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monotherapy: safety and efficacy over five
years extension follow-up
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Abstract

Background To report long-term safety and efficacy of mesenchymal stem cells (MSCs) in combination with and
without IFN-y in patients with rheumatoid arthritis (RA), using pooled data from two randomised clinical trials
followed by long-term extension (LTE) study.

Methods Cumulative data from two phase 1/2 core trials and their LTE studies were analysed. Safety variables
assessed included treatment-emergent adverse events (AEs), serious AEs (SAEs) and laboratory results. Efficacy
assessments included ACR20/50/70 responses, Disease Activity Score 28 <2.6 (remission) and < 3.2 (LDA, low disease
activity).

Results A total of 110 patients received MSCs monotherapy and MSCs combined with IFN-y treatment. Event rates
per 100 patient-years in MSCs monotherapy group and MSCs combined with IFN-y treatment group, respectively,
were 247 and 2.31 for SAEs. No increase in the rate of any AE was observed over five years. Clinical response rates
remained stable during the LTE study. Initial improvements in LDA/remission observed at year one were sustained
over five years of follow-up in both groups, while the MSCs combined with IFN-y treatment group had higher ACR20
and LDA rates than the MSCs monotherapy group at both one year (100% versus 50.7%, p < 0.001; 39.3% versus 8.7%,
p <0.001) and five years (89.3% versus 44.9%, p < 0.001; 42.9% versus 8.7%, p < 0.001).

Conclusion The long-term safety and efficacy of MSCs with/without IFN-y combination therapy remained stable. The
efficacy of MSCs was maintained through at least five years. These findings support MSCs as a treatment option for
patients with active RA.

Trial registration ChiCTR-ONC-16,008,770 (2016-07-03) and ChiCTR-INR-17,012,462 (2017-08-24).
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Highlights

therapy in active RA.

Mesenchymal stem cells (MSCs) have been shown to be effective in two phase 1/2 randomised clinical trials
in adults with active rheumatoid arthritis (RA) who had an inadequate response to or were intolerant of
conventional treatments, including csDMARDs, NSAIDs, bDMARDs, and steroids.

This LTE study confirmed that MSCs monotherapy provides a sustained favorable safety and efficacy profile,
and combination therapeutic strategy of MSCs plus IFN-y greatly improve the clinical efficacy of MSC-based

MSCs based cell-therapy is a new treatment option for non-responding or intolerant RA patients to
conventional treatments. The long-term safety and efficacy profile was attributed to MSC-mediated
immunoregulation. This should be considered in the future management of patients.

Keywords Rheumatoid arthritis, Mesenchymal stem cell, Interferon gamma, Long-term extension study

Background

Although the pathogenesis of rheumatoid arthritis (RA)
is not yet fully understood, updated studies have sug-
gested that various pro-inflammatory cytokines and
immune cells play significant roles in its development
and progression [1-3]. Despite great medical advances
in RA therapeutic drugs, only a minority of patients can
achieve disease remission and persistent remission off
therapy [4].

Numerous clinical studies have employed alloge-
neic mesenchymal stem cells (MSCs), primarily derived
from adult bone marrow, adipose tissue or umbilical
cord (UC), for treating various clinical diseases [5]. The
unique anti-inflammatory and immunosuppressive prop-
erties of MSCs have led to their widespread application
in autoimmune diseases, garnering widespread recogni-
tion for their efficacy and short-term safety [6]. Over the
past decade, MSCs transplantation (MSCT) has been
attempted in systemic lupus erythematosus, Sjogren’s
syndrome, systemic sclerosis, graft-versus-host disease,
and dermatomyositis/polymyositis, demonstrating sat-
isfactory clinical safety [7-11]. Theoretically, long-term
effects after MSCT may include potential immunosup-
pression, infection and tumorigenesis. However, to date,
there have been no reports on the long-term safety and
efficacy of MSCT for the treatment of patients with rheu-
matoid arthritis.

In the current study, MSCs monotherapy and MSCs
combined with IFN-y treatment were conducted in the
two phase 1/2 randomised, double-blind 48-week stud-
ies. MSCs significantly improved the signs and symptoms
of RA, and the physical function and health status of
patients with moderately to severely active RA responded
poorly to regular clinical treatments, including con-
ventional synthetic disease-modifying antirheumatic
drugs (csDMARDs), non-steroidal anti-inflammatory
drugs (NSAIDs), biological DMARDs (bDMARDs) and
steroids, or failed to tolerate the serious side effects of
these drugs (ChiCTR-ONC-16008770 and ChiCTR-
INR-17012462). In addition, MSCs in combination with

IEN-y demonstrated superiority to MSCs therapy alone
[12, 13].

Patients who participated in the core double-blind
randomised clinical trials (RCTs) could participate the
following long-term extension (LTE) study after signing
the informed consent form (ICF). This report includes
long-term MSCs safety and efficacy data pooled from
two phase 1/2 studies at single center and thus provides
important information for future clinical practice.

Methods

Patient population

The core RCTs enrolled adults with active RA who had an
inadequate response to or were intolerant of conventional
treatments, including csDMARDs, NSAIDs, bDMARDs,
and steroids. Patients who completed the 48-week fol-
low-up period were eligible for continued observation in
the long-term extension (LTE) study. Detailed inclusion
and exclusion criteria for the core studies have been pre-
viously published [12, 13].

Study design

In the core RCTs, patients with an inadequate response
to conventional treatments were randomized, depending
on the study, to receive either a single intravenous dose
of MSCs (1 x 10° cells/kg) or MSCs (1 x 10° cells/kg)
combined with intramuscular IFN-y (1 million IU). The
source and preparation of MSCs, derived from a single
donor, were consistent across all participants and have
been previously described [12, 13]. Patients who com-
pleted the core RCTs and consented to participate in the
LTE study were maintained on a standardized medica-
tion tapering protocol. Tapering protocols followed our
published criteria, [13] requiring sustained DAS28 < 3.2
for > 12 weeks prior to each step. If the status of a subject
continued to improve, a withdrawal schedule was used
to taper off the conventional drug treatment regimen
in the following order: glucocorticoids, NSAIDs then
DMARD:s. All treatment modifications were approved by
the rheumatologist in charge. The details of study design
of the core RCTs are described in Supplemental material.
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Safety assessments

Safety assessments encompassed adverse events (AEs)
and serious adverse events (SAEs), coded using the Medi-
cal Dictionary for Regulatory Activities (MedDRA) ver-
sion 27.1, along with laboratory tests, vital signs, physical
examinations, and other clinically relevant parameters
monitored throughout the study period.

Clinical response

Efficacy assessments included the Disease Activity Score
28 (DAS28) < 2.6 (indicating remission) and < 3.2 (indi-
cating low disease activity), [14] American College of
Rheumatology (ACR) 20/50/70 responses, [15] and
the Health Assessment Questionnaire-Disability Index
(HAQ-DI). These assessments were conducted in com-
pliance with the European Alliance of Associations for
Rheumatology (EULAR) recommendations for reporting
clinical trial extension studies in rheumatology [16].

MSCs
84 randomized patients

I

84 completed treatment

Page 3 of 10

Statistical analysis

The safety population comprised all subjects who
received MSCs transplantation. Patients were analyzed
according to treatment groups: (1) MSCs monotherapy
and (2) MSCs combined with IFN-y treatment. Baseline
safety variables were defined as the most recent values
recorded prior to MSCs transplantation. Adverse events
(AEs) were summarized as the total number of events
and exposure-adjusted event rates (ERs), calculated
as the number of events per 100 patient-years (PYs) of
observation. The total observation duration was defined
as the time from the MSCs transplantation to the last
recorded safety assessment.

Efficacy was evaluated in all randomised subjects
receiving MSCs transplantation who completed >5 years
of follow-up (Fig. 1). Discontinued patients or those
not entering the LTE study phase were classified as

MSCs+IFN-y
31 randomized patients

'

31 completed treatment

(] v v
S 4 d/c study 1 d/c study
* Lost to follow-up -3 * Lost to follow-up -1
* Lack of efficacy -1
} |
80 completed 1-year RCT study 30 completed 1-year RCT study
and randomized to LTE and randomized to LTE
|
11 d/c study 2 d/c study
» Lack of efficacy-7 * New-onset Sjogren's syndrome-1
* New-onset Sjogren's syndrome-2 * New-onset SLE-1
| o Confirmed malignancy-1
—! [+ Cerebral ischemic stroke-1

A 4

69 completed 5-years LTE study

A 4

28 completed 5-years LTE study

Fig. 1 Patient disposition. IFN-y, interferon gamma; LTE, long-term extension; MSCs, mesenchymal stem cells; RCT, randomized controlled clinical trial;

SLE, systemic lupus erythematosus
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Table 1 Demographics and other baseline characteristics Table 2 Summary of adverse events
Characteristics MSCs MSCs +IFN-y MSCs MSCs +IFN-y
(N=69)* (N=28)* N=80 N=30
Female no. (%) 59 (85.5) 24 (85.7) PY=445.15 PY=172.89
Mean age (years) 46.7+£10.2 474+108 Event ER Event ER
Mean duration of RA (years) 402+24 413426 per per
DAS28-ESR 5724056 5704047 100 100
HAQ-DI 163+0.21 1.60+0.20 years years
Erythrocyte sedimentation rate (mm/hr) 4587+939  46.59+8.62 Atleast one AE 161 36.17 62 35.86
C-reactive protein level (mg/liter) 2413583 23431638 dtymphogyte count /1 1595 27 1562
Positive for rheumatoid factor (%) 95.7 96.4 Fecreased il . 13 589
Positive for anti-CCP antibodies (%) 94.2 929 Ci;/\(j\rDa?Q i 28 1'7 §2 29 1'6 27
Medication history no. (%) y 7| ) 3 0 6'7 | 0 5'8
DMARDs 69 (100) 28 (100) Hyper? Yzem'f* , oss o 0o
bDMARDs 27 (39) 13 (46) Gyperfp' er,“'a‘ eorders o o 000
NSAIDs 69 (100) 28 (100) SAaEstromtestma isorders ! 2‘47 ’ 2‘3]
Prednisone 59 (86) 25 (89) ) disord ’ ’
HAQ-DI, the Health Assessment Questionnaire-Disability Index; DAS28- Autoimmune disorders 2 045 2 116
ESR, the Disease Activity Score for 28-joint counts based on the erythrocyte SLE 0 0.00 1 0.58
sedimentation rate; DMARDs, disease-modifying anti-rheumatic drugs; Sjégren’s syndrome 2 045 1 0.58
bDMARDs, biological DMARDs; NSAIDs, nonsteroidal anti-inflammatory drugs; Infecti
CCP, cyclic citrullinated peptide. Value: Mean £ SD. nfections 2 045 0 0.00
# Only data from patients who completed 5 years of follow-up were included Pneumonia 1 0.22 0 0.00
here. Tuberculosis 1 022 0 0.00
Hypertension 1 022 0 0.00
. .. i [li 2 1 .22 .
non-responders, while a completer analysis included only Diabetes melitus type 0 0 000
. . . c e . Malignancies 1 022 0 0.00
patients with data available at the analysis time point. : i
. . Cerebral infarction 2 045 0 0.00
Statistical analyses were performed using the t-test for ,
. . Graft-versus-host disease 0 000 O 0.00
parametric data and the Mann-Whitney U test for non-
Death 0 0.00 0 0.00

parametric data. For comparisons involving more than
two groups, one-way ANOVA followed by the Bonfer-
roni test or two-way ANOVA was applied. Changes
from baseline in DAS28-ESR, HAQ-DI, and other con-
tinuous endpoints were evaluated using a mixed-effect
longitudinal model. The duration of clinical remission
(DAS28<2.6), low disease activity (DAS28<3.2), and
ACR20/50/70 responses were assessed using Kaplan—
Meier survival analysis. Disease activity clustering was
analyzed with the trend x* test. Medication regimens
adjustments were analyzed with Fisher’s exact test.
All tests were two-sided, with a significance level set at
p<0.05. Analyses were conducted using SPSS V.27.0
(SPSS), and data are presented as mean + SD.

Results

Patient disposition

A total of 110 RA patients were randomized to the core
RCTs and enrolled in the LTE study, and 97 (88.2%)
completed the five-year LTE study (Fig. 1). Overall, 13
(11.8% of those randomised initially) patients discon-
tinued the study during the LTE study: 7 (6.4%) due to
lack of efficacy, 6 (5.5%) due to AEs. Two patients who
discontinued study from the MSCs combined with IFN-y
treatment group not only developed new-onset auto-
immune disorders but also failed to achieve an ACR20
response. Among 97 patients who completed the 5-year

AE, adverse event; ER, event rate; PY, patient-year; SAE, serious AE; SLE, systemic
lupus erythematosus; COVID-19, Corona Virus Disease 2019.

follow-up, 69 patients received MSCs monotherapy,
whereas 28 patients were treated with a combination of
MSCs and IEN-y. The maximum follow-up duration was
seven years, with a mean follow-up period of six years
(range: 5-7 years). Demographics and clinical character-
istics were well-balanced across MSC treatment groups
(Table 1) and between study completers and dropouts
(Table S2).

Safety

Adverse events

A total of 223 adverse events (AEs) were recorded dur-
ing the follow-up period and ER per 100 PY was 36.17
in MSCs monotherapy group and 35.86 in MSCs com-
bined with IFN-y treatment group (Table 2). Most fre-
quently reported AEs were lymphocyte count decreased
(ER was 15.95/100 PY in MSCs monotherapy group
and 15.62/100 PY in MSCs combined with IFN-y treat-
ment group) and corona virus disease 2019 (COVID-19)
(ER was 17.52/100 PY in MSCs monotherapy group and
16.77/100 PY in MSCs combined with IFN-y treatment
group). The majority of lymphocyte count decreased
occurred within four weeks after treatment, no grade>3
decrease was observed, and resolved without interference
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by the eighth week or 12th week. In addition, no signifi-
cant abnormalities were detected via routine blood tests,
liver and kidney function analysis, chest radiography,
urine analysis, or electrocardiography (Supplemental
Table S1).

Serious adverse events

Serious adverse events (SAEs) were noted in eight (7.3%)
patients with a rate of 2.47/100 PY with MSCs monother-
apy group and 2.31/100 PY with MSCs combined with
IFN-y treatment group. The most commonly reported
SAEs were autoimmune disorders and infections. The ER
of autoimmune disorders were 0.45/100 PY and 1.16/100
PY in MSCs monotherapy group and MSCs combined
with IFN-y treatment group, respectively (Table 2),
including new-onset systemic lupus erythematosus (SLE)
and Sjogren’s syndrome. Serious infections occurred only
in MSCs monotherapy group with a rate of 0.45/100 PY
(Table 2). Among the two cases of serious infections, one
case of pneumonia was caused by COVID-19, and one
case of tuberculosis developed in a patient treated with
MSCs monotherapy with a negative T-cell spot of tuber-
culosis (T-SPOT.TB) test at baseline while comorbid
rheumatoid arthritis-associated interstitial lung disease
(RA-ILD), experienced worsening of interstitial lung dis-
ease following COVID-19 infection, required hospitaliza-
tion, and was subsequently diagnosed with concurrent
pulmonary tuberculosis. Simultaneously, this patient with
RA-ILD was diagnosed with rectal cancer and underwent
surgical treatment. No unusual types of malignancies or
clustering were observed. Cerebral infarction occurred
in one RA patient with elevated baseline blood pressure
who was subsequently diagnosed with hypertension and
later experienced two episodes of cerebral infarction. No
patients developed graft-versus-host disease (GVHD)
and death throughout the LTE study.

Table 3 Efficacy assessments
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Clinical response

Disease activity

Efficacy assessments demonstrated that MSCs combined
with IFN-y is a more effective treatment than MSCs
monotherapy for active RA with both clinical and func-
tional improvements observed in many patients.

There was a significant difference in the clinical
response rates between the two MSCs administration
regimens. As expected, efficacy results in the completer
population of MSCs combined with IFN-y treatment
were higher compared with MSCs monotherapy popula-
tion (Table 3). In the RCT period, ACR20 response rates
and DAS28 LDA (<3.2) rates were higher in RA patients
treated with MSCs combined with IFN-y than in patients
with MSCs monotherapy (100% vs. 50.7%, 39.3% vs. 8.7%,
respectively), and the rates remained stable up to year
five of the LTE study (89.3% vs. 44.9%, 42.9% vs. 8.7%,
respectively) (Table 3). For the more stringent responses,
namely ACR50/70 and DAS28 remission (<2.6), patients
received MSCs combined with IFN-y also achieved a
higher rate than control received MSCs monotherapy,
although it had not statistically significant difference. Of
note, even when using these most stringent assessment
methods, at year three and year five of LTE study, a sig-
nificant difference was also observed with DAS28 remis-
sion rates (25% vs. 1.4% and 25% vs. 2.9%, respectively)
between the two MSCs administration regimens. The
decreases of DAS28 and HAQ-DI scores also stabilized
from year one of RCTs to year five of LTE study (Table 3).

Furthermore, analysis of the durations of ACR20/50/70,
DAS28 remission, and DAS28 LDA revealed that, as of
the last follow-up visit, clinical efficacy stabilized in both
MSCs monotherapy and MSCs combined with IFN-y
treatment group (Fig. 2A-E), which demonstrated a
remarkable result given the preceding treatment history
of this pooled population.

The change in disease activity clusters of the two MSCs
groups remained relatively stable throughout the LTE
study. Compared with that in the MSCs monotherapy
group, the improvement in disease activity in the MSCs

Variable Year 1 Year 3 Year 5

MSCs (N=69)* MSCs+IFN-y MSCs (N=69)  MSCs+IFN-y MSCs (N=69)  MSCs+IFN-y

(N=28)* (N=28) (N=28)

DAS28-ESR<2.6— % of patients (SD) 29(16.8) 143 (35.0) 14 (12.0) 25.0 (43.3)* 29(16.8) 25.0 (43.3)*
DAS28-ESR<3.2— % of patients (SD) 8.7 (28.2) 39.3 (48.8)* 8.7 (28.2) 46.4 (49.9)* 8.7 (28.2) 429 (49.5)*
ACR 20 response — % of patients (SD) 50.7 (50.0) 100 (0)* 46.4 (49.9) 929 (25.8)* 449 (49.7) 89.3 (30.9)%
ACR 50 response — % of patients (SD) 21.7 (41.2) 39.3 (48.8) 20.3 (40.2) 35.7 (47.9) 18.8 (39.1) 32.1 (46.7)
ACR 70 response — % of patients (SD) 43(204) 14.3 (35.0) 29(16.8) 14.3 (35.0) 29(16.8) 14.3 (35.0)
/\DAS28-ESR (SD) —1.34(0.93) —2.64(048)* —1.34 (0.95) —2.66 (0.48)* —1.38(0.95) —2.67 (0.48)*
A\HAQ-DI (SD) —0.39(0.28) -0.89 (0.26) * —-0.36 (0.27) —0.91 (0.29)* —0.35(0.28) —0.90 (0.29)*

* P<0.001 for the comparison with MSCs. ACR, American College of Rheumatology; EULAR, European League against Rheumatism and SD, standard deviation.

#Only data from patients who completed 5 years of follow-up were included here.
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Fig. 2 Survival analysis of RA patients who achieved DAS28 remission, DAS28 LDA or ACR20/50/70 during follow-up. A—E Kaplan-Meier plot of RA pa-
tients who achieved DAS28 remission (DAS28 < 2.6), DAS28 LDA (DAS28 < 3.2), ACR70, ACR50, and ACR20 in the MSCs+IFN-y and MSCs group. F Cluster
assessment of disease activity in the MSCs+IFN-y and MSCs groups during the LTE study; * compared with MSCs group at same follow-up period; #
compared with MSCs group at baseline; & compared with MSCs +IFN-y group at baseline
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combined with IFN-y treatment group was much more
obvious that most patients had moderate or low dis-
ease activity, and a few patients experienced remission
(Fig. 2F).

Medication regimens

Consistent with the observed clinical efficacy, medica-
tion regimens adjustments revealed that the number of
patients using biological DMARDs (bDMARDs) and
prednisone decreased in both of MSCs groups while
maintaining anchor therapy with csDMARDs during the
LTE study (Table 4). Notably, compared with the MSCs
monotherapy group, the MSCs combined with IFN-y
treatment group exhibited a greater reduction in predni-
sone use. Additionally, following the approval of targeted
synthetic DMARDs (tsDMARDs) in China in 2019, some
patients with suboptimal clinical responses or those pur-
suing clinical remission opted for tsDMARDs, although
no significant differences were observed between the
two groups. Notably, sustained drug-free remission was
observed in one patient in the MSCs combined with
IFN-y treatment group, with remission achieved within
the first follow-up year and maintained through the fifth
year.

Discussion

This LTE study confirmed that MSCs monotherapy pro-
vides a sustained favorable safety and efficacy profile, and
a combination therapeutic strategy of MSCs plus IFN-y
greatly improved the clinical efficacy of MSC-based ther-
apy in patients with active RA. Over five years, patients
experienced no increase in TEAEs or SAEs, and no cases
of GVHD and death were reported. While the initial sam-
ple size (n=110) was determined by power calculations
accounting for expected attrition, and the final follow-up
rate (88.2%, n=97) is reasonable for long-term studies
(mean dropout rates in RA clinical trials: 11%-39%), [17,
18] the modest effective sample size remains a key limita-
tion. This may reduce statistical power to detect smaller
clinically relevant effects or perform certain subgroup
analyses. Critically, the sample size also impacts general-
izability. Our findings, particularly those with small effect
sizes or non-significant results, require cautious interpre-
tation in broader populations and may be most applica-
ble to patients meeting our inclusion criteria. Although
our dropout analysis showed no significant baseline dif-
ferences (Tabel S2, p>0.05), future larger-scale stud-
ies are essential to confirm these findings and enhance
generalizability.

Patients with RA are known to have an increased risk
of infection, and therapy with immunosuppressive drugs
may increase this risk [19]. The observed ER for serious
infections (0.45/100 PY in MSCs monotherapy and 0/100
PY in MSCs combined with IFN-y) was much lower than

Table 4 Medication regimens adjustments of DMARDs and steroids between MSCs and MSCs+IFN-y group

Year 5
MSCs
(N

Year 3
MSCs
(N

Year 1

Drug chane- no. Baseline

(%)

p

MSCs+IFN-y

(N

p

MSCs+IFN-y

(N

p

MSCs+FN-y

MSCs
(N (N

p

MSCs+FN-y

MSCs
(N

=28)

=69)

=28)

=69)

=28)

=69)

(N=28)
28 (100)

=69)

0.081

26 (93)
1(4)

69 (100)
13(19)
12(17)

23 (33)

0.081

69 (100) 26 (93)

2(3)

0.081

26 (93)

69 (100)

0

>0.999
>0.999
0.820

69 (100)

csDMARDs

>0.999 0.061

0.170

>0.999
0.061

tsDMARDs

0.338

11 (16)

34 (49)

13(19)
36 (52)

10 (36)
24 (86)

27 (39)
57 (83)

bDMARDs

0.009

<0.001

<0.001

2(7)

>0.999

Prednisone

DMARDs, disease-modifying anti-rheumatic drugs; csDMARDSs, conventional synthetic DMARDs; tsDMARDs, targeted synthetic DMARDs; bDMARDs, biological DMARDs
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that for other biological or targeted synthetic DMARDs
(b/tsDMARDs), such as tocilizumab (3.5-4.9/100 PY),
sarilumab (3.7/100 PY in combination with csDMARDSs)
and olokizumab (2.34-2.95/100 PY) [20-22]. There was
no increase in the rate, severity or change in the nature
of infections with time. While direct comparisons are
limited by the absence of a concurrent active comparator,
systematic benchmarking against historical data reveals
MSC therapy’s distinct value: (1) SAE rates (2.3-2.5/100
PY) represent a 5—6-fold reduction vs. conventional
therapies; [23] (2) 5-year ACR20 rates (45—-89%) exceed
DMARD:s efficacy at 30 weeks (31-59%); [24] (3) MSCs
offer a critical option for bDMARD-refractory patients or
those at high infection risk. These findings suggest that
MSCs transplantation does not appear to increase the
risk of infection compared with other immunosuppres-
sive drugs and that MSCs modulate the immune system
rather than directly suppress it [25-27]. In other words,
MSCs selectively suppress pathologically overactivated
inflammatory responses without compromising normal
immune function [28].

A decrease in lymphocyte count is the most common
laboratory change observed with MSCs transplantation.
ERs of lymphocyte count decreased of MSCs monother-
apy was comparable with MSCs combined with IFN-y
treatment. However, no serious laboratory abnormali-
ties occurred throughout the LET study. The observed
decrease in lymphocyte counts aligns with the in vitro
findings that MSCs inhibit lymphocyte proliferation [29].
Concurrent with the reduction in lymphocyte numbers,
our previous research also revealed a reversal in the Treg/
Th17 ratio, further corroborating the immunomodula-
tory function of MSCs [13].

During the course of this LTE study, the COVID-
19 pandemic occurred, and as a result, the majority
of patients contracted COVID-19. Among them, one
patient required hospitalization due to progression to
COVID-19 pneumonia. Another patient affected by
COVID-19 who had pre-existing ILD at baseline, experi-
enced a worsening of ILD following COVID-19 infection.
During hospitalization, the patient was also diagnosed
with tuberculosis, highlighting the susceptibility of
RA-ILD patients to concurrent respiratory infections
[30]. While COVID-19 infections constituted frequent
AEs (17.52/100 PY), re-analysis excluding these events
showed stable non-COVID SAE rates (2.25-2.31/100
PY). The low incidence of severe COVID-19 (1 pneumo-
nia SAE vs. 18-29% in general RA cohorts) suggests MSC
immunomodulation may mitigate pandemic-related risks
[31]. Hybrid follow-up and universal vaccination further
reduced bias.

In addition to a lack of efficacy, the diagnosis of new
autoimmune disorders emerged as another significant
reason for patients discontinuing participation in the LTE
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study. A total of four patients were diagnosed with new-
onset autoimmune disorders, including three patients
with Sjogren’s syndrome and one patient with SLE. RA
patients are known to be at potential risk of developing
other autoimmune diseases, among which Sjogren’s syn-
drome is the most frequently observed. The prevalence
of Sjogren’s syndrome in RA patients ranges from 10%
to 30%, which is higher than that reported in the general
population [32]. In contrast to the relatively high preva-
lence of Sjogren’s syndrome, the prevalence of SLE in
RA patients is exceedingly rare, which is termed “rhupus
syndrome” and ranges from 0.01% to 2% [33]. Moreover,
it is noteworthy that RA patients who developed new
autoimmune disorders during the follow-up period did
not exhibit significant clinical responses after receiv-
ing either MSCs monotherapy or MSCs combined with
IEN-y treatment. While the immunostimulatory proper-
ties of IEN-y provide a plausible biological basis for the
observed numerical imbalance, our analyses revealed
no evidence linking adverse events to baseline autoanti-
body status, demonstrated a very low absolute risk, and
identified no safety signal in prior IFN-y receptor agonist
trials [34, 35] Furthermore, counter-regulation by mes-
enchymal stromal cells (MSCs) is a likely contributing
factor. These findings suggest that MSCs transplantation
for RA may have limited expected efficacy in patients
with potential comorbid autoimmune disorders, but the
underlying reasons for this finding remain to be explored.

The incidence of malignancy is similar to that of the
general population and lower than that of bDMARDs,
such as sarilumab (0.6—0.7/100 PY) and tocilizumab (1.4
and 0.7/100 PY depending on dosage) [20, 21] Another
long-term observational study of MSCs transplantation
also demonstrated a good safety profile in SLE patients,
without an increased risk of malignancy [7].

The overall treatment response from any of the efficacy
variables, including the disease activity score and ACR
response, were attained early and maintained through-
out the 5-year period. In contrast to other therapies that
require repeated and frequent administration, a single
dose of MSCs is sufficient to achieve significant clini-
cal improvement in the majority of responsive patients
within three to six months [13]. Furthermore, these
improvements in the signs and symptoms of rheuma-
toid arthritis occurred early and were sustained over
the 5-year follow-up period. Although the therapeu-
tic efficacy of MSCs combined with IFN-y treatment
is superior to that of MSCs monotherapy, both MSCs
regimens demonstrated durable clinical benefits, with
the majority of patients maintaining their therapeutic
response over the 5-year follow-up period. While MSC
+ IFN-y demonstrates robust efficacy for moderate RA
(evidenced by ACR20/LDA/DAS28 remission), achiev-
ing deep responses (ACR50/70) in severe disease may
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require optimized dosing strategies. Additionally, this
study revealed a significant reduction in the proportion
of clinically responsive patients continuing to use pred-
nisone and bDMRADs. However, it is important to note
that DMARDs, as anchor therapy for RA, must still be
maintained to ensure sustained therapeutic efficacy.

This study has several limitations. First, single-cen-
ter enrollment may limit generalizability, although our
cohort demographics align closely with national rheuma-
toid arthritis (RA) registry data [36]. Second, open-label
LTE phase risks assessment bias, mitigated by blinded
endpoint adjudication and objective biomarkers. Third,
the high retention rate (88.2%) may preferentially retain
treatment responders, but sensitivity analyses con-
firmed the robustness of the primary findings against this
potential bias. Fourth, the absence of a placebo control,
inherent to LTE extensions, was contextualized through
comparison with active comparator groups from the core
RCT phase and validated historical benchmarks. Fifth,
systematic evaluation of radiographic progression was
not performed; while stable HAQ-DI scores and reduced
DAS28 correlate with lower erosion risk, [37, 38] future
MSC trials will incorporate modified total sharp score
(mTSS) assessments. These limitations do not invalidate
the primary conclusion that MSC + IFN-y induces dura-
ble remission, but highlight needs for multi-center repli-
cation and predictive biomarker integration.

Conclusions

MSCs have shown favorable safety and efficacy profiles
for five years and continue to provide significant clinical
benefit in the patient population evaluated in this study.
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