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Background: Patients with systemic sclerosis (SSc) have poor prognosis without cure methods. We began, 10 years ago, to relieve
active SSc using short-term intravenous high-dose methylprednisolone pulse (MP-Pulse) and then maintain remission using long-term
and low-dose oral glucocorticoids (LTLD-GC).

Methods: Total 46 of SSc patients with interstitial lung disease (ILD) and induration of skin during January 2006 to December 2019
were analyzed retrospectively, who were followed up for 10 years or more. The patients were treated with MP-Pulse (15 mg/kg/day, 4
days/week, for 2 weeks) with (n=21) or without (n=25) LTLD-GC (prednisone 5-10 mg/day or methylprednisolone 4-8 mg/day). The
biographic and clinical data, including occurrence of infection or any adverse reactions, were collected at baseline, 6 months, 1 year,
and annually through 10 years after treatment.

Results: From baseline to 10 years, compared with MP-Pulse alone, MP-Pulse/LTLD-GC significantly reduced skin and lung fibrosis
and improved lung function: Rodnan skin score (mRSS: 22.1+12.4 to 8.16+2.5, P<0.001), forced vital capacity (FVC: 71.7% to
89.83%, P<0.001), forced expiratory volume in the first second (FEV1: 75.7% to 87.88%, P<0.001), diffusing capacity of the lung for
carbon monoxide (DLCO: 63.4% to 87.73%, P<0.001), and high-resolution chest computerized tomography scan (HRCT score: 3.96
+2.81 to 1.42+0.83, P<0.001). None of the 46 patients had femoral head necrosis, compression fracture, death, or life-threatening
adverse events.

Conclusion: These outcomes indicate that intravenous MP-Pulse combined with oral LTLD-GC could achieve significant remission
and better long-term (10 years) efficacy without severe adverse effects in SSc patients with ILD and induration of skin.
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Introduction
Systemic sclerosis or scleroderma (SSc) is a highly heterogeneous autoimmune disease with unknown etiology and
characterized by fibrosis of the skin and internal organs and vasculopathy.'* Although systemic sclerosis is uncommon, it
has high morbidity and mortality. Studies have found inflammatory and autoimmune responses play a critical pathogenic
role in SSc. Anti-inflammatory and immunosuppressive were helpful in SSc.>”> However, there is currently no known
cure for SSc, exploring new and effective treatments is extremely important.

Glucocorticoids (GCs) have anti-inflammatory and immunosuppressive actions.® Glucocorticoids (GC) utilization in
systemic sclerosis (SSc) is still controversial for the lack of evidence and their related adverse events. Some studies have
found that pulsed intravenous methylprednisolone (MP-Pulse) is a feasible therapy for active SSc.”* However, repeated
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MP-Pulse therapy can increase the risk of adverse reactions.”'® The adverse effects of glucocorticoids are extensive and
can involve many organ systems. Some studies have found that glucocorticoid-induced osteoporosis (GIOP) develops in
a time- and dose-dependent manner.!' GCs have been part of the therapeutic strategy in managing ILD, diffuse cutaneous
disease, or myositis. However, awareness of the risk of SRC should persist, especially in the use of glucocorticoids (GC),
especially in higher doses above 15 mg/day, which has long been known as an essential negative factor for the
development of SRC. A daily dosage of >15 mg is associated with a fourfold increase in the result of scleroderma
renal crisis (SRC). So, the use of GC dosages above 15 mg/day is discouraged.'* '

In theory, a low dose of GC has a less adverse effect and can be used for a relatively long time.'® Studies have
been found physiologic doses of hydrocortisone have shown to improve mild-to-moderate psychosocial
disturbances.'” So, short-term MP-Pulse combined with long-term and low-dose GCs should have complementary
advantages, providing better and sustained efficacy for SSc. Unfortunately, there has been no comprehensive study on
the effects of this combined therapy in SSc, although a high frequency of GCs utilization has been undoubtedly
recorded. Therefore, we developed an MP-Pulse/oral LD-GC treatment on the basis of conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs) more than a decade ago: allowing a rapid remission of disease by short-
term and high-dose MP-Pulse and then maintaining with long-term and low-dose oral glucocorticoids (close to
physiological measures).

Although glucocorticoid therapy is often used for SSc and has confirmed its efficacy and adverse effects, it still has
room to optimize, especially in long-term and low-dose observation. So, we first described that we developed an MP-
Pulse/oral LD-GC therapy based on conventional synthetic disease-modifying antirheumatic drugs (csDMARDs). This
study investigated whether MP-Pulse/low-dose GCs in the long-range treatment is effective and safe for SSc patients
with ILD and skin induration. This article aims to provide novel therapeutic strategies and some options for the
problematic treatment of SSc patients.

Patients and Methods

Patients
Inclusion and Exclusion Criteria

The study included 46 SSc patients from the rheumatology clinic of the Second Hospital of Shanxi Medical
University who were enrolled from January 2006 to December 2009. But they came from different medical teams.
These patients who were followed for more than 10 years and enrolled in the study were aged between 18 and 80 years
and had the active disease (Rodnan Skin Score (mRSS) units >10). SSc-ILD patients were defined as those with evidence
of fibrosis on high-resolution CT (HRCT) findings and a predicted forced vital capacity (FVC) of at least 50%'®. A flow
chart of the patients is depicted in Figure 1. Meanwhile, they come from different medical groups. The diagnosis of SSc
was based on American College of Rheumatology (ACR) and European League Against Rheumatism (EULAR)
recommendations.'®*° The patients were excluded from this study if they with thrombosis, pregnancy, malignant disease,
had a history of malignancy, a recent clinically significant infection, or had any other connective tissue disease,
pulmonary interstitial lesions due to other causes, such as idiopathic and pharmaceutical, or coal dust and asbestos
asthma. Involvement of other organs except skin and lung lesions of SSc patients was also excluded. This study was
approved by the Ethics Committee of the Second Hospital of Shanxi Medical University and obtained an exemption from
informed consent of the Ethics committee (No. 2019YX009).

Treatment

The study is a single-center retrospective study. Our medical center is divided into multiple medical groups. Different
medical groups differ in the application of glucocorticoid therapy. Based on similar cs-DMARD treatment, 46 patients
received intravenous (i.v.) MP-Pulse therapy (15 mg/kg/day for 4 days/week, 2 weeks).?'** And 21 of them were
followed by long-term (10 years) oral LTLD-GC (prednisone 5-10 mg/day or methylprednisolone 4—8 mg/day at 8:00
am), that is, small doses of glucocorticoid prednisone or an equivalent amount of prednisolone.’
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From January 2006 to December 2009
there were 219 patients with SSCin
rheumatology clinic of the Second
Hospital of Shanxi Medical University

Excluded

* 43 participants were involvement of other organs except skin
and lung lesions.

* 128 participants were followed up for less than 10 years

* 2 participants had severe dysfunction of major organs.
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Figure | A flow chart of the patients.

Follow-Up Assessment

The clinical follow-up assessment mainly included dosage, frequency and duration of treatments, disease activity,
occurrence of infection, and any other adverse reactions at baseline, 6 months, annually through 10 years after treatment.
Clinical and laboratory data were obtained retrospectively from medical records. Data for each patient was assessed by
the same investigator throughout the study using the following outcome measures.

Outcomes
The primary outcome was >10 years of follow-up. Safety end points were serious AEs (SAEs).

Clinical Evaluations

Skin

Skin thickness was evaluated using a modified Rodnan skin score (mRSS). mRSS were obtained retrospectively from
medical records. The sclerotic degree of the following 17 parts was evaluated, including the face, chest, abdomen,
bilateral fingers, back of hand, forearm, upper arm, thigh, calf and back of foot. Each part was assessed as follows:
normal = 0, mild = 1, moderate = 2, and severe = 3.2

Lung
Chest HRCT: ILD diagnosis was determined by a review of a high-resolution computed tomography scan (HRCT, GE
DiscoveryRT). CT features most likely associated with SScILD were as follows: fibrosis inside focal GGOs in the upper
lobes; fibrosis in lower-lobe GGOs; and RETs in the lower lobes, exceptionally if bilateral/symmetrical or with signs of
fibrosis. About usual interstitial pneumonia (UIP), HRCT showed subpleural reticular dense and giant capsule honeycomb
with interlobular septal thickening, distraction bronchiectasis, and the range of slope from the tip of the lung to the bottom of
the lung; most cases may also appear a dense shadow of glass, but the content is limited. For non-specific interstitial
pneumonia (NISP), HRCT showed a symmetrical distribution of bilateral subpleural abnormalities, including patchy glazing-
like dense irregular line-like or dense reticular shadow scattered in tiny nodules.>* Lung involvement and fibrosis were
evaluated using HRCT, which have four features: single ground-glass opacity (GGO), ground-glass lesions and reticular
nodular lesions (mixed pattern), single reticular nodular lesions (reticula-nodular) and honeycomb changes. Three repre-
sentative levels of aortic arch, bronchial bifurcation and diaphragm top were used, each of which was scored separately. The
range of these lesions is quantified separately according to their percentage of the area of each layer of lung tissue, 0: no
changes above; 1: <25%; 2: 25-49%; 3: 50-74%; 4: >75%. Add up the scores of all four regions as lung HRCT scores.”
PFT: Standard PFTs were performed at baseline, 1, 3, and 6 months in all patients, including assessments of forced
vital capacity (FVC), forced expiratory volume in the first second (FEV1), and carbon monoxide diffusing capacity
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(DLCO) corrected for hemoglobin concentration. PFT parameters are expressed as a percentage of normal predicted
values based on age, sex and height. All tests were performed at the Second Hospital of Shanxi Medical University (PFT,
Geratherm, Spirostik Complete).*®

sPAP: Systolic pulmonary artery pressure (sPAP) was assessed by color Doppler echocardiography (ECO, PHILIPS
EPIQ7C).%’

Safety Assessments

Femoral head necrosis and compression fracture were diagnosed by a specialist orthopedic surgeon and a rheumatologist.
The clinical follow-up assesses this radiograph of the pelvis every 1-2 years. Liver dysfunction was defined as more than
twice the upper limit of normal (AST, ALT<40.0 U/L). Hyperglycemia is defined as a fasting blood glucose of at least
6.10 mmol/L. Dyslipidemia is defined as the value exceeding these normal ranges (mmol/L): cholesterol (CHOL) 3.10—
6.00, triglycerides (TRIG) 0.45-1.60, high-density lipoprotein (HDL) 0.80-2.35, and low-density lipoprotein (LDL)
1.68-4.50. Renal dysfunction was defined as an increase in serum creatinine concentration of more than 30% above
baseline levels at any study time point. Patients had scleroderma renal crisis (SRC), serum creatinine >2.0 mg/day, or
a doubling of serum creatinine above the value at baseline, in the absence of another defined cause and/or malignant
hypertension systolic blood pressure (BP) >160 mmHg or diastolic BP >110 mmHg on at least 2 occasions, a minimum

of 12 hours apart.'>'>17

Sample Size Determination

The sample size calculations were based on detecting treatment differences of on the main outcome, assuming a two-
tailed test, a effect size of 0.5, an alpha level (o) of 0.05 and a desired power () of 80%. The estimated desired sample
size was calculated to be at least 17 subjects per group. A dropout percentage of 10% was expected, so at least 19 patients
were included in each group.

Statistical Analysis

Data were statistically significant at a value of P<0.05. Statistical analyses were performed by SPSS version 23.0 (IBM
Corp, Armonk, NY, USA) and GraphPad Prism version 8.01. Normal distributed variables’ descriptive data were
presented as mean and standard deviation and non-normal distributed variables were presented as median with range.
Categorical variables were reported as numbers. Paired-samples #-test or paired-samples Wilcoxon test was used for
comparison of changes before and after treatment. Independent-samples #-test or Mann—Whitney U-test was used to
compare the differences between two groups. ROC curves were prepared using SPSS. The predictive the therapeutic
effect of FVC, FEV1 and DLCO were also assessed with ROC curves in SSc and aid visual comparison.

Result

The Selection of Patients

After screening by inclusion and exclusion criteria, a total of 43 participants were excluded due to involvement of other
organs except skin and lung lesions. Within the remaining 176 participants, 128 cases were followed up for less than 10
years, and 2 cases had severe dysfunction of major organs; 46 patients were used for data analysis (Figure 1).

Baseline Characteristics
The baseline characteristics of the 46 SSc patients in the two groups (MP-Pulse alone and MP-Pulse/LTLD-GC) at the
beginning of the therapy are summarized in Table 1. Before treatment, there were 5 patients (10.86%) with diabetes and 4
(8.70%) with hypertension: their conditions had been controlled. Between the two group, the differences were not
statistically significant in the general conditions and disease indicators, including those for skin hardness score and lung
evolvement as well as basic disease and laboratory test (P>0.05). The two groups were comparable.

All patients were treated with MP-Pulse and 21 of them were followed by oral LTLD-GC for 10 years. In the period, 7
patients (13.04%) twice, and 4 (8.70%) thrice as disease was active or relapsed. Because fewer of patients had received two
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Table | Baseline Characteristics of 46 Patients with SSc Treated with Two Different Therapies
and Basic Treatment

Variables Group A Group B P value
MP-Pulse MP-Pulse + LTLD-GC
(n=25) (n=21)
Age, mean * SD (years) 51.32+11.87 53.55+13.87 0.782
Female, n (%) 20 (80.0) 18 (85.7) 0.655
Smoking, n (%) 4 (16.0) 3 (142) 0.874
Disease duration, mean * SD (years) 1.91 (0.62, 3.71) 1.87(0.31, 3.43) 0.963
Duration of RP, mean * SD (years) 1.91(0.47, 3.34) 2.32(0.96, 3.68) 0.804
Total skin score, mean * SD 19.50+14.21 18.15+13.24 0.926
dcSSc, n (%) 23 (92.0) 20 (95.0) 0.468
LcSSc, n (%) 2 (8.00) | (4.76) 0.436
FVC (% predicted) 74.69+18.28 75.75%18.50 0.494
FEV, (% predicted) 72.78+16.79 73.11£1591 0.316
DLCO (% predicted) 64.48+12.36 63.13£16.33 0.831
Lung involvement (HRCT), mean + SD 4.15+3.35 3.96+2.81 0.311
SPAP, mean * SD (mmHg) 35.13+8.31 34.27+7.78 0.790
Positive ANA (Hep-2), n (%) 23 (92.0) 20 (95.0) 0.468
Positive Anti-Scl-7, n (%) 17 (68.0) 14 (66.6) 0.723
Positive centromere, n (%) 3 (12.0) 4 (19.0) 0.196
ESR, mean * SD (mm/h) 33.21%13.90 29.15+16.00 0.099
CRP, mean * SD (ng/mL) 19.37+11.34 18.21+10.61 0.758
History of diabetes, n (%) 2 (8.00) 3 (14.2) 0.515
History of hypertension, n (%) 2 (8.00) 2 (9.52) 0.856
MP-Pulse (I time) 18 (72.0) 17 (81.0) 0.791
MP-Pulse (2 time) 5 (20.0) 2 (9.52) 0.293
MP-Pulse (3 time) 2 (8.0 2 (9.52) 0.856
Exposure to immunosuppressant, n (%)
CYC + other csDMARDs 17 (68.0) 14 (66.6) 0.723
MTX + other csDMARDs 22 (88.0) 19 (90.4) 0.537
LEF + other csDMARDs 8 (32.0) 10 (47.6) 0.068
Calcium supplement 25 (100.0) 21 (100.0) 1.000
Calcitriol 19 (76.0) 20 (95.0) 0.0714
Note: Except stated otherwise, Results are given as mean + SD, M (P25, P75) or percentage (count/total).
Abbreviations: FEV|, forced expiratory volume in the first second; FVC, forced vital capacity; DLCO, diffusing capacity of
the lung for carbon monoxide; sPAP, systolic pulmonary artery pressure; CYC, cyclophosphamide; MTX, methotrexate;
LEF, leflunomide.
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or three MP-Pulse treatment, the difference between the two groups were not statistically significant. All patients received
intermittent csDMARDs, including methotrexate, cyclophosphamide, leflunomide, and hydroxychloroquine. Because of the
long history of collection, most patients were adjusted a variety of immunosuppressant treatment schemes. Approximate 90%
of the patients received a combination of drugs: the combination with coined CYC (cyclophosphamide) accounted for
67.40%. There was no statistically significant difference in MTX, LEF and other immunosuppressant monotherapy and
various combinations between the two groups (P>0.05). The two groups were comparable (Table 1).

Short-Term Efficacy

First, we compared the short-term (1 year) efficacy of MP-Pulse with or without the combination with LTLD-GC.
Compared with the baseline, from 6 months to 1 year, there were significant improvements in skin hardness score and
lung function test FVC after both treatments (p<0.05) (Figure 2A and B). The lung function indicators — FEV1 and
DLCO - of both groups showed an upward trend (Figure 2C and D); meanwhile the lung HRCT score of both groups
showed a downward trend (Figure 2E), although there was no statistical significance. SPAP had no significant difference
between the two groups of patients (Figure 2F).

Long-Term Efficacy

Next, compared to baselines, 3 to 10 years of MP-Pulse/LTLD-GC treatment improved all indicators except sPAP.
Particularly, lung HRCT imaging showed the reduced lung lesion compared with those before MP-Pulse/LTLD-GC
(Figure 3). Furthermore, there were statistically significant improvements in skin hardness, lung fibrosis and function:
lung HRCT score (3.96+2.81 to 1.42+0.83), FEV1 (75.7% to 87.88%), DLCO (63.4% to 87.73%), and FVC (71.7% to
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Figure 2 Similar short-term effects (| year) of both MP-Pulse and MP-Pulse/LTLD-GC, as compared to those baselines.

Notes: (A and B) skin fibrosis scores (mRSS) were significantly reduced and lung function score FVC increased (*p<0.05). (C and D) Lung function score FEV| and DLCO
showed an upward trend (p=0.0596, p=0.0617). (E) The lung HRCT score of both groups showed a downward trend (p=0.0635). (F) sPAP did not change significantly
(p>0.05).
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Figure 3 Represent HRCT showed the reduced lung lesion in a patient after the 9-years treatment of MP-Pulse/LTLD-GC.
Notes: (A) Before June 2010 and (B) After September 2019.

89.83%) (Figure 4A—F). Notably, before and after treatment of MP-Pulse alone as controls, there was no significant
difference in each index (Figure 4A-F).

At the different timepoint (year) after treatment, we compared skin/lung lesion and lung function indicators between MP-
Pulse/LTLD-GC and MP-Pulse alone. Long-term treatment (6th and 10th year) of MP-Pulse/LTLD-GC, but not MP-Pulse
alone, reduced significantly skin (mRSS, p<0.05 or p<0.001) and lung fibrosis (HRCT, p<0.05), and concomitantly improved
lung function: increasing FVC (P<0.05 or P<0.001), FEV1 (p<0.05), and DLCO (p<0.05) (Figure SA-F). Interestingly, FVC
(AUC: 0.854) and FEV1 (AUC: 0.906) could predict the therapeutic effect of MP-Pulse/LTLD-GC in SSc (Figure 5G).

Treatment Safety

In 1 year, all 46 patients using MP-Pulse therapy had no severe adverse events. Patients with a history of hypertension
and diabetes had elevated blood pressure and elevated serum glucose during MP-Pulse treatment, which all reverted to
normal by adjusting therapeutic regimen. Eight patients (17.40%) had infection (including pulmonary, urinary tract,
digestive system, and skin infection); all infected cases were cured successfully by anti-infective treatment. No new
arrhythmias or ischemic events were noted on ECG monitoring for all subjects and 1 patient (2.17%) had chest tightness,
but no accompanying vital sign or ECG changes (Table 2).

In the long-term (10 years) of the treatment, none of these patients had femoral head necrosis and compression
fracture, which should profit partially from the fact that the most of them were treated in regular with anti-osteoporosis
medications (Table 1). Compared to baseline level, 5 patients (10.87%) had a 30% increase in creatinine level; 1 (2.18%)
increased by 50% in liver enzymes; 1 (2.18%) developed diabetes requiring treatment after 6 years of treatment; 2
(4.34%) presented hypertension requiring treatment after an average of 3.5 years of treatment; 2 (4.34%) showed
hyperlipidemia requiring treatment after an average of 7.8 years; after an average 6.8 years of treatment, 7 (15.22%)
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Figure 4 Comparing within group clinical efficacy of the two treatment at different time periods.

Notes: (A and B) Skin or lung fibrosis score mRSS or HRCT was reduced (*p<0.05 or **P<0.001), while MP-Pulse alone resulted in a slowly increase of mRSS and HRCT
(p>0.05). (C-E) Increased lung function scores (FEVI, FVC and DLCO) showed the improved lung function after this treatment (*p<0.05 or *¥p<0.001), but not MP-Pulse
alone. (F) sPAP was no change (p>0.05). The above results indicate that the long term treatment (6 to 10 years) of MP-Pulse/LTLD-GC, but not MP-Pulse alone, reduced
skin and lung fibrosis and improved lung function.

was found with peripheral neuropathy such as limb numbness, but no limb tremor; 9 (19.57%) had infection (including
pulmonary, urinary tract, digestive system infect, and skin infection), one of whom developed herpes zoster infection. All
infected cases were cured successfully by anti-infective treatment. There was no statistically significant difference in the
incidence of infection and other adverse reactions between the two groups (P>0.05) in the long-term of 10 years
(Table 2).

Discussion
Although corticosteroids have been used as the primary treatment for SSc, their efficacy is unsatisfactory. High-dose
corticosteroid therapy increases the risk of complications by renal crisis, but it still has room to optimize, especially in
long-term and low-dose observation. So, the combination of low-dose and long-term corticosteroids with different
immunosuppressive drugs has been considered a novel therapeutic strategy and option in treating SSc.>°
Glucocorticoids (GCs) are remarkably efficacious in managing many of autoimmune disorders and represent
a mainstay in the therapeutic strategies of many autoimmune diseases.*” They can be used as low- or high-dose,
short- or long-term, and pulsed high-dose intravenous infusion of methylprednisolone (MP-Pulse) depending on clinical
requirement. The obvious side effects by long-term and high-dose GC applications have been confirmed, whereas short-
term GCs cannot delay the progress of SSc. Notably, MP-Pulse can be used in conditions where rapid immunosuppres-
sion and anti-inflammatory effect is desired. For SSc patients, the efficacy of GCs in published studies is limited and
controversial, which should associate with different dose, duration and route of administration in these studies.® '*!® In
particular, in the study on CTD-ILD by Yamano et al, two courses of pulse dose methylprednisolone therapy followed by
prednisone and oral tacrolimus appeared to be well tolerated, and to have multidimensional efficacy.” These studies
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Figure 5 Comparing between treatment groups clinical efficacy of the two treatments at different time periods. At the different timepoint (year) after treatment, the
efficacy indicators were compared between MP-Pulse/LTLD-GC and MP-Pulse alone.

Notes: (A and B) Only long-term treatment (6 or 10 years) of MP-Pulse/LTLD-GC decreased significantly skin fibrosis (mRSS, *p<0.05, **p<0.001) and lung fibrosis (HRCT, *p<0.05,
*#p<0.001). (C-E) This therapy improved lung function: increasing FVC, FEVI and DLCO (p<0.05). (F) sPAP was no significance change between the two groups (p>0.05). (G) The
ROC curve analysis showed that FVC and FEVI could predict the therapeutic effect of MP-Pulse/LTLD-GC therapy in SSc.

suggest that short-term intravenous high-dose methylprednisolone pulse (MP-Pulse) and low-dose oral glucocorticoids
(LTLD-GC) may be effective in the short term.

Since repeated MP-Pulse therapy can lead to increased risk of the adverse reactions,® we began, 10 years ago, to relieve
active SSc patients using short-term intravenous high-dose methylprednisolone pulse (MP-Pulse) and then maintain
remission using long-term and low-dose oral glucocorticoids (LTLD-GC). To our knowledge, this is the first study to
assess the long-term therapeutic effect and adverse events of intravenous MP-Pulse together with oral LTLD-GC for SSc.

Our study showed short (6 month-1 year) after MP-Pulse with or without LTLD-GC reduced the skin fibrosis and
improved lung function, especially the later. However, long-term efficacy of MP-Puls/LTLD-GCs was significantly better
than that of MP-Pulse alone. Starting 3 years after MP-Pulse/LTLD-GC treatment, all indicators were improved as
compared with those before treatment but not MP-Pulses alone. It significantly reduced skin and lung fibrosis and
improved lung function as compared to either baseline or MP-pulse alone. FVC and FEV1 can predict the therapeutic
effect of this treatment. In addition, a study showed that the combination therapy of low-dose dexamethasone and
atorvastatin protected endothelial cell function.?® In addition to glucocorticoids, some new drugs have been used to treat
SSc-ILD, such as nintedanib, an intracellular inhibitor of tyrosine kinases, which has been approved in many countries
for the treatment of idiopathic pulmonary fibrosis (IPF) and SSc-ILD.>*** These results suggest that nintedanib has
a clinically relevant benefit on the progression of SSc-ILD. Whether it can replace glucocorticoids or reduce glucocorti-
coid doses, and then reduce the occurrence of adverse events, is worth our further study.

All the patients, including MP-Pulse alone group and MP-Pulse/LTLD-GC group, had accepted csDMARDs treatment
for the whole 10 years, among which methotrexate and cyclophosphamide mainly were used. Currently, conventional
therapies for SSc include the immunosuppressive agents such as methotrexate, azathioprine, mycophenolate mofetil (MMF),
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Table 2 Adverse Events from | Year to |0 Years of Therapy (n = 46)

Variables Time of Group A Group B P value
therapy (y) MP-Pulse MP-Pulse +
(n=25) LTLD-GC
(n=21)
Death | 0(0) 0(0) 1.000
10 0(0) 0(0) 1.000
Increased serum creatinine | 0(0) 0(0) 1.000
10 2(8.00) 3(14.29) 0.515
Abnormal liver function tests | 0(0) 0(0) 1.000
10 1(4.00) 0(0) 0.879
Diabetes requiring additional | 2(8.00) 3(14.29) 0.515
freatment 10 0(0) 0(0) 1.000
Hypertension requiring additional | 2(8.0) 2(9.52) 0.856
freatment 10 0(0) 0(0) 1.000
Newly-diagnosed diabetes | 0(0) 0(0) 1.000
10 0(0) 1(4.76) 0.706
Newly-diagnosed Hypertension | 0(0) 0(0) 1.000
10 1(4.00) 1(4.76) 0.874
Hyperlipidaemia requiring | 0(0) 0(0) 1.000
freatment 10 1(4.00) 1(4.76) 0.874
Infection | 4(16.00) 4(19.04) 0.738
10 4(16.00) 5(23.81) 0.493
Herpes zoster | 0(0) 0(0) 1.000
10 1(4.00) 0(0) 0.897
Tremor | 0(0) 0(0) 1.000
10 0(0) 0(0) 1.000
Numbness | 0(0) 0(0) 1.000
10 3(12.00) 4(19.04) 0.437
Femoral head necrosis | 0(0) 0(0) 1.000
10 0(0) 0(0) 1.000
Compression fractures | 0(0) 0(0) 1.000
10 0(0) 0(0) 1.000
Chest tightness | 0(0) 1(4.76) 0.706
10 0(0) 0(0) 1.000
4430 https: Journal of Inflammation Research 2022:15
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and cyclophosphamide (CYC). However, none of the disease-modifying antirheumatic drugs (DMARDs) has proven
efficacy for SSc skin fibrosis. And there remain no FDA-approved medications, some of which are off-label, for cutaneous
fibrosis in SSc.>'**? These immunosuppressive medications are generally associated with improved lung function and skin
scores but have potentially serious side effects. Our research showed csDMARDs had no apparent difference between the
groups. Therefore, better efficacy in MP-Pulse/LTLD-GC group should be contributed by LTLD-GC treatment. In other
studies, GC combined with immunosuppressive drugs can improve lung function and skin involvement.** But they do not
explain if adding GCs to csDMARD:s could lead to better control of the disease because the follow-up time of these studies
was shorter, their uncontrolled design, or the small number of patients enrolled.

Importantly, none of the patients showed a life-threatening adverse event associated with the combined therapy. At
the beginning, we were concerned whether MP-Pulse/LTLD-GC could result in scleroderma-related renal crisis, as
indeed reported in the literature.'* As a result, no episode of renal impairment in the 21 patients was observed after MP-
Pulse/LTLD-GC. In this period of treatment, there were 1 new diabetes mellitus and 2 new hypertensions. Because of the
small-sample number, the long follow-up time, and multiple effecting factors, the events were not considered as adverse
effects caused by drugs for the time being. However, to prevent from the adverse effect risk of GCs treatment, screening
carefully patient’s glucose levels and monitoring blood pressure should be performed prior to MP-Pulse administration.
In addition, preventing from infection should be considered.

Despite the retrospective nature, our results indicate that MP-Pulse/LTLD-GC therapy for 10 years reduced sig-
nificantly the skin/lung sclerosis and improved lung function, which was better than MP-Pulse alone as the control group.
No patient was interrupted by the drug side effects of this treatment. Importantly, it demonstrated multidimensional
effects on patients with SSc. Therefore, this therapy is safe, feasible, and low cost and may become the optimal regimen
for the treatment of SSc that delays or even reverses the disease.

There are limits to our study. This was a follow-up and single-center analysis, and assessments were not blinded to the
treatment protocol. Due to the long follow-up time, the number of patients able to follow-up is limited, and some
confounding factors were poorly controlled during this period. Therefore, more studies combined with prospective and
retrospective clinical and laboratory studies using a large sample are needed to confirm the improvement of pulmonary
function and skin fibrosis and the occurrence of possible adverse events. Furthermore, we only selected patients with
conventional immunosuppressants as comparators; specific csDMARDs combined with MP-Pulse/long-term LTLD-GC
should be optimized in the future.

Conclusion

Our study shows for the first time that intravenous high-dose MP-Pulse might be considered a treatment for rapidly
relieving active SSc. More importantly, long-term and low-dose (<physiological dose) oral glucocorticoids not only
maintain remission and prevent relapse but may have slowed and even reversed these skin and organ fibrosis trends
without severe adverse events during the whole 10 years of treatment. However, further study should be done using large
samples, and the specific mechanism needs further investigation.
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