen untreated early PMR
patients and 18 sex- and age-matched healthy
controls (HCs) were included. PMR patients
received tocilizumab from week 0 to week 12
and glucocorticoids from week 12 to week 24.
Leukocytes, neutrophils, platelets, hemoglobin,
c-globulins, IgG, IgA, and IgM were compared
between the PMR patients and HCs and before
and after tocilizumab treatment in the PMR
group.

Results: The mean age was 68 ± 7 and
66 ± 11 years, and the mean serum C-reactive
protein level was 82 ± 16 and 5 ± 2 mg/l for
PMR patients and HCs, respectively. At inclu-
sion, leukocytes (p\0.0001), neutrophils
(p\ 0.0001), and platelets (p\ 0.0001) were
increased and hemoglobin (p\ 0.0001)
decreased in the PMR group compared to the
HC group. After tocilizumab therapy, leuko-
cytes, neutrophils, and platelets decreased, and
hemoglobin increased. At inclusion, all four
parameters were significantly associated with
the serum IL-6 level, though it was not associ-
ated after tocilizumab therapy. Levels of c-
globulin were increased in the PMR patients
compared to HCs (p = 0.0087), and PMR
patients with c-globulins levels over 11 g/l at
inclusion responded more quickly to tocilizu-
mab therapy. Autoantibody profiles did not
differ between the PMR patients and HCs.
Conclusions: This study suggests that PMR is
more an inflammatory disease than an
autoimmune disease. Tocilizumab improves all
markers of inflammation. Patients with elevated
c-globulins respond more quickly to
tocilizumab.
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INSERM, Université de Bretagne Occidentale, Brest,
France

Y. Renaudineau
Laboratory of Immunology and Immunotherapy,
CHRU Morvan, Brest, France

Rheumatol Ther (2021) 8:751–760

https://doi.org/10.1007/s40744-021-00299-8

https://doi.org/10.1007/s40744-021-00299-8
https://doi.org/10.1007/s40744-021-00299-8
https://doi.org/10.1007/s40744-021-00299-8
https://doi.org/10.1007/s40744-021-00299-8
http://crossmark.crossref.org/dialog/?doi=10.1007/s40744-021-00299-8&amp;domain=pdf
https://doi.org/10.1007/s40744-021-00299-8


Key Summary Points

Whole blood count is affected by
inflammation in polymyalgia rheumatica.

Tocilizumab quickly improves all markers
of inflammation in polymyalgia
rheumatica patients.

The association between IL-6 and blood
count is no longer observed after
tocilizumab therapy.

Gamma globulins over 11 g/l predict a
quick response to tocilizumab in early
polymyalgia rheumatica.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14170013.

INTRODUCTION

Polymyalgia rheumatica (PMR) is a common
cause of arthralgia in elderly patients. PMR
occurs after 50 years of age and is responsible for
pain in the shoulder girdle and the pelvic girdle.
A main characteristic of PMR is an increase in
acute-phase reactants (APRs), namely, C-reac-
tive protein and the erythrocyte sedimentation
rate. PMR may be associated with giant cell
arteritis (GCA) but occur most often isolated [1].
Glucocorticoids remain the cornerstone of
treatment for PMR. Although methotrexate has
been studied as a glucocorticoid-sparing agent
(GSA), the data are controversial [2].

It is unclear if PMR is an autoinflammatory
or an autoimmune condition [3]. Inflammation
is the main pathogenic mechanism identified in
PMR, e.g., interleukin (IL)-6 is strongly
increased in these patients [4]; monocytes are
probably involved [5] but are not responsible for

IL-6 secretion. However, disruptions in the
adaptive immune system T cells [6] and B cells
[4, 7] have also been described. Despite the
description of anti-ferritin auto-antibodies in
PMR and GCA, no specific autoantibody
screening assay is currently used [8]. Recently,
leukocyte dynamics have been studied in early
PMR and GCA, and a myeloid shift was
observed in untreated patients [9], sustaining
the hypothesis of a prevailing inflammatory
mechanism.

In this context of strong inflammation, the
blockade of IL-6 is a promising track. Tocilizu-
mab, a monoclonal antibody targeting the IL-6
receptor, is known for its strong anti-inflam-
matory effects and is currently being studied in
the cytokine storms generated by SARS-CoV2
infection [10], and recently, tocilizumab has
demonstrated efficacy in early PMR [11].
Nonetheless, several studies are ongoing to
evaluate the use of tocilizumab in PMR as an
induction treatment or as a GSA [12, 13]. The
understanding of the pharmacodynamic of
tocilizumab is crucial to enable a proper use of
this therapy in PMR patients, but data about the
pharmacodynamic effects of tocilizumab are
scarce.

Our aim was to describe the pharmacody-
namic effect of tocilizumab on inflammatory
markers in a well-characterized population of
PMR patients and to identify markers to opti-
mize the use of tocilizumab.

METHODS

First, we aimed to describe the inflammatory
and autoimmune characteristics of a well-de-
fined population of untreated early PMR
patients. Then, we aimed to observe their evo-
lution under tocilizumab therapy. We first
analyzed the whole blood of PMR patients to
determine whether modifications are overall
caused by inflammation that specifically affects
the lymphoid compartment. Next, we evaluated
c-globulins, as hypergammaglobulinemia is
often associated with autoimmune disease and
inflammation, and we searched for a specific
decrease in immunoglobulin isotypes. Finally,
we searched for marks of autoimmunity with a
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large panel of autoantibodies to determine
whether autoimmunity is pronounced in PMR
patients.

Patients

Data for PMR patients included in the TENOR
study [11] were used in the present study.
Chuang’s criteria for PMR were applied and
fulfilled. GCA was excluded using 18-fluo-
rodesoxyglucose positron emission tomogra-
phy. The patients received three intravenous
infusions of tocilizumab at visit (V) 0 (week 0),
V3 (week 4) and V4 (week 8); from V5 (week 12),
the patients received glucocorticoids until V8
(week 24). Glucocorticoids were administered as
a decreasing oral and daily dose, starting at
0.15 mg/kg/day at V5 (week 12). Glucocorti-
coids were decreased by 1 mg every 2 weeks if
PMR activity score was under 10. As previously
reported, all patients responded to tocilizumab
therapy at V5 and V8 according to the PMR
activity score [14].

Healthy Controls

Age- and sex-matched healthy controls (HCs)
were recruited from the Rheumatology Depart-
ment of Brest University Hospital (CHRU
Cavale-Blanche). The HCs had no infection, no
active neoplastic affection, and no autoimmune
disease. Moreover, they had no increase in
APRs, and all HCs gave informed and written
consent. An ethics committee (CCP-OUEST-VI)
provided approval for the study. This study was
performed in accordance with the Helsinki
Declaration of 1964 and its later amendments.

Data Collection

For PMR patients, age and sex were collected for
the present study. Leukocytes, neutrophils,
platelet counts, and hemoglobin levels were
assessed at each available visit (V0 and V3 to
V8). Levels of c-globulins, immunoglobulin (Ig)
A, IgG and IgM were collected at V0, V5, V6,
and V8. Autoantibodies were tested only at
inclusion. For HCs, a preliminary testing for
antinuclear antibodies (ANA) was performed by

indirect immunofluorescence (IIF). If ANA IIF
was positive at 1/80 dilution, antibody screen-
ing was performed as described above for the
patients. PMR-AS was collected at each visit
between inclusion and V5 (week 12), and PMR-
AS\ 10 was used to define a response for sur-
vival analysis.

Interleukin-6

IL-6 was assessed using Human IL-6 enzyme-
linked immunosorbent assay (ELISA) Kit II (BD
Biosciences, San Jose, CA, USA) according to the
manufacturer’s instructions. The detection
threshold was 2.2 pg/ml.

Autoantibodies Assay

Sera were tested for ANA by indirect
immunofluorescence (IIF) using HEp-2 cells,
and the autoantibody profile comprised anti-
double-stranded (ds) DNA, anti-SSA
(52 ? 60 kDa), anti-SSB, anti-Sm, anti-U1RNP,
anti-Scl70, anti-Jo1, and anti-cardiolipin from
the IDS-ISYS chemiluminescent system (Im-
munodiagnostic Systems Ltd, Boldon, UK); anti-
dsDNA-NcX, anti-MPO, and anti-PR3 (EURO-
IMMUN, Lübeck, Germany); anti-CCP3 (Wer-
fen, Cheshire, UK); rheumatoid factor, anti-
alpha actinin and anti-histone assays were as
previously described [15, 16]. For heatmap
analysis, autoantibodies were standardized
using the threshold for positivity (P ?) deter-
mined by the laboratory as follows: (patient
value)/(P ?).

Statistical Analysis

Data are presented as the mean ± standard
error of the mean or number (percentage) when
appropriate. First, leukocytes, neutrophils, pla-
telets, and hemoglobin were compared between
the HCs and PMR patients at each available
visit. The correlation between IL-6 and leuko-
cytes, neutrophils, platelets, or hemoglobin was
examined at V0 and V5. Next, the level of c-
globulin in the serum of the HCs and PMR
patients at each available visit was compared,
and IgA, IgG and IgM levels in the serum of the
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PMR patients were compared between V0 and
V5. The Kruskal–Wallis nonparametric test was
used to compare the PMR patients and HCs
when more than two variables were considered.
The paired Wilcoxon test was employed to
compare the PMR patients over time. The
Spearman correlation test was applied for cor-
relations. The profile likelihood method using a
log-rank (Mantel–Cox) regression model to
compare the time for PMR-AS response was used
in univariate analysis to determine the optimal
threshold, and the patients were stratified into
two groups with a Kaplan–Meier survival curve.
RStudio� was used for heatmap analysis with
reordering of both rows and columns and den-
drogram construction. p\0.05 was considered
statistically significant. Statistical analyses were
performed using GraphPad Prism� software
v6.05 (GraphPad Software, La Jolla, CA, USA)
and RStudio� v1.2.5042 (2009–2020 RStudio,
Inc.) for Windows.

RESULTS

Full Blood Count is Mainly Affected
by Inflammation and Quickly Improved
by Tocilizumab in Polymyalgia
Rheumatica Patients

The characteristics of 18 PMR patients were
previously reported in the TENOR study, (sup-
plementary Table 1) [11]. Eleven of the patients
were men (idem for the HCs). The mean age was
68 ± 7 and 66 ± 11 years, and the mean C-re-
active protein level in the serum was 82 ± 16
and 5 ± 2 mg/l for the PMR patients and HCs,
respectively. All patients fulfilled the Chaung’s
classification criteria and the ACR/EULAR clas-
sification criteria. Confidence in the PMR diag-
nosis was unmodified after the complete follow-
up. None of the patients received glucocorti-
coids before inclusion. At inclusion, leukocytes
were significantly increased in the PMR patients
(9.5 ± 0.8G/l) compared to HCs (7.1 ± 0.4G/l)
(Fig. 1a), as were neutrophils (respectively
6.8 ± 0.7G/l and 4.3 ± 0.4G/l, Fig. 1b). In con-
trast, hemoglobin was slightly decreased in the
PMR patients (12.3 ± 0.3 g/dl) compared to
HCs (12.8 ± 0.4 g/dl) (Fig. 1c). Compared to the

HCs (278 ± 92G/l), platelets were also increased
in the PMR patients (388 ± 33G/l) at inclusion
(Fig. 1d). After only one infusion of tocilizumab,
at V3, leukocytes decreased to 6.0 ± 0.6 G/l,
neutrophils decreased to 3.0 ± 0.4, hemoglobin
increased to 13.4 ± 0.2 g/dl, and platelets
decreased to 230 ± 16 G/l (Fig. 1). Moreover, a
slight increase in leukocytes (from 5.5 ± 0.4
G/l) and neutrophils (from 2.6 ± 0.2 G/l) was
observed after the introduction of glucocorti-
coids (from V5 to V8). Platelets and hemoglobin
were both stable during the time of glucocorti-
coid treatment (from 203 ± 9 G/l to
239 ± 10.7 G/l and from 14.2 ± 0.1 g/dl to
13.8 ± 0.2 g/dl, respectively).

The Association Between Interleukin-6
and Inflammatory Disturbances is No
Longer Observed After Tocilizumab
Therapy

At inclusion, a strong association was observed
between IL-6 and all markers of inflammation
from the full blood count (Fig. 2). Leukocytes
were significantly associated with IL-6
(r = 0.715, p\0.001), as were neutrophils
(r = 0.767, p\0.001), hemoglobin (r = 0.575,
p = 0.012), and platelets (r = 0.47, p = 0.049).
However, these associations were no longer
observed after tocilizumab treatment (Fig. S1).

Levels of c-Globulins are Increased in Early
PMR, and a Quick Decrease is Observed
After Tocilizumab Therapy

At inclusion, c-globulins were increased in the
PMR patients (12.1 ± 0.6 g/l) compared to HCs
(8.8 ± 0.8 g/l) (Fig. 3a), but the level in the PMR
patients’ serum progressively decreased after
tocilizumab therapy (10.8 ± 0.5 g/l at V5) and
glucocorticoids (9.8 ± 0.5 g/l at V8). Treatment
with tocilizumab induced a rapid decrease in
IgA (from 2.9 ± 0.4 g/l at V0 to 2.1 ± 0.2 g/l,
Fig. S2A), IgG (from 11.7 ± 0.6 g/l at V0 to
10.2 ± 0.5 g/l, Fig. S2B) and IgM (from
1.0 ± 0.1 g/l at V0 to 0.9 ± 0.1 g/l, Fig. S2C)
levels in the serum of the PMR patients. Fur-
thermore, the levels of IgA, IgG and IgM were
stable in the serum after glucocorticoid
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administration (2.2 ± 0.2 g/l, 9.4 ± 0.5 g/l, and
1.0 ± 0.1 g/l, respectively, at V8).

Regarding time for PMR-AS response
(Fig. 3b), Kaplan–Meier log-rank analysis
retrieved a significant difference for c-globulins
(p = 0.01), and the best cut-off was set at 11 g/l.
Patients with a serum level of c-globulin greater
than 11 g/l responded more rapidly than
patients with 11 g/l or less [hazard ratio of 5.4;
95% confidence interval (1.4–20.7)].

Despite c-Globulin Modifications, No
Mark of Autoimmunity is Observed
in Early Polymyalgia Rheumatica

Among the 18 PMR patients, 12 (66.7%) had
ANA positivity. Eleven were positive at a dilu-
tion of 1/160 and 1 at a dilution of 1/320. In
comparison, among the 13 HCs with available
ANA testing, only six (46.1%) exhibited ANA
positivity (three at a dilution of 1/160 and three
at a dilution of 1/320). The difference was not
significant. No PMR patients and no HCs were
positive for anti-centromere autoantibodies. To
assess whether nonspecific autoimmunity was
increased in PMR patients compared to HCs,

Fig. 1 Whole blood count test in polymyalgia rheumatica
patients. Leukocytes (a), neutrophils (b), hemoglobin
(c) and platelets (d) were extracted from the whole blood
of 18 PMR patients at each available visit and from sex-
and age-matched healthy controls. Patients were treated

with tocilizumab from V0 to V5 and with oral glucocor-
ticoids from V5 to V8. Data are presented as the mean and
standard error of the mean in red
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autoantibody values were standardized as
described. The results are presented in Fig. 3c.
No clustering enabled a distinction between the
PMR patients and HCs.

DISCUSSION

We showed that levels of leukocytes, neu-
trophils, and platelets were higher in early PMR
patients than in HCs but that hemoglobin was
decreased. Moreover, these modifications cor-
related with the IL-6 level in patient serum at
inclusion. Quickly after tocilizumab therapy,
leukocytes, neutrophils, and platelets decreased
and hemoglobin increased in PMR patients and
no longer correlated with IL-6. In addition, c-
globulins were increased, but no autoimmune
mark enabled the differentiation of PMR
patients and HCs. Finally, a c-globulin level
over 11 g/l was a biological marker associated
with a quick response to tocilizumab.

The pathophysiology of PMR is poorly
understood. Consequently, it is not clear whe-
ther PMR should be considered an autoimmune
disease or an inflammatory or autoinflamma-
tory disease [3]. The role of the innate immune
system, the absence of interferon-c secretion
(compared to autoimmune diseases), the strong
increase in APRs and the lack of specific
autoantibodies suggest mechanisms closer to
autoinflammation. Even if occurring mostly
isolated, PMR can be associated with GCA, a
large vessel vasculitis, and might share common
pathophysiological pathways. In this study, we
highlight the absence of specific autoantibodies
among a large panel and the absence of an
autoantibody background when compared to
HCs.

Glucocorticoids remain the cornerstone of
PMR treatment but are associated with many
complications. Tocilizumab has shown promis-
ing results in early PMR and is currently evalu-
ated as a GSA, though its place in the

Fig. 2 At inclusion, inflammatory markers correlate with
interleukin-6 (IL-6). Correlations between leukocytes (a),
neutrophils (b), hemoglobin (c), and platelets (d) on one

side and interleukin-6 on the other side at inclusion for 18
PMR patients at inclusion
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therapeutic strategy has yet to be determined.
The speed of the efficacy has also been discussed
and may be, for some authors, an obstacle to its
use in PMR [12, 17]. In this study, all the
inflammatory markers observed in PMR patients
(leukocytes, neutrophils, platelets, hemoglobin,
gammaglobulins) quickly decreased after tocili-
zumab therapy suggesting a fast-acting efficacy
of tocilizumab in controlling inflammatory
pathways in those patients. The clinical efficacy
may be delayed compared to the inflammatory
markers, but it is essential to notice that none of
the patients received glucocorticoids before
inclusion. Then patients were treated with
tocilizumab only until week 12. Finally, tocili-
zumab was stopped, and patients received glu-
cocorticoids from week 12 to week 24. One can
imagine that glucocorticoids may be used for
few days to wait for tocilizumab efficacy in early
disease and then, suddenly stopped.

It is underlining that the tocilizumab posi-
tioning must be discussed in PMR. Tocilizumab
might not be used in all patients affected by
PMR, but so far, no biomarker, prognostic fac-
tor, or factor predicting response to treatment is
currently available for PMR. In our study,
patients with c-globulin levels over 11 g/l
responded more quickly than did other

patients. The delay between treatment initia-
tion and clinical improvement with tocilizu-
mab therapy has been discussed and appears to
be longer than that with glucocorticoids [12]. As
a routinely available biological marker that
predicts a rapid response for tocilizumab, the c-
globulin level is of clinical utility but has yet to
be confirmed in other studies.

Our study is limited by the small number of
patients. This small number might explain the
prevalence of men over women, not commonly
observed in PMR. Moreover, the data were
obtained using common daily practice assay
(except for the IL-6). This is a limitation in
regard of the search for autoantibodies, but this
is also an advantage to replicate and extrapolate
our results to other cohorts. Nevertheless, no
large cohort of PMR patients treated with toci-
lizumab and with extensive clinical and bio-
logical characterization is available to date.

CONCLUSIONS

To conclude, our study suggests that despite a
strong increase of the inflammatory markers in
early untreated PMR, tocilizumab quickly
improves all those inflammatory components
and that c-globulins might be used to predict a
quick response to tocilizumab therapy.
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