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Objective: This retrospective analysis was to assess the role of Janus kinases (JAK) inhibitors compared with conventional disease
modifying anti-rheumatic drugs (DMRADs) in the treatment of polymyalgia rheumatica (PMR) with glucocorticoids (GCs) reduction.
Methods: Clinical information was collected from PMR patients in the JAK inhibitor group and the DMARDs group from
January 2020 to August 2021 at Jiaxing first Hospital. Serum C-reactive protein (CRP), erythrocyte sedimentation rate (ESR),
hemoglobin (Hb), albumin and dose of GCs before and after treatment were compared between two groups.

Results: Thirty female patients with PMR were included into this study. The dose of GCs in the JAK inhibitor group was significantly
lower than in the DMARDs group at baseline and at 3 and 6 months after treatment. There were no significant differences in various
laboratory parameters (including CRP, ESR, Hb and albumin) between two groups (P > 0.05) except that Hb in the DMARDs group
was significantly higher than in the JAK inhibitor group at 3 and 6 months after treatment (P<0.05). One patient in the JAK inhibitor
group developed herpes zoster, and received tofacitinib treatment after herpes zoster was relieved.

Conclusion: Our study indicates that JAK inhibitors in the treatment of PMR are as effective as DMRADs and are also helpful for the
reduction of GCs dose.
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Introduction
Polymyalgia rheumatica (PMR) is a chronic inflammatory disease of unknown etiology 1, exclusively affecting people over 50
years of age. PMR affects about 2.4% of women and 1.7% of men, its incidence ranks only second to rheumatoid arthritis and it
has been one of the most common inflammatory rheumatic diseases in the older adults.' PMR is characterized by scapular and
pelvic girdle pain, morning stiffness, and elevated acute phase reactants, and is sensitive to glucocorticoids (GCs) therapy.
Currently, GCs are still considered the cornerstone in treatment for PMR.> A systematic review and meta-analysis showed that
the proportion of PMR patients receiving GCs for 1, 2 and 5 years was 77% (95% CI 71-83%), 51% (95% CI 41-61%) and 25%
(95% CI 15-36%), respectively.* In addition, an observational study revealed that it was difficult to completely discontinue GCs
therapy in women with PMR.> However, the long-term use of GCs raises great concern, especially in older patients, because it is
closely associated with recognized adverse effects. Therefore, increasing guidelines have recommended the disease-modifying
antitheumatic drugs (DMARDs) in combination with GCs for the disease control and synergistic GCs reduction. Methotrexate
(MTX) is recommended more frequently in available guidelines, but tumor necrosis factor (TNF) inhibitors are not recommended
for PMR, and there are no recommendations for other biologics.ﬁ’7 Several studies have shown that tocilizumab, an anti-IL-6
receptor monoclonal antibody, is effective and safe in the treatment of PMR.* ! To date, the use of sarilumab has been approved in
the US. However, the therapeutic efficacy of Janus kinase (JAK) inhibitors, which inhibit the IL-6 signaling pathway, in PMR is
unclear. In the present study, PMR patients treated with JAK inhibitors at our institution were retrospectively analyzed and patients
receiving conventional DMARDs treatment during the same period served as controls. This study was to evaluate the role of JAK
inhibitors in the treatment of PMR with synergistic GCs reduction, which may provide an alternative treatment for PMR.
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Patients and Methods

The clinical information was collected from 18 PMR patients who were treated with JAK inhibitors in the Department of
Rheumatology, the first Hospital of Jiaxing City from January 2020 to August 2021. Data from three patients were not
included in the final analysis, including two patients with missing data on relevant laboratory tests and one 91-year-old patient
with recurrent infection. In addition, clinical information was also collected from 24 PMR patients treated with conventional
DMARDs who were matched by age and gender during the same period. Nine PMR patients treated with tripterygium
wilfordii were excluded, and the remaining 15 patients were treated with MTX (Figure 1). All the patients were diagnosed
with PMR in accordance with the 2012 EULAR/ACR classification criteria for PMR.'? Patients treated with JAK inhibitors
served as the treatment group, and those treated with conventional DMARDs served as the control group. All patients were
isolated PMR patients, except for one case in the treatment group with giant cell arteritis (GCA). Clinical data were collected
at the beginning of steroid sparing agent treatment, including general characteristics (age, gender, disease duration), laboratory
findings (erythrocyte sedimentation rate [ESR], C-reactive protein [CRP], etc.) before and after treatment, and treatment status.

Statistical Analysis

Statistical analysis was performed using SPSS version 20.0, and quantitative data are expressed as mean =+ standard
deviation (X 4 SD). The t-test was used for comparison of data that satisfied normal distribution and Chi-square, and
Welch’s t-test was used for those that satisfied normal distribution but not chi-square. The Mann—Whitney U-test was
used for the comparisons of data without normal distribution. Paired ¢-test was applied for the comparisons of data before
and after treatment. A value of P < 0.05 was considered statistically significant.

Results

Baseline Characteristics

A total of 30 female PMR patients were included in the treatment and control groups. The mean age was 65.1 + 8.24
years and the course of disease was 13.94 = 16.68 months. There were no significant differences in the age, course of
disease, CRP level, ESR level, hemoglobin (Hb) level, and albumin level between two groups at baseline (Table 1).

PMR patient using Patient with PMR treated with

tofacitinib in our hospital conventional DMARDs during the

from 2020. 1-2021. 8 (n=18) same period (control group) (n=24)
Exclusions: 2 cases with missing Exclusion: patients with
test date and 1 case of recurrent PMR on tripterygium
infection in a 91-year-old patient wilfordii

(n=3) (n=9)
A4
Tofacitinib for PMR Methotrexate treated PMR
patients (treatment goup) patient (control group)
(n=15) (n=15)

A4 A4

Collection of relevant data before and after
treatment

Statistical analysis

Figure | Flow chart of patients’ inclusion.
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Table | Baseline Characteristics of PMR Patients in Both Groups

Variables Treatment Group Control Group
No 15 15

Gender (Female) 15 15

Age (years) 65.33(9.02) 64.80(7.99)
Duration of disease (months) 17.66(20.96) 10.33(11.29)
Prednisone (mg/d) 9.47(7.78) 15.33(1.29)*

ESR (mm/h) 49.93(22.54) 60.07(19.81)
CRP (mg/L) 33.53(40.55) 37.07(23.65)

Hb (g/L) 115.60(12.25) 109.87(13.13)
Albumin (g/L) 39.20(5.21) 38.66(3.90)

Notes: Data are mean (SD), Significant difference was found between the treatment group and the control group,
*P<0.05.
Abbreviations: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; Hb, hemoglobin.

Treatment Status

Two patients in the treatment group were previously treated with conventional DMARDs in combination with GCs, and
JAK inhibitors were added due to the recurrence of PMR during GCs reduction. Of 15 patients in the treatment group, 11
(73.3%) were treated with GCs combination, 4 (26.7%) with NSAIDs, 14 (93.3%) with tofacitinib (5 mg po bid, Pfizer)
and MTX, and 1 (6.67%) with tofacitinib (5 mg po bid, Pfizer). All the patients in the control group were treated with
GCs combined with MTX.

Follow Up
The ESR level in the treatment and control groups was significantly lower at 1, 3 and 6 months after treatment as
compared to that before treatment (P<0.05). The CRP level in the treatment group decreased significantly at 1, 3 and
6 months after treatment as compared to that before treatment (P < 0.05). The CRP level in the control group
decreased significantly (P < 0.05) at 1, 3 and 6 months after treatment as compared to that before treatment. The
serum Hb level in the treatment group remained unchanged after treatment (P > 0.05), while Hb level in the control
group rebounded at 1, 3 and 6 months after treatment as compared to that before treatment (P<0.05). Albumin level
in the treatment group rebounded significantly at 1, 3 and 6 months after treatment as compared to that before
treatment (P < 0.05). Meanwhile, the albumin level in the control group increased at 1, 3 and 6 months after
treatment as compared to that before treatment (P < 0.05). There were no significant differences in the laboratory
parameters between two groups at each time point (P > 0.05), except that the Hb level in the control group was
significantly higher than that in the treatment group at 3 and 6 months after treatment (P<0.05) (Table 2).

The GCs dose was significantly reduced in both groups at 3 and 6 months after treatment as compared to that before
treatment (P < 0.01). Moreover, the GCs dose in the treatment group significantly reduced at 3 and 6 months after
treatment as compared to that in the control group (P < 0.05) (Table 3).

Adverse Effects

One of 18 patients in the treatment group (a 91-year-old patient) had recurrent infections during the JAK inhibitor
treatment; another patient developed herpes zoster after 3-month tofacitinib treatment, but tofacitinib treatment was
initiated again after the remission of herpes zoster with antiviral and other symptomatic treatment. No significant adverse
effects were observed in the control group.
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Table 2 Laboratory Findings Before and After Treatment in Two Groups
Variables Treatment Group Control Group
Month 0 Month | Month 3 Month 6 Month 0 Month | Month 3 Month 6
No 15 15 15 13 15 15 15 15
ESR (mm/h) 49.93(22.54) 22.93(26.43)* 19.93(16.02)* 16.46(9.78)* 60.07(19.81) 16.07(8.93)* 19.13(16.25)* 16.27(7.81)*
CRP (mg/L) 33.53(40.55) 4.16(7.88)* 2.48(3.57)* 1.31(1.41)* 37.07(23.65) 3.61(5.10)* 5.67(7.75)* 1.93(3.44)*
Hb (g/L) 115.60(12.25) 120.27(8.93) 120.93(7.35)% 121.46(10.06)* 109.87(13.13) 126.87(12.99)* 128.47(9.49)* 129.60(7.45)*
Albumin (g/L) 39.20(5.21) 42.48(3.18)* 42.27(2.16)* 43.35(2.95)* 38.66(3.90) 41.80(2.36)* 41.53(2.32)* 42.96(2.61)*

Notes: Data are mean (SD). *P < 0.05 vs month 0; *P < 0.05 vs control group.
Abbreviations: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; Hb, hemoglobin.

Table 3 Average Daily Dose of GCs Before and After Treatment

Projects Treatment Group Control Group
No Prednisone (mg/d) No Prednisone (mg/d)
Month 0 15 9.47(7.78)"* 15 15.33(1.29)
Month 3 15 4.08(3.91)% 15 7.08(1.87)*
Month 6 13 1.84(2.07)+* 15 5.25(2.46)*

Notes: Data are mean (SD). *P < 0.01 vs month 0, *P < 0.05 vs control group, ¥P<0.01 vs control group.

Discussion

PMR is also characterized by anemia and decreased serum albumin, and the rapid initiation of GCs therapy is also
a feature of the disease.>'* The pathogenesis of PMR is still poorly understood. Studies have shown elevated serum IL-6
level in patients with active and recurrent PMR, and IL-6 is considered to be involved in the pathogenesis of PMR.'*!°

GCs are still the cornerstone in the treatment of PMR. Although GCs are effective, the associated adverse effects
cannot be ignored, and the incidence of adverse effects are as high as 65% in PMR patients receiving GCs therapy.'® In
the 2015 EULAR/ACR recommendations for the management of PMR, early introduction of MTX is conditionally
recommended on top of GCs for disease control and synergistic GCs tapering, especially in patients at high risk of
relapse or requiring extended GCs therapy.® However, MTX has some adverse effects, such as bone marrow suppression
and hepatic impairment, and some patients are intolerant to the upper gastrointestinal symptoms caused by MTX.
Moreover, other DMRADs are not further recommended for patients who are intolerant to MTX.

JAKs are a class of multi-structured non-receptor tyrosine kinases with important roles in cellular signaling.'” In
humans, the JAK family consists of JAK1, JAK2, JAK3 and TYK2, and all cytokine receptors are associated with one or
more JAKSs to facilitate signaling. Activation and phosphorylation of JAKs may induce the recruitment, dimerization and
nuclear translocation of signal transducer and activator of transcription (STAT) and the resulting transcriptional response,
which are essential for the downstream regulation of inflammatory mediators (eg IL-6).!” JAK inhibitors function by
inhibiting the JAK-STAT signaling pathway and are used to treat a variety of rheumatic diseases, including rheumatoid
arthritis, psoriasis, systemic lupus erythematosus, inflammatory bowel disease, etc.'” Preclinical studies have shown that
tofacitinib can block T-cell accumulation in the vascular wall and inhibit gamma-interferon production and signaling in
an animal model of GCA.'®! However, the role of JAK inhibitors in the PMR treatment remains unknown.

In a recent study of Zhang et al, 14 patients with highly active PMR (PMR Activity Scale [PMR-AS] >17) were
included, and tofacitinib at 10 mg/day was administrated concomitantly with prednisone at 15 mg/day at baseline.?® All
the patients achieved low disease activity (LDA) (PMR-AS <7) at week 24 with a median VAS-pain of 5 (0-17.5) with
prednisone at 2.2+1.1 mg/day. They speculated that tofacitinib could be used for the treatment of PMR because it may
maintain LDA, improve quality of life and reduce the need for GCs. Similarly, our results showed that the CRP, ESR, Hb
and albumin levels were comparable between treatment group and control group, except for the Hb level at 3 and 6

months after treatment, which was lower than in the control group. In contrast, the dose of GCs used in the treatment
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group was significantly lower than in the control group, suggesting that JAK inhibitors have similar efficacy to
conventional DMRADs with less GCs use and can be used as GCs reducers in the PMR patients. The treatment group
had a mild rebound in Hb level after 1-month treatment as comparable to the control group. The decrease in the treatment
group was lower than in the control group at 3 and 6 months after treatment, which may be related to the use of JAK
inhibitors. The hematopoietic growth factor erythropoietin (EPO) mediates erythropoiesis via the JAK2-STAT signaling
pathway.”' The decrease in Hb level has been observed in several studies on the treatment of rheumatoid arthritis with
baricitinib and tofacitinib, particularly high-dose tofacitinib.

So far, the safety profile of JAK inhibitors is similar to that of other biologic agents used to treat autoimmune
diseases. In contrast, the risk of infection (herpes zoster) is slightly increased and generally limited to a single
dermatome.”® One patient in the treatment group developed herpes zoster in our study, but tofacitinib treatment was
initiated again after remission following symptomatic treatment. Another patient treated with JAK inhibitor developed
recurrent infections, but the advanced age and inherent high risk of infection in this patient suggest that the use of JAK
inhibitors in patients of advanced age should be cautious.

There were several limitations in this study. This was a retrospective study with small sample size, which may bias
our findings. In addition, all the patients included were females. The degree of activity of PMR was assessed, and thus
the disease status might be different among patients. The duration of follow-up was short, and therefore the recurrence
rate and comorbidities were not determined. Thus, we could not confirm the clinical efficacy of JAK inhibitors. More
randomized, double-blind, controlled studies with large sample size are warranted to elucidate the efficacy and safety of
JAK inhibitors in the treatment of PMR. The cost-effect of treatment with JAK inhibitors should be further assessed if
clinical efficacy of these drugs has been confirmed.

In conclusion, the efficacy of JAK inhibitors in PMR is comparable to that of conventional DMRADs with less GCs
use and may help to reduce GCs dose, thus effectively avoiding or mitigating GCs-related adverse effects. More studies
with elegant design are needed to confirm our findings.

Conclusions

JAK inhibitors have comparable efficacy to conventional DMRADs with less GCs use in the treatment of PMR, and may
also reduce GCs use in these patients. In the future, more randomized, controlled, double-blind, prospective studies are
required to confirm the efficacy and safety of JAK inhibitors in the treatment of PMR.
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